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Welcome to the Third International
BioProcessing Asia Conference
at the Langkawi International Convention Centre, Langkawi, Malaysia

It is a great pleasure to welcome you to the third meeting in the BioProcessing Asia
Conference Series. This Conference continues the trend set by the two previous BPA
conferences in 2014 and 2016 in exploring themes and topics focused on the contribution of
bioprocessing towards the development and manufacture of affordable biopharmaceutical
products in Asia.
Of particular importance at this conference is the contribution made by our Scientific Advisory
Committee on the identification of specific current trends in the field. This input has led to
the selection of six Oral Sessions that cover important aspects of bioprocessing ranging from
disease treatments, innovations in technology, vaccine design and development, the changing
environment of plasma products, disruptive manufacturing strategies and the evolving
regulatory environment in Asia. These topics are further developed and explored in the Poster
Session where, as in the past, more detailed discussions and the exploration of ideas without
the usual constraints of time can be pursued.
We are fortunate to have attracted several outstanding Keynote and Focus lecturers to the
meeting including Dr Ashok Kumar, President of IPCA Ltd’s R&D Centre in Mumbai and
Dr Subash Kapre, Director Emeritus at the Serum Institute of India and from Inventprise,
USA, who, together with the distinguished Session Chairs will set the tone and lead the
discussions on salient areas of bioprocessing. Professor Linda Hwee-Lin Lua of the University
of Queensland in Australia will close the meeting with her observations of insights gained
from the meeting and the impact that those insights will have on the future of bioprocessing
in Asia and the world.
We wish to thank all of our sponsors for their generous support and the contributions of
all presenters towards what we believe to be a truly outstanding scientific program. We
trust that you have an informative and exciting meeting in a pleasant, relaxed and informal
environment.

John Curling
Conference Chair
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General Information

Venue

WiFi

The conference is being held at the Langkawi
International Conference Centre (LICC), associated
with the Westin Langkawi Hotel on the southern shore
of the island of Langkawi, Malaysia.

WiFi is available throughout the LICC/Westin Langkawi
complex. You may access the WiFi system at the LICC
even if you are not a registered guest at the Westin.
Access information will be provided.

Registration

Oral Sessions

The Registration Desk is located in the foyer of the
LICC and is staffed by Ankita Bhargava and Niharika
Budholiya from the Indian Institute of Technology in
Delhi. Ankita and Niharika will be at the Registration
Desk on Monday 12 November from 14.00 until 18.00.
They are both presenters at the conference and will be
at the desk during all refreshment breaks.

All Oral Sessions will take place in the main LICC
Auditorium. Please gather in the LICC foyer 15 minutes
prior to the start of each session. We have a very full
programme and will need to keep to the programme
schedule.

If you need any assistance with hotel, airline or
transportation etc. please speak to your hotel
Reception or Concierge.

Name Badges
Please wear your name badge at all times within the
LICC and Westin Hotel.

Programme and Abstract Book
Each registrant is entitled to one copy of the
Programme and Abstract Book. Additional Copies may
be available at the Registration Desk at the close of the
conference.

Digital Programme and Abstracts
The full conference programme will also be available
digitally via the Guidebook app or through your web
browser. You can view the conference schedule, venue
information, access abstracts for talks and posters,
and more.
For detailed instructions on how to access this
please see our website at www.bioprocessingasia.net/
guidebook.

 Presenters should transfer their presentations
to the AV staff by WiFi or memory stick at least
30 minutes prior to the start of the session.

Poster Session
All posters should be placed on the poster boards in
the Foyer of the LICC on Monday 12 November and
taken down on Thursday 15 November to allow viewing
during all the refreshment breaks. There is a dedicated
Poster Session, scheduled for Wednesday afternoon,
14 November and it is requested that the authors
be present in front of their posters at these times to
discuss their data. Poster boards are labelled with the
Poster Abstract number.
In addition, a number of poster authors will deliver
8 minute oral presentations summarizing their data
at the close of each morning Session. Those selected
authors should present any electronic material required
to the AV staff on the morning of their scheduled
session.

Recording and Photography
Photography, audio and visual recording of oral
presentations is strictly prohibited during the
conference. Similarly, photography of posters is not
permitted unless with the express permission of the
presenting author.
Attendees should directly ask presenters if they wish
to have copies of presentations or posters.
The conference organisers hope to be able to make
presentations available, with the consent of the
presenters, after the conference via the website and
through publication of selected presentations in a PostConference Proceedings publication.
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Coffee Breaks

Check out

Complimentary tea, coffee and small snacks will be
served at each break. Bottled water will always be
available in the conference room and foyer.

The Westin Hotel check-out time is 12.00 noon.

Breakfast, Lunch, Receptions and Dinner
Breakfast is included for all Westin Hotel residents.
Networking lunches will be held Tuesday to Thursday
from 12.30 to 14.00 in the Foyer of the LICC in
conjunction with the poster viewing sessions. The
Welcome Reception will be held in the Foyer of the
LICC on the 12th
November from 18.00 to 18.45, just prior to the
opening Keynote Lecture. Light snacks and canapés
will be served, together with soft drinks, wine and
beer. Soft drinks and beer will be served at the formal
Poster Session on Wednesday 17.45 to 19.00.
You are free to make your own dinner reservations on
Monday, Tuesday and Wednesday evenings, either at
the Westin Hotel or at one of the many local restaurants
near to the LICC. Dinner reservations are advised.
The Closing Conference Dinner will be held on Thursday
15th November at the Westin Tide Beach area beginning
at 18.45 and finishing at 21.30.

Dress Code
The LICC is located in a secluded beach front area of
Langkawi, selected to provide quiet conversations,
discussions and networking. Langkawi is located in the
tropics and light, comfortable clothing is recommended
for both day and evening occasions. There are no
special dress requirements for evening dining.
Malaysia is a multi-confessional country with a
predominantly Muslim population. We ask that you
respect their traditions.

Message Centre

Your conference registration does not include
accommodation, dinners on Monday, Tuesday and
Wednesday evenings, any extra meals, bar bills or
laundry and other services that you may have used
during your stay. You are kindly requested to settle
your account with the Westin or your alternative
hotel at the end of the conference. For those wishing
to stay on further after the meeting please contact
your hotel to make those arrangements.

Departure
Transport to the Langkawi International Airport is not
included in the Conference package.
Please make your own arrangements for transport to
the airport through your hotel.

Attendee Survey
We are interested to learn your opinion of the
Conference program, structure, location, venue
and any other aspect of BPA 2018. Please fill out
the survey which will be distributed during the
conference. Please hand the completed form to the
Registration Desk prior to your departure. For every
survey that we receive we will donate US$ 10 to
Médecins Sans Frontières.

Contact Information for Westin Guests
The Westin Langkawi Resort and Spa
Jalan Pantai Dato Syed Omar
Kedah
Langkawi 07000
Malaysia
Phone: +60 4 960 8888
www.marriott.com/hotels/travel/lgkwi-the-westinlangkawi-resort-and-spa

The Registration Desk can receive messages for you.
Messages that are not sent directly to you by SMS or
email can be sent to the Westin Hotel c/o AdamHakim.
Abdullah@westinhotels.com
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The BioProcessing Asia
Conference Series
The BioProcessing Asia Conference Series has been created to provide a platform to advance the
contribution of bioprocessing sciences to the provision of effective biopharmaceutical products and
medical interventions in the Asian region. The Conferences are technically focused, forward looking
yet with a pragmatic approach to the best practice in bioprocessing, combining strong science and
technology with Asian healthcare priorities. The Conferences bring together Asian and international
participants once every two years.
As a not-for-profit organization the Series has a vision of creating a forum for the dynamic discussion of
current and new ideas in the fields of science, biochemical engineering, manufacturing and business
development to underpin the advancement of the biopharmaceutical industry in the burgeoning
Asian sector.
The Conference Programmes are assembled by a Scientific Advisory Committee drawn from key
opinion leaders and experts from both academia and industry primarily in Asia.

Previous Conferences
•

BPA 2014, 3–7 November, Langkawi, Malaysia

•

BPA 2016, 5–8 December, Phuket, Thailand

On each occasion these Conferences have attracted over 100 biopharmaceutical experts from at
least 16 Asian countries, including China, South Korea, Singapore, Malaysia, India, Japan, Thailand
and Australia.
Keynote speakers have included Prof Jane Cardosa, former Advisor to the Gates Foundation, Prof
Charles Cooney from MIT, Arun Chandavarkar, CEO at Biocon Ltd., Prof Nigel Titchener-Hooker,
University College London, and Jan M Bult, Chairman of the Plasma Protein Therapeutics Association.

Organizing Committee
John Curling

Günter Jagschies

Mats Gruvegård

(BPA Founder and Chair)
John Curling Consulting AB
Uppsala, Sweden

(Co-chair, Chair,
Scientific Advisory Committee)
GE Healthcare Life Sciences
Freiburg, Germany

(Co-chair)
GE Healthcare Life Sciences
Uppsala, Sweden

Supporting organizations
GE Healthcare Life Sciences is the Principal Sponsor and Underwriter of BioProcessing Asia.
The conference is also supported by sponsorship from the biopharmaceutical industry.

BioProcessing Asia is a biopharmaceutical science and technology focused Conference Series
registered in Sweden as a non-profit Association. Opinion leaders and experts in bioprocessing meet
every 2 years to further the research, development and manufacturing of biopharmaceutical,
vaccine and blood plasma products needed in Asia. Organisation No: 802503-6792.
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Scientific Advisory Committee

Yuki Abe
Director of Bioprocess Economic Modeling &
Design, Biopharm Services, Chesham, UK
Expertise: Whole bioprocess design and bioprocess
economics (antibodies, gene therapy, vaccines), process
simulation, supply chain, knowledge management,
business development

Dorothee Ambrosius
Head of CMC Strategy Biologicals, Boehringer
Ingelheim, Biberach, Germany
Expertise: Bioprocess development (drug substance and
drug product), NBEs and biosimilars development, CMC
and comparability concepts, QbD tools

Swapnil Ballal
Senior Director Quality Assurance, Biologics, Dr.
Reddy’s Laboratories, Hyderabad, India
Expertise: GMP manufacturing, process development,
analytics, process validation and QA

n Arindam Bose
Independent Biotechnology & Bioprocessing
Consultant, AbiologicsB, LLC, Stonington, USA

Himanshu Gadgil
Director & CSO, Enzene Biosciences, Pune, India
Expertise: Product development and launches - biosimilars
in India and Europe

Lakshmikanth Gandikota
Vice President, Innovation Science and
Technology, Intas Pharma, Ahmedabad, India
Expertise: Biosimilars and vaccines development and
manufacturing, analytical research and development

Aaron Goerke
Director, Head of Manufacturing Sciences
and Technology, F. Hoffmann-La Roche Ltd.,
Singapore
Expertise: Vaccines, biologics, process development,
manufacturing, CMOs, health authorities, process
capability, process monitoring, quality systems, technology
transfers, cell-free protein synthesis, data and knowledge
management, data analytics, change management.

Günter Jagschies
Strategic Customer Relations Leader,
GE Healthcare, Freiburg, Germany

Expertise: Bioprocess development, biosimilars,
manufacturing strategy, external sourcing, corporate
biotech strategy

Expertise: Manufacturing strategy, process integration,
process economics, downstream processing, global
healthcare priorities

n Jan M Bult
President & CEO, Plasma Protein Therapeutics
Association, Annapolis, USA

Racho Jordano
President & CEO, JHL Biotech, Wuhan, China

Expertise: Global industry trends, global healthcare
priorities, advocacy, identifying technical, legal and
regulatory barriers impacting patient access to care

Charles Cooney
Professor of Chemical Engineering,
Massachusetts Institute of Technology,
Cambridge, USA
Expertise: Integrated bioprocessing, upstream and
downstream technologies, bioprocess simulation

n Suzanne Farid
Professor, Co-Director of the Future Targeted
Healthcare Manufacturing Hub, University
College London, London, UK
Expertise: Decisional tools, bioprocess economics, drug
development cost modelling, capacity planning, portfolio
management, risk analysis, multi-criteria decision-making,
multi-objective simulation & optimisation, multivariate data
analysis

n Session chair
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Expertise: Building and starting companies, international
product registration

n Subhash Kapre
CEO, Inventprise, Seattle, USA
Expertise: Development and manufacturing of human
vaccines, new solutions to make biological products safe
and stable

Ashok Kumar
President, Center for Research & Development,
IPCA, Mumbai, India
Expertise: Innovative research and development of
biosimilars

n Ineui Lee
Professor, University of Kobe, Kobe, Japan
Expertise: CMC related development, CMC regulatory
affairs, process evaluation/validation

Scientific Advisory Committee

n Linda Hwee-Lin Lua
Professor & Protein Expression Facility Director,
University of Queensland, Brisbane, Australia
Expertise: Protein production technologies, vaccine
engineering and bioprocessing, virus-like particle
technology

Hanuman Mallubhotla
Research Director, Syngene International,
Bangalore, India
Expertise: Downstream processing development
for recombinant protein therapeutics, CMC package
development (EMA)

n Geoffrey Pot
Vice President, Head of Technical Services, Shire,
Lessines, Belgium
Expertise: Internal and external manufacturing strategy,
plasma, cell culture, quality, scale down models

Nigel Titchener-Hooker
Dean of Engineering and Professor of
Biochemical Engineering, University College
London, London, UK
Expertise: Advanced biochemical engineering, downstream
processing technology, scale down modelling

Nihal Tugçu
Executive Director, Dowsntream Process
Development and Engineering for Biologics,
Merck & Co, Kenilworth, USA
Expertise: Purification process development, advanced
manufacturing technologies, productivity and COGs
optimization, process analytical technologies (PAT), clinical
manufacturing

Johnson Varghese
Executive Director, Head of Analytical
Development Biologics, Celgene, Summit, NJ,
USA
Expertise: Analytical research and development, CMC,
analytical control strategy development

Hari Pujar
Vice President, Tech Development and
Manufacturing, Moderna Therapeutics,
Cambridge, USA
Expertise: Vaccine process development and
manufacturing, strategic oversight of R&D, manufacturing
and commercial activities, process, analytical, formulation
development, manufacturing, QC, CMC, development of a
new modality for human therapy

n Anurag Rathore
Professor, Department of Chemical Engineering,
Indian Institute of Technology, New Delhi, India
Expertise: Bioprocessing, bioseparations, scale-up,
technology transfer, process validation, QbD, PAT,
biosimilars

Pranhitha Reddy
President, Gene to BLA Consulting, LLC,
Seattle, USA
Expertise: Drug development, regulatory strategy, cell
engineering, cell culture process development

n James Weidner
Executive Director, Process Development,
Amgen, Singapore
Expertise: Process development, manufacturing,
engineering and automation in commercial facilities

n Rolf Werner
Professor of Industrial Biotechnology,
University of Tübingen, Tübingen, Germany
Expertise: Viral clearance validation, viral therapeutics,
novel affinity resins and membranes, SU equipment
facility design, Mab processes, biosimilars processes and
biosimilarity

Jinyou Zhang
Senior VP, Head of Bioprocess Development
and Manufacturing, BeiGene, Suzhou, China
Expertise: Bioprocess development, cGMP
biomanufacturing, CMC, media/cell culture, CMO
management, facility, manufacturing quality

Arne Staby
Senior Principal Scientist, Novo Nordisk,
Copenhagen, Denmark
Expertise: Manufacturing strategy, downstream processing,
IPR, life-cycle management, mathematical modeling
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Sponsors
We are grateful to GE Healthcare Life Sciences, the Principal Sponsor of BioProcessing Asia 2018
and our other sponsors from the biopharmaceutical industry and it’s organisations.
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Accelerate your
bioprocess journey
Speed and efficiency are crucial aspects of biomanufacturing. The right supplier can contribute
to your success. Discover how our pioneering technologies, agile services, and ability to design
and construct complete facilities improves speed to market.
Engage with GE to access industry expertise and insights to accelerate your bioprocess journey.

gelifesciences.com/bioprocess
GE and the GE Monogram are trademarks of General Electric Company.
© 2018 General Electric Company.
GE Healthcare Bio-Sciences AB, Björkgatan 30, 751 843 Uppsala, Sweden

29204212 AB 10/2018
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TRANSFORMING THE LANGUAGE
OF LIFE INTO VITAL MEDICINES
At Amgen, we believe that the answers to medicine’s
most pressing questions are written in the language of
our DNA. As pioneers in biotechnology, we use our deep
understanding of that language to create vital medicines
that address the unmet needs of patients fighting serious
illness – to dramatically improve their lives.
For more information about Amgen, our pioneering
science and our vital medicines, visit www.amgen.com

Amgen is a proud sponsor of
the BioProcessing Asia Conference
2018 Series

©2018 Amgen Inc. All rights reserved.
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Sanofi Pasteur
www.sanofipasteur.com

Explore partnering with Sanoﬁ Pasteur
Building on its history of successful collaborations, Sanofi Pasteur, the vaccines Global Business Unit
of Sanofi, is seeking partners with a common drive for excellence and pursuit of innovation.
Not only is Sanofi Pasteur at the forefront of conquering newly targeted diseases, but the company
is also leading the way in expanding immunization
across all age groups, including adolescents and the
elderly. This leadership has translated into outstanding success in the industry.
Sanofi Pasteur is interested in partners who will
share in the pursuit of innovation and the company’s
drive for excellence while becoming a part of its market success story. “We welcome the opportunity to
evaluate technologies related to the development
and production of human vaccines, both prophylactic and therapeutic, including vaccines for chronic
infectious diseases,” said Roman Chicz, global head
of external research and development.

Sanoﬁ Pasteur is interested in potential partnering opportunities in
the ﬁeld of active and passive human immunization for infectious
diseases, as well as technologies supporting product development
and industrial performance, including in the following areas:
Vaccines, monoclonal antibodies and supporting technologies for prevention and treatment of
infectious diseases
• Novel antigens and methods for antigen discovery and characterization
• Vaccine vectors suitable for nasal or oral use
• New ways to administer vaccines
• Carrier proteins and protein-polysaccharide conjugation methods or alternative technologies
Agents to enhance vaccine immune responses
• Adjuvants and immunomodulators
• Vaccine vectors and delivery systems intended to enhance or modify immune responses
• Biological and immunological studies to further characterize adjuvants and immunomodulators
Characterization and assay of immune responses and disease markers
• Animal models of human diseases
• Biological markers for evaluating the efficacy of prophylactic or therapeutic interventions
• In vitro models of human tissues, including the immune system
• Epidemiological studies relevant to the use of vaccines and immunotherapeutics
• 3D tissue models

A volunteer is vaccinated during clinical testing
of Sanofi Pasteur’s dengue vaccine. Sanofi
Pasteur is improving global human health by
discovering, developing, manufacturing and
supplying vaccines for the prevention and
treatment of infectious diseases. Sanofi Pasteur’s
new vaccine to prevent dengue is now licensed in
fourteen countries. Dengue is a threat to about half
of the world’s population and a health priority in
many countries of Latin America and Asia where
epidemics occur. Currently, there is no specific
treatment available for dengue fever. Sanofi
Pasteur’s goal is to make dengue the next vaccinepreventable disease and to support the World
Health Organization’s effort to reduce dengue
mortality by 50% and morbidity by 25% by 2020.

Sanofi Pasteur has a strong commitment to establishing research and development partnerships with
major universities, research institutes, government
bodies, biotechnology companies and contract
research organizations. The company’s collaborations
cover virtually all aspects of vaccine development,
including early-stage research.
Examples of current partnerships and technology
investments include a protective mAb against RSV
infection for infants, vaccine candidates against Zika
virus, RSV, HSV, S. pneumoniae, and broadly protective
influenza; pediatric combination vaccines; large-scale
cell-culture based virus production; adjuvants and
immunomodulators; conjugate vaccine production;
and vaccine delivery systems.
A company partnering with Sanofi Pasteur interacts with a multidisciplinary team that has years of
experience in working to ensure that partnerships are
executed successfully and nurtured for the mutual
benefit of all parties. This approach utilizes the valueadded Sanofi Pasteur alliance management capability, which focuses on the relationship by facilitating

open communication, trust, understanding and clear
expectations across the project life span.
Combined with the technical competency of the
alliance, this balance provides a well rounded environment in which novel technologies can flourish.
Currently, 100% of its preclinical portfolio and ~65%
of its clinical portfolio has a partnering component.
Sanofi Pasteur welcomes information about new
partnership opportunities. Each opportunity is
carefully evaluated and reviewed by its dedicated
team.

contact

© Sanofi Pasteur

Tools for improving vaccine and monoclonal antibody research, development and production
• Development and application of new technologies in the areas of genomics and proteomics
• Prokaryotic or eukaryotic cell lines for antigen production
• Fermentor and bioreactor technology
• Disposable systems
• Online testing
• Downstream processing, purification and aseptic filling processes
• Process automation
• Preservatives and stabilizers
• Bioinformatics techniques for modeling, data handling and analysis
• Anti-counterfeiting technology

Roman Chicz, Head,
External Research and Development
Tel: +1-617-866-4562
Email: roman.chicz@sanofi.com
Jean-Louis Grunwald, Vice President,
Business Development
Tel: +65 64 31 22 10
Email: jean-louis.grunwald@sanofi.com
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Always
Innovating
Every day, we strive to
develop best-in-class
products, many of which
are available in more than
100 countries worldwide.
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Supplier Technology Showcase
Share
Suppliers can share new
technology with select
BioSolve Process users
approved by them;

Evaluate
Users can evaluate the
very latest models of
supplier technology and
store equations inside
BioSolve Connect;

Secure
Suppliers can transfer
various unit operations
and processes through
the secure Microsoft
Azure platform to the
approved BioSolve
Process community.

Securely access the latest supplier technologies.

www.BiopharmServices.com

BioSolve Full page Ad.indd 1
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10/22/18 10:07

Programme
Monday 12 November
14.00

Registration starts | Poster setup |

18.00

Welcome Reception |

18.45

WELCOME ADDRESS

19.00

KEYNOTE ADDRESS

LICC Foyer

LICC Foyer
John Curling, Conference Chair

Thoughts on Securing Sustainable Growth in the Biosimilar World
Ashok Kumar, President, Center for Research & Development, Ipca Laboratories Ltd., Mumbai, India

19.45

Close of Session
Free evening |

Dinner on your own

Tuesday 13 November
08.15   SESSION 1  
   DISEASES, TREATMENTS AND THE FUTURE OF BIOPHARMACEUTICALS  
Chair: Rolf G Werner, Professor of Industrial Biotechnology, University of Tübingen,
Tübingen, Germany
Chair: Arindam Bose, Independent Biotechnology & Bioprocessing Consultant, AbiologicsB,
LLC, Stonington, CT, USA

08.30

101 Applying Old Know-how to New Challenges: the Manufacturing of Emerging
Therapeutic Modalities
Uwe Gottschalk, Lonza Pharma Biotech, Basel, Switzerland

09.00

102 Development and Commercialization of Biosimilars in India – Current Regulatory and
Clinical Experience
Ankita Bhargava*, Srishti Joshi, Neh Nupur, and Anurag S Rathore
Indian Institute of Technology, Delhi, India

09.30

103 Analytical Challenges Associated with Complex Biologics Including CAR-T
Johnson Varghese, Celgene, Summit, NJ, USA

10.00
10.30

Morning Break
104 A Bispecific Antibody YBODY® for Cancer Immunotherapy: Platform Manufacturing
Process and Development Challenges
Jianzhong Hu*, Jizu Yi, and Pengfei Zhou, Wuhan YZY Biopharma Co., Ltd, Wuhan, China

11.00

105 The Diabetes Endemic and Consequences for Public Health and Cost in Asia
Arne Staby, Novo Nordisk, Bagsværd, Denmark
*Denotes presenter.
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11.30

106 Mammalian Cell Culture Bioprocesses – Ten Thought Provoking Views
Günter Jagschies, GE Healthcare Life Sciences, Freiburg, Germany

12.00

SHORT ORAL PRESENTATIONS

Posters 701, 703, and 705. For titles see Poster list.

Chair: Ankita Bhargava, Indian Institute of Technology, Delhi, India

12.30

Poster Viewing and Networking Lunch

14.00    SESSION 2: INNOVATION AND IMPLEMENTATION  
   OF CREATIVE TECHNOLOGIES IN DRUG DEVELOPMENT  
Chair: James Weidner, Executive Director, Process Development, Amgen, Singapore

14.15

201 Manufacturability of Viral Therapeutics
Rolf G Werner, University of Tübingen, Tübingen, Germany

14.45

202 Continuous-in-line Virus Inactivation for Next Generation Bioprocessing
Yanglin Mok* and Michael Phillips, Merck Pte Ltd, Singapore and USA

15.15

203 Challenges and Opportunities for Downstream Process Development of Acidic and
Neutral Monoclonal Antibodies (mAb’s)
Pratap Bade*, Vishal Velhal, Emilia Babu, Irfan Shaikh, Vikrant Bansode, Prudvi Raj, Amritanshu Bhushan,
Indraneel Sanyal, and Hanuman Mallubhotla
Syngene International Ltd, Bangalore, India

15.45
16.15

Afternoon Break
204 Fabs-in-Tandem – a New Platform for Bispecific Antibodies
Chengbin Wu, EpimAb Biotherapeutics, Shanghai, China

16.45

205 Performance Analysis: The Good, the Bad and the Downright Hard to Do
Kathy Wong, Sze Rui Ong*, and Aaron Goerke, Hoffman-La Roche Ltd, Singapore

17.15

206 Cell-free Synthesis: a Liberating Technology to Meet the Demands of Targeted
Therapeutics?
Olotu Ogonah, Noelle Colant, and Daniel G Bracewell*, University College London, London, UK

17.45

Close of Session
Free evening |

Dinner on your own
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Wednesday 14 November
08.15   SESSION 3  
   INTEGRATED APPROACHES FOR VACCINE DESIGN AND MANUFACTURING  
Chair: Linda Hwee-Lin Lua, Professor & Protein Expression Facility Director,
University of Queensland, Brisbane, Australia
Chair: Subhash Kapre, CEO, Inventprise, Redmond, WA, USA

08.30

301 The Story of a Successful Biotech (Ad)Venture: the Development of Flublok
Manon Cox
NextWaveBio, East Haven CT, USA

09.00

302 Monitoring the Reassembly of Virus-Like Particles by Diafiltration with Light
Scattering and UV/Vis Spectroscopy
Matthias Rüdt, Philipp Vormittag*, Nils Hillebrandt, Thorsten Klamp, and Jürgen Hubbuch
Karlsruhe Institute of Technology, Karlsruhe, Germany

09.30

303 Bioprocessing of Adenovirus – Technical and Economic Considerations
Mats Lundgren
GE Healthcare Life Sciences, Uppsala, Sweden

10.00
10.30

Morning Break

KEYNOTE ADDRESS

From R&D Towards Making a Successful Vaccine
Subhash Kapre, Inventprise, Redmond, WA, USA
Director Emeritus and former Executive Director at the Serum Institute of India, Pune, India

11.00

304 Transitioning to End-to-End Membrane Separation Process for Innovative
Vaccine Candidates
Balaji Somasundaram*1, Xin Ni Tay1, and Linda H-L Lua2
1. Australian Research Council Training Centre for Biopharmaceutical Innovation, Australian Institute for Bioengineering and Nanotechnology
2. The Protein Expression Facility, The University of Queensland, Brisbane, Australia

11.30

305 Innovation and Challenges for the Development and Industrialization of Vaccines
Charles Lutsch
Sanofi Pasteur, Marcy-L’Étoile, France

12.00

SHORT ORAL PRESENTATIONS

Posters 707, 710, and 711. For titles see Poster list.

Chair: Anurag Rathore, Indian Institute of Technology, Delhi, India

12.30

Poster Viewing and Networking Lunch
*Denotes presenter.
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14.00   SESSION 4  
   THE RECENT REGULATORY ENVIRONMENT IN ASIA  
Chair: Ineui Lee, Professor, Kobe University, Kobe, Japan

14.15

401 Changes in the Regulatory Environment Affecting Bioprocessing in China
Scott M Wheelwright
Complya Asia Co Ltd, Suzhou, China

14.45

402 Recent Trends of Biopharmaceuticals in Japan – On the CMC Development
and Technical Regulatory Affairs
Ineui Lee
Kobe University, Kobe, Japan

15.15

403 Overview of Analytical and CMC Regulatory Considerations in Biosimilar
Development
Chee-Keng Ng
Biosmilars Pharm Sci, Pfizer, Inc., Lake Forest, IL, USA

15.45
16.15

Afternoon Break
404 Virus Safety for Continuous Processing
Meng-Jung Chiang1, Morven McAlister2, Nigel Jackson2, Kyle Jones2, Mark Pagkaliwangan2, Scott Lute1,
Glen Bolton3, Kurt Brorson1, and Mark Schofield*1
1. CDER, US Food and Drug Administration, Silver Spring, MD, USA
2. Pall Life Sciences, Westborough, MA, USA
3. Amgen, Cambridge, MA, USA

16.45

405 Case Studies in Implementation of QbD and PAT in Bioprocessing
Anurag S Rathore
Indian Institute of Technology, Delhi, India

17.15

406 Pharmaceutical Product Lifecycle Management: ICH Q12
Andrew Chang
Novo Nordisk, Washington, DC, USA

17.45

  POSTER SESSION  

See Session 7 for details, page 49.

Chair: Anurag Rathore, Indian Institute of Technology, Delhi, India
Chair: Ankita Bhargava, Indian Institute of Technology, Delhi, India

19.00

Close of Session
Free evening |

Dinner on your own
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08.15   SESSION 5  
   PLASMA PRODUCT BIOTECHNOLOGY: THE CHANGING ENVIRONMENT  
Chair: Jan M Bult, Plasma Protein Therapeutics Association, Annapolis, MD, USA
Chair: Geoffrey Pot, Shire, Lessines, Belgium

08.30

501 Current Trends in the Global Plasma Fractionation Market
Andrew Goodsall
MST Marquee, Sydney, Australia

09.00

502 Primary Immunodeficiencies; a Model of How to Personalize Medicine
P Martin van Hagen
Clinical Immunology Unit, Erasmus Medical Center, Rotterdam, Netherlands and Chulalongkorn University, Bangkok, Thailand

09.30

503 Development and Production of Safe and Affordable Plasma Derivatives in India:
Opportunities and Challenges
Suma Ray* and Ritesh Saraf
Intas Pharmaceuticals, Celestial Division, Ahmedabad, India

10.00
10.30

Morning Break
504 Development Pathways for Advanced Therapy Medicinal Products - Virus Safety
Challenges and Regulatory Perspectives
Andy Bailey
ViruSure GmbH, Vienna, Austria

11.00

505 Development of CyMES (cylindrical membrane electro-separation):
Providing High-Yield, Modularization and Low-Cost Plasma Fractionation
Olivier Laczka, Ante Jerkovic, Matthew Kolibac, Kailing Wang, and Hari Nair*
AEGROS Biopharma, Parramatta, Australia

11.30

506 Development of an Improved Purification Method for Production of Lyophilised and
Liquid Fibrinogen Concentrate
Hung Pham* and Yvette Citrine
CSL Behring, Melbourne, Australia

12.00

SHORT ORAL PRESENTATIONS

Posters 718 and 720. For titles see Poster list.

Chair: Ankita Bhargava, Indian Institute of Technology, Delhi, India

12.30

Poster Viewing and Networking Lunch
*Denotes presenter.
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14.00   SESSION 6: EVALUATING AND   
  IMPLEMENTING DISRUPTIVE MANUFACTURING STRATEGIES  
Chair: Suzanne Farid, Professor of Bioprocess Systems Engineering, Co-Director of the Future
Targeted Healthcare Manufacturing Hub, University College London, UK
Chair: Sze Rui Ong, Head of Technology and Innovation, Technical Operations, Roche Singapore,
Singapore

14.15

601 Cost of Goods and Supply Chain Analysis for Cell Therapy Manufacture
Suzanne S Farid
University College London, London, UK

14.45

602 Integrating Innovations for the Cell Therapy Industry: a National Ecosystem
Kelvin Ng
The Agency for Science, Technology and Research (A*Star), Singapore

15.15

603 Combining High-Productivity Fibre Adsorbent Material with the PrismA Protein A
Ligand at Pilot Scale
Iwan Roberts
GE Healthcare Life Sciences, Uppsala, Sweden

15.45
16.15

Afternoon Break
604 Lessons Learned for Commercial Implementation of Disruptive Technologies
Peter Rodriguez
Amgen, Singapore

16.45

605 New Technology Adoption within Efficient Facilities while Maintaining Regulatory
Compliance
Steve Hohwald*, Bonnie Shum, Divya Vasudevan, and Kara Calhoun
Genentech, South San Francisco, CA, USA

17.15

606 Disruptive Technology in Vaccines: Case Study of Recombinant CRM197 as a Carrier
Protein in Bacterial Conjugate Vaccines
Akshay Goel In Memoriam
Biological E, Hyderabad, India

17.45

POSTER PRIZE AWARD

Günter Jagschies, Chair, Scientific Advisory Committee
18.00

SUMMING UP BPA 2018

Linda Hwee-Lin Lua, University of Queensland, Brisbane, Australia
18.30

CLOSING REMARKS

John Curling, Conference Chair
19.30

Dinner |

Westin Tide Beach Area
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Poster list
Short oral presentations marked with n
n 701

Joining up the Dots – Ensuring What We Develop is Both Needed, Accessible and
Builds Capacity
Fatim Lakha*1, Lalintip Hocharoen2, Panit Kitsubun2,3, Peera Jaru-Ampornpan3, Anan Jongkaewwattana3, Stuart
Haslam4, Anne Dell4, Mark Smales5, Colin Robinson5, Tarit Mukhopadhyay6, Daniel Bracewell6, and Richard Coker1
1. London School of Hygiene and Tropical Medicine, Mahidol University, Bangkok, Thailand; 2. King Mongkut’s University of Technology Thonburi,
Bangkok, Thailand; 3. National Center for Genetic Engineering and Biotechnology, Bangkok, Thailand; 4. Imperial College, London, UK; 5. University of
Kent, Canterbury, UK; 6. University College London, London, UK

702

Establishing biopharmaceutical and animal vaccine production capacity in Thailand and
neighbouring South East Asian countries: A UK-Thai partnership
Maria Livanos*6, Lalintip Hocharoen2, Panit Kitsubun2,3, Peera Jaru-Ampornpan3, Fatim Lakha1, Richard Coker1,
Stuart Haslam4, Anne Dell4, Mark C Smales5, Colin Robinson5, Tarit K Mukhopadhyay6, and Dan G Bracewell6
1. London School of Hygiene and Tropical Medicine, Mahidol University, Bangkok, Thailand; 2. King Mongkut’s University of Technology Thonburi,
Bangkok, Thailand; 3. National Center for Genetic Engineering and Biotechnology, Bangkok, Thailand; 4. Imperial College, London, UK; 5. University of
Kent, Canterbury, UK; 6. University College London, London, UK

n 703

Virus Clearance from Conventional and Unconventional Process Steps in Biologics
Rahul Fadnis, Prabhu Rudrappa*, Naveen Gujjar, and Shweta Aggarwal
Syngene International Ltd, Bangalore, India

704

Peptide Dendrons – Novel Excipient To Stabilize IgG1 Monoclonal Antibody Formulations
Ankita Bhargava*, Rohit Bansal, Soumili Chattopadhyay, Govind P Mauraya, V. Haridas, and Anurag S Rathore
Department of Chemical Engineering, Indian Institute of Technology, Delhi, India

n 705

Process economy impact of using a highly alkaline-stable, high-capacity protein A
chromatography resin
Hans Blom, David Westman, Josefin Bolik, and Sofie Stille*
GE Healthcare Life Sciences, Uppsala, Sweden

706

Monoclonal Antibody Aggregate Removal using POROS Hydrophobic Interaction
Chromatography (HIC) Resins in Bind-Elute Mode
John J Li, Stephen Hattan, Rachel Jansen, Wenbin Qi, Alejandro Becerra, and Moira Lynch
Thermo Fisher Scientific, Singapore

Presented by Siow Leng Sim

n 707

LC-MS/MS Assessment of Monoclonal Antibody Stability: Monitoring Tryptophan and
Methionine Oxidation
Kalaiyarasi Duraisamy, Trupta Gandhi, Monika Raina, and Ravi Krovidi*
Syngene International Ltd, Bangalore, India

708

Downstream Purification Solutions for Viral Vectors: Enabling Platform Approaches to
Advance Cell and Gene Therapies
Orjana Terova, Jessica de Rooij, Stephen Soltys, Shelly Parra, Pim Hermans, and Frank Detmers
Thermo Fisher Scientific, Singapore

Presented by Siow Leng Sim

709

Assessment of Functional Activity of Biological Products
Niharika Budholiya*, Rozaleen Dash, Neh Nupur, and Anurag S Rathore
Department of Chemical Engineering, Indian Institute of Technology, Delhi, India

n 710

Opportunities, challenges, and economic drivers for start-to-finish continuous
biomanufacturing
Liselotte Molander and Avril Vermunt*
GE Healthcare Life Sciences, Uppsala, Sweden
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n 711

How Extractables Data Can Be Used To Mitigate Risk in Bioprocessing
Sade Mokuolu
WMFTG Biopure, Wilmington, MA, USA

712

Study of Blood Type Antibody Elimination from IVIG using Anti-A/B Eshmuno P
Chromatography Resins
Yujuan Shao
Shandong Taibang Biological Products Co., Ltd, Taian, China

Presented by Dianwei Song

713

Understanding the Science Behind Liquid Leak and Microbial Ingress Mechanisms as the
Foundation for Single Use Container Closure Integrity (SU-CCI)
Marc Hogreve, Jean-Marc Cappia, and Carole Langlois
Sartorius-Stedim Biotech, Göttingen, Germany

Presented by Luke Coxon

714

Setting Up of a Plasma Fractionation Plant in India: Challenges and Opportunities
Ranjeet S Ajmani
PlasmaGen BioSciences, Bangalore, India

715

Purification of Plasma-derived Factor IX Using a Highly Selective and Specific Affinity Resin
Amit Pawar, Sheetal Dolia, Sumita Bardhan, Ritesh Saraf*, and Suma Ray
Intas Pharmaceuticals, Celestial Division, Ahmedabad, India

716

Automation of cell bleeding in CHO perfusion culture by on-line oxygen transfer
measurements as viable cell density indicator
Felix Roth1,2*, Stephen Goldrick1,2, Christopher Spencer2, RichardTurner2, Martina Micheletti1, and Suzanne S Farid1
1. University College London, London, UK
2. MedImmune, Gaithersburg, MD, USA

717

Scale-Up of an End-to-End Continuous BioProcessing Platform for Manufacture of Biologics
Peter Levison
Pall Biotech, Portsmouth, UK

n 718

Pall Cadence Acoustic Separator for Continuous Perfusion Cell Culture: Cell Retention
Device and Downstream Filtration
Michael Collins
Pall Biotech, Portsmouth, UK

Presented by Peter Levison

719

Simplification of Buffer Management and Improvement of Buffer Control with Inline
Conditioning (IC)
Karolina Busson, Enrique Carredano, Jenny Dunker*, and Debora Otero
GE Healthcare Life Sciences, Uppsala, Sweden

n 720

Leveraging Synthetic Biology to Improve Cost of Production
Brian Taylor, Zymergen
Emeryville, CA, USA

*Denotes presenter.
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Monday 12 November
  KEYNOTE ADDRESS  

Thoughts on Securing Sustainable Growth in the Biosimilar World
Ashok Kumar
President, Center for Research & Development, Ipca Laboratories Ltd., Mumbai, India
Biologics, the complex recombinant therapeutic proteins produced from living organisms,
have created immense value to patients due to their usefulness in the management of a
variety of dreaded diseases like cancer and autoimmune disorders. It is this attribute of
providing unmet medical need that facilitated biologics to create a niche for themselves in
pharmaceutical research and business. The presence of more than 50% biologics in the list
of top 10 global blockbusters justifies the continued research on this class of molecules to
delineate all scopes related to their utility.
‘Biosimilar biologics’, also known as ‘follow-on biologics’ are generic versions of the approved
biological drugs, but are significantly different from the parent molecules due to their variable
compositions. However, considering the development of biosimilars to be as simple as
developing DMF/ANDAs and the experience of generic small-molecule drugs good enough
to be successful in this business as well, various pharmaceutical companies across the globe
have ridden the biosimilar development wave to tap the global markets.The anticipated market
for these biosimilars is predicted to reach USD 35 billion by 2025.
Based on the projected sales figures,the biosimilars business appears to be very lucrative.
However, when the focus of most of the players in this field is the development of just the
best few 10–15 target products, it is not too difficult to visualize that their commoditization
may be faster than what happened to small generic drugs, raising a question about the
long term sustainablity of this approach. It is pertinent to highlight here that the cost for
the development of a protein drug is much higher (USD 100–200 million) than any smallmolecule drug (USD 2–5 million), because not only does it require a highly cost intensive R&D
program but also a manufacturing facility at a potential cost of USD 200–500 million. and
professionals with knowledge and skill sets to handle proteins. This is markedly different from
small molecule drug development and manufacture since it involves living systems and the
biochemistry of the host, which are key to sustaining its life as well as the expression of the
desired product.
Since long term sustainable growth is pivotal to the health of every business, the talk will
make an effort to highlight the issues/challenges likely to impact the sustainability of the
business of biosimilar therapeutics and also ways to address it by using existing knowledge
with some amount of common sense.
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Tuesday 13 November
  SESSION 1  
   DISEASES, TREATMENTS AND THE FUTURE OF BIOPHARMACEUTICALS  

Arindam Bose, Independent Biotechnology & Bioprocessing Consultant, AbiologicsB, LLC,
Stonington, CT, USA
Access to affordable approaches for the management of diabetes, where the number of
patients is increasing rapidly is a particularly pressing challenge throughout Asia. Immuneoncology holds the potential for cancers to become manageable diseases. Advanced
strategies using cell and gene therapies or antibody-like drugs with much enhanced potency
are needed in developing economies undergoing rapid change of their disease burden from
infectious to mainly non-communicable disease. Vaccines but also other preventive measures
will play an important role in the prophylaxis and containment of known and emerging
diseases. This session reviews the factors shaping the future of healthcare in Asia.

SESSION 1

Rolf G Werner, Professor of Industrial Biotechnology, University of Tübingen, Tübingen, Germany

*Denotes presenter.

  101  

Applying Old Know-how to New Challenges: the Manufacturing of Emerging
Therapeutic Modalities
Uwe Gottschalk, Lonza Pharma Biotech, Basel, Switzerland
• Lessons learned from MAb manufacturing are benefitting emerging areas of targeted therapies and
vice versa
• Future formats in Gene- and cell therapy production will leapfrog current standards in biomanufacturing
• After single use technologies and continuous processing, patient scale manufacturing will be the next
Innovation wave
• Change and technological transformation is accelerating
The biopharmaceutical industry relies on change to make progress in a commercial environment that
simultaneously demands higher productivity, higher quality, and lower costs. We are currently seeing a
spread between the “commoditization” of biotech drugs with biosimilars coming online and emerging
treatment options such as cell and gene therapy for which manufacturing standards are getting established.
Biomanufacturing processes have become generic, robust, and efficient but cannot be directly applied to new
modalities and new manufacturing formats. The future of biomanufacturing is likely to rely more on innovation
and flexibility than on traditional strength, such as large facilities and the financial muscle to invest in them.

  102  

Development and Commercialization of Biosimilars in India – Current Regulatory and
Clinical Experience
Ankita Bhargava*, Srishti Joshi, Neh Nupur, and Anurag S Rathore
Indian Institute of Technology, Delhi, India
The Indian biotechnology sector is one of the fastest growing knowledge-based sectors. This sector is
valued at over US$10 billion, with a compound annual growth rate (CAGR) of 20.0% over the last decade.
India ranks among 12 biotech destinations in the world, with the third position in Asia, after China and
South Korea. The Indian Pharmaceutical Industry has acquired a noteworthy position in the global pharma
sector and has been achieving significant growth in the recent years and now it is looking to replicate its
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success in the manufacturing of biotech therapeutics. The biopharmaceuticals segment, which accounts
for two-thirds of the Indian biotech sector’s revenue, offers significant prospects for growth in the coming
years. One estimate predicts that the Indian pharma market will grow at the CAGR of 22.4% to touch
US$ 100 billion by 2025. Biopharmaceuticals have been in the market for more than 20 years and have
revolutionised medicine, advancing the treatment of diseases from rheumatoid arthritis to cancers.
A diverse set of products have been commercialized including hormones, immuno-modulators, monoclonal
antibodies (mAbs), blood coagulation factors, enzymes and vaccines. Biosimilars are an important and
relatively new category of biopharmaceuticals and they constitute 2.5% of the Indian pharmaceutical
market.Their gradual adoption is likely to improve accessibility to this class of therapeutic products. Since
Central Drug Standard Control Organization (CDSCO) introduced the revised biosimilar guidelines in 2016,
several Indian pharma companies are making significant investments into biosimilar development and
production into global markets. Currently, India is one of the leading contributors in the world biosimilar
market with market authorization for over 50 biosimilars and follow a step-wise similarity approach,
including the need to demonstrate similar quality during manufacturing and non-clinical testing. In addition,
India has successfully demonstrated its ability to make affordable, high-quality pharmaceutical products for
the world. This fact is validated by the trend that share of Indian made pharmaceutical products in the US
market has been constantly increasing and is presently more than 30%.

  103  

Analytical Challenges Associated with Complex Biologics Including CAR-T
Johnson Varghese, Celgene, Summit, NJ, USA
Developing a robust control strategy for the commercial manufacturing of biologic/Cell therapies is
a multistep/staged approach. Successful commercialization requires a keen understanding of the
manufacturing process, analytics, and product attributes that impact safety and efficacy.
The case studies presented here discusses the approaches taken by Celgene teams to develop control
strategies for a complex Fc-Fusion molecule and CAR-T to support commercialization.

  104  

A Bispecific Antibody YBODY® for Cancer Immunotherapy: Platform Manufacturing
Process and Development Challenges
Jianzhong Hu*, Jizu Yi, and Pengfei Zhou, Wuhan YZY Biopharma Co., Ltd, Wuhan, China
The binding of at least two antigens or eptitopes with one single bispecific antibody is a promising strategy
for cancer immunotherapy. Bispecific antibodies can enhance binding specificity or tumor killing by one
or more the followings: 1) blocking of two cell surface receptors or two ligands; 2) cross linking of two
receptors; 3) redirecting specific immune effector cells to the tumor cells. In addition to their potential to
improve the therapeutic efficacies, bispecifics offer an opportunity to substantially reduce costs associated
with process development, manufacturing, clinical testing, and regulatory approval compared to single
biologics developed in combination therapies. Currently, more than 100 different bispecfic antibody formats
are in preclinical and clinical development, and three bispecific products are on market. To speedup project
timeline, save development efforts as well as streamline tech transfer and large-scale manufacturing,
platform manufacturing process is desirable for bispecific antibodies. However, development challenges
of bispecifics such as instability of intermediates or products, low expression level, purification difficulty,
etc., have been continuously faced since the first bispecific antibody was born in 1960s. These challenges
also complicate the development of a platform manufacturing process for bispecific molecules with the
same structural format. This presentation discusses the progress and challenges in developing a platform
manufacturing process for a bispecific antibody, YBODY®. This platform process produces batches of clinical
supplies of YBODY® bispecific antibodies with consistent quality.
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  105  

The Diabetes Endemic and Consequences for Public Health and Cost in Asia
Arne Staby, Novo Nordisk, Bagsværd, Denmark
Diabetes continues to grow world-wide as a result of change in nutrition and general behaviour of the
population in all countries including the Asian region. According to “the rule of halves” only one person in
16 is in proper control of their diabetes out of an estimated global patient base of more than 400 million
people. The number of diabetes-related complications is thus increasing dramatically resulting in loss of
quality of life for patients and a huge economic burden for health care systems in the affected countries.
A number of international efforts are undertaken to both prevent and treat diabetes, including both nature
medicines naturally growing in affected areas as well as access to cheaper and/or advanced medicines for
diabetes treatment, including both small molecules like metformin, polypeptides/proteins like insulin, and cell
therapies. However, setting up an economical feasible production of proper and cheap quality products for
late stage diabetes treatment remains a challenge despite expiry of key patents for most of these products.
This presentation will aim at providing a review of current challenges related to diabetes care with focus
on Asia and of essential challenges in providing cheap medicines to patients due to impediments in
development and manufacturing.

  106  

Mammalian Cell Culture Bioprocesses – Ten Thought Provoking Views
Günter Jagschies, GE Healthcare Life Sciences, Freiburg, Germany
Therapeutic proteins, vaccines and – further away – cell and gene therapies are considered essential to find
efficacious interventions and preventive measures to a rather long list of prioritized needs in healthcare. The
challenge is developing into a ‘tsunami’ of sorts as the global demographic transition causes populations to
age, dramatically accelerating the growth of non-communicable disease (NCD) in all parts of the world. India
and China are the markets with the largest patient population for almost any NCD, or they are going to be in
that position soon.
Competition in this field is ramping up with an intensity that was previously unknown. Not only are there
typically five to ten molecules from western originator companies for the same medical indication, but now
there is finally also a huge wave of biosimilars entering the global markets. Asia is a hotspot in three ways:
as the largest future market, as a location for manufacturing, and as an area with growing significance for
the development of biologics.
These developments all focus management teams onto financial performance of their businesses, namely
via pricing of drugs and vaccines and cost of operations, not the least manufacturing cost. Different
approaches to think about setting up manufacturing, technologies such as continuous processing and
incorporation of single-use equipment into routine large scale production are all part of this economic
improvement discussion. Individualized therapies at the extreme for just one patient are an exciting
medical route but process scientists and regulatory affairs must have nightmares over cost and approval
challenges. Healthcare payers are already alarmed looking at annual treatment costs between $10’s to 100’s
of thousands per patient with current therapies produced with the best of todays’ manufacturing tools.
Regulators find proteins complex enough, cells must look like ‘mission impossible’ to them with today’s
approaches. The discussion about future strategies and technical approaches goes far beyond the science
and the engineering of bioprocesses.
This presentation aims to describe the future scenario with its challenges, extract what was truly successful
in the past, but then also de-mystify some of the hype topics in technology often considered as the holy
grail of future manufacturing. Finally, there will be more questions than answers and these shall be the
framework for this conference the ones to come.
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   SESSION 2: INNOVATION AND IMPLEMENTATION  
   OF CREATIVE TECHNOLOGIES IN DRUG DEVELOPMENT  

Creative methods for engineering unique therapeutic properties into a drug, and relevant
process and formulation technologies are all essential elements for bringing various cures to
patients in need. Biosimilars, biobetters, new molecular modalities (ADCs, and bispecifics),
cell and gene therapies all require an array of innovative solutions including but not restricted
to process intensification, continuous processing, modular and scale out technologies and
new formulation and delivery devices.
This session focuses on the implementation of innovative technologies from all areas of drug
development including protein engineering, process engineering, formulation and delivery.
Presentations in this session address disruptive technologies and process innovations that
improve safety, efficacy and delivery of drugs to patients highlighting innovations while
addressing sustainability and cost to patients in Asia.

*Denotes presenter.

  201  

Manufacturability of Viral Therapeutics
Rolf G Werner, University of Tübingen, Tübingen, Germany
Advanced Therapeutic Medical Products (ATMP) are emerging to the market. The first ATM’s have been
approved, a number of ATMP’s are under regulatory review, clinical trials and early stage development.
In this aspect scaleability becomes an issues. Based on vaccine production processes a number of host
cells for viral therapeutics are adherent cell cultures growing in FBS. Complications for a closed system
are in scale up of the adherent cells, which might need labor intensive trypsinization at each scale up
step. Alternatively adherent cells can be adapted to growth in suspension, or viral vectors are propagated
directly in suspension cells. These cells can be grown in serum free, defined media preventing potential
contamination with adventitious viruses. Scale up is straight forward in 1:5 ratio up to 4,000 L SUB. Efficient
transfection methods have to be applied to reach high virus titers. After harvest based on centrifugation,
filtration and acoustic wave, DSP preferentially is performed on viral vector tailored affinity chromatography
or alternatively on AIEX, CIEX resin or membrane separation and sterile filtration. Stabilizing formulations
allow liquid or freeze dried drug product for more than 24 month stability. A qualified spectrum of analytical
methods addresses potency, purity, empty and full capsids, aggregates, HCP, HCD and adventitious viruses.
Since no viral inactivation methods can be applied in DSP of a viral therapeutic, a number of preventive
measures are required.

  202  

Continuous-in-line Virus Inactivation for Next Generation Bioprocessing
Yanglin Mok* and Michael Phillips, Merck Pte Ltd, Singapore and USA
The shift in industry toward connected and continuous monoclonal antibody (mAb) processing has
necessitated the development of novel approaches to improve or replace traditional unit operations that rely
on hold tanks or operate in bind-elute mode. One such operation is virus inactivation with low pH, a critical
virus reduction step in mAb downstream processing. Traditional low pH inactivation operations involve one
or more large holding tanks in which product is maintained at a target low pH level for a specific period of

30   BioProcessing Asia 2018

SESSION 2

James Weidner, Executive Director, Process Development, Amgen, Singapore
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time, typically 30–60 minutes. Translating this batch operation to a flow-through continuous process requires
careful control of multiple factors to assure effective virus inactivation.
In this presentation, we describe the impact of buffer/mAb composition on the kinetics of virus inactivation.
We address incubation chamber design which has implications for system size, processing times, and
safety factor. Data demonstrating equivalency between batch and in-line systems is also presented. In-line
technology that replaces batch operations and enables effective virus inactivation is expected to play an
important role in the development of next generation mAb processing operations.

  203  

Challenges and Opportunities for Downstream Process Development of Acidic and
Neutral Monoclonal Antibodies (mAb’s)
Pratap Bade*, Vishal Velhal, Emilia Babu, Irfan Shaikh, Vikrant Bansode,
Prudvi Raj, Amritanshu Bhushan, Indraneel Sanyal, and Hanuman Mallubhotla
Syngene International Ltd, Bangalore, India
Present mAb purification platform processes are designed mostly for antibodies with basic Isoelectric
Points [(pI) >7.5]. The acidic and neutral pI mAbs present atypical challenges and a heuristic mAb
downstream processing approach is not be suitable for these mAbs. The product and the contaminants
(HCP, HCD, Viruses) will have similar physicochemical properties at typical platform operating conditions and
their clearance can present significant challenges. The heuristic approach involves process development
then the validation of the developed process for the viral clearance. If the process is unable to achieve the
desired viral log reduction then the process needs to be redesigned and revalidated for viral clearance.
While this approach fullfills the technical objective it will unlikely to meet the bottom-line of speedy and
economical process development. Product instability is another challenge. As an example, elution of a mAb
from protein A using low pH treatment and subsequent pH adjustment activity can result in the protein
transiting through the mAb isoelectric point.
The current presentation describes an approach for developing scalable processes for neutral and
acidic pI monoclonal antibodies in a cost-effective way. The evaluated design spaces of various resins
(Cation Exchange Chromatography, Anion Exchange Chromatography and Mixed Mode Chromatography)
for adequate virus and impurity clearance was tested. The optimal conditions for impurity removal, virus
clearance and product recovery were identified by miniaturised batch mode experiments. The identified
optimal conditions were evaluated in column mode and the process then scaled up. The presentation will
also cover typical challenges that are encountered or forseen and how these can be overcome using case
studies. The derived approach helps significantly in cost effective and speedy process development.

  204  

Fabs-in-Tandem – a New Platform for Bispecific Antibodies
Chengbin Wu, EpimAb Biotherapeutics, Shanghai, China
Bispecific antibody (bsAb) development programs have become a critical asset within the portfolio of the
biotech and major pharmaceutical companies. By simultaneously engaging multiple molecular targets, bsAb
show distinct clinical benefit when compared to monoclonal antibodies (mAbs). We have developed a new
bispecific technology, named Fabs-in-tandem immunoglobulin (FIT-Ig), in which two Fabs are fused directly
in a crisscross orientation without any mutations or use of peptide linkers. This unique design provides a
symmetrical IgG-like bispecific molecule with correct association of 2 sets of VH/VL pairs. In the talk, we
show that FIT-Ig molecules exhibit excellent drug-like properties, in vitro and in vivo functions, as well as
manufacturing efficiency for commercial development. The FIT-Ig technology is setting a high standard for
future bispecific antibody therapeutic development.
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  205  

Performance Analysis: The Good, the Bad and the Downright Hard to Do
Kathy Wong, Sze Rui Ong*, and Aaron Goerke
Hoffman-La Roche Ltd, Singapore
Ensuring reliable supplies of quality medicines to patients is Roche’s top priority. A key to maintaining
uninterrupted product supply is understanding the capability of manufacturing processes to generate
product lots that conform to release specifications. One way to continuously improve product health across
a complex global network is through routine risk identification and prioritization using a new risk index
complete with graphical display. This risk index, and the risk-based decision making it enables, complies
with Health Authority expectations and provides experts and management a holistic view of process,
product and network health. Rolling out this customized risk index has been both challenging and insightful.
This talk will focus on realizing business benefits during implementation, uncovering technical challenges,
and how “soft” issues like managing change can cause you to stumble.

  206  

Cell-free Synthesis: a Liberating Technology to Meet the Demands of Targeted
Therapeutics?
Olotu Ogonah, Noelle Colant, and Daniel G Bracewell*
University College London, London, UK
Cell-free synthesis (CFS) is a maturing technology that has many uses in areas from structural biology to
the manufacturing of biological products. Both microbial (E. coli) and mammalian (CHO) based systems are
commercially available and one company (Sutro Biopharma) is moving into clinical trials based on a cellfree manufacturing platform. In the context of recovery of biological products, the key question is whether
such technologies can free the design and development of processes from the demands of controlling
biological/cellular variability.
This question has become more pressing in recent years as large national research programmes have
pushed fundamental life sciences into areas of personalised medicine which will likely affect the pipelines
of pharmaceutical companies. We can already see an increasing number and variety of antibody, antibodylike molecules and antibody drug conjugated products progressing to market. These are often for indications
of smaller market size and therefore the trend is towards flexible multi-product facilities.
The primary concern in the development of these processes is gathering the evidence that product quality
requirements can be sustained in the face of batch to batch variations inherent in the use of cellular
systems. Recent interest in continuous bioprocessing highlights ambitions to gain improved control
of upstream processing and product quality. But when we consider the large number of therapeutics
described above, the process understanding required to do this becomes a limitation. By dividing
manufacture into upstream reagent production, the cell-free synthesis step and product recovery stages
CFS offers the potential to reap the benefits of continuous processing for CFS reagent production. This can
then be deployed in multiple batch manufacturing processes where the investment in the development of
a highly robust upstream process can be recouped. If this robustness can be reflected downstream, the
technology could enable regulators to consider the release of products using distributed manufacturing.
Data examining the CFS critical process parameters to achieve this will be presented.
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  SESSION 3  
   INTEGRATED APPROACHES FOR VACCINE DESIGN AND MANUFACTURING  
Linda Hwee-Lin Lua
Professor & Protein Expression Facility Director, University of Queensland, Brisbane, Australia

Vaccines have been proven to be the most effective means to combat infectious diseases.
Improving vaccine accessibility and affordability in resource-limited nations continues to
challenge the vaccine industry. The global vaccine business is relatively small in value in
comparison to its biologic therapeutics counterpart. Thus, the drivers for the vaccine industry
are different. While continuous refinements of earlier vaccines have led to safer and more
effective products, synthetic biology has enabled the development of new vaccines that are
not based on the traditional killed or live attenuated vaccine preparations. This shift away
from conventional vaccines reduces the risk associated with handling pathogens during
manufacturing and the risk involved with live attenuated virus vaccination. The modern
technology harnesses the immunogenic subunit of the organism, without the infectivity of the
pathogen, for better efficacy and safety. Examples of such vaccine technologies include viruslike particle technology and mRNA/DNA vaccines.
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The Story of a Successful Biotech (Ad)Venture: the Development of Flublok
Manon Cox, NextWaveBio, East Haven CT, USA
This presentation will illustrate the “ups and downs” in the development of Flublok, the first and only FDA
approved recombinant influenza vaccine produced using the baculovirus expression system.
The baculovirus expression system technology (B.E.S.T.) is an established tool for the production of complex
proteins. The key advantage of this recombinant protein manufacturing platform is that a universal “plug and
play” process is used for producing a broad range of protein-based prophylactic and therapeutic vaccines for
both human and veterinary use while offering the potential for low manufacturing costs. The same cells are
used for any vaccine production process and only the baculovirus backbone in which the protective antigen of
interest is inserted is adjusted. The feasibility of large scale manufacturing has been clearly demonstrated; for
example, in Japan Unigen built 2 × 21,000-L capacity specifically for B.E.S.T. manufacturing.
Flublok is a recombinant hemagglutinin influenza vaccine produced using this production platform and
provides an attractive alternative to the outdated egg-based influenza vaccine (TIV) manufacturing process.
Protein Sciences Corporation was awarded a contract in June 2009 from the U.S. Department of Health and
Human Services to further develop this technology for the production of recombinant influenza vaccines for
pandemic preparedness.
The development of Flublok – a 14-year trajectory that ultimately led to FDA approval of the first
recombinant influenza vaccine – taught us three important lessons:
1)	Use of proven platform technology may lead to new, potentially better products but with the inherent
uncertainty it will delay product availability
2)	Allow the regulatory process to focus on safety and evidence of protection in animals, with
confirmatory efficacy evidence to be gathered post introduction
3)	Ensure that adequate funds are available for development.
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Monitoring the Reassembly of Virus-Like Particles by Diafiltration with Light
Scattering and UV/Vis Spectroscopy
Matthias Rüdt, Philipp Vormittag*, Nils Hillebrandt, Thorsten Klamp, and Jürgen Hubbuch
Karlsruhe Institute of Technology, Karlsruhe, Germany
Virus-like particles (VLPs) are an emerging class of biopharmaceuticals with potential applications
against cancer and infectious diseases. VLPs comprise multiple copies of viral structural proteins that
can be expressed in genetically modified host organisms. In vivo assembled VLPs are typically dis- and
reassembled in vitro by dialysis or cross-flow filtration (CFF) to improve particle homogeneity, stability
and immunogenicity. To monitor the underlying process, we integrated an on-line measurement loop for
process analytical technology (PAT) into an experimental CFF setup. The measurement loop was equipped
with an ultraviolet and visible (UV/Vis) spectrometer and a light scattering photometer. The sensors
continuously acquired signals that allowed the monitoring of protein concentration, tertiary structure and
quaternary structure. Reassembly of three Hepatitis B core antigen (HBcAg) variants was evaluated with
this experimental setup. For each variant, three reassembly processes at three different transmembrane
pressures were performed. On-line light scattering provided information on the formation of VLPs and
aggregates while UV/Vis allowed the monitoring of protein concentration and the rate of VLP assembly.
Sensor read-out was validated with off-line size exclusion chromatography (SEC). A partial-least squares
(PLS) model was calibrated to predict VLP concentrations in the process liquid based on UV/Vis spectra
and off-line SEC measurements. Protein concentrations were predicted with Q² values of 0.984, 0.984,
and 0.947 for the three HBcAg variants. In summary, the proposed experimental setup provides a potent
platform for knowledge-based process development of VLP reassembly by CFF.
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Bioprocessing of Adenovirus – Technical and Economic Considerations
Mats Lundgren
GE Healthcare Life Sciences, Uppsala, Sweden
Vaccines based on viruses and viral vectors are becoming increasingly important for prevention and, more
recently, treatment of a large number of diseases. Furthermore, viral vectors such as Adenovirus, Adeno
Associated Virus and Lentivirus are also being used in gene and cell therapy.
As competition and cost pressure in the biopharma and vaccine industry increase globally, the choice
of manufacturing technology is becoming increasingly important. The manufacturing processes and
technologies are critical to enable cost-efficient and scalable production of safe and efficacious clinical grade
virus products.
This presentation is focused on manufacturing of Adenovirus (AdV). We have combined experimental work
and process economy calculations, from AdV production in cell culture to purified bulk product. An efficient
and scalable process for AdV production was developed by evaluation of each process step. First, suspension
HEK 293 cells were adapted and evaluated in different serum-free cell culture media. Cell culture conditions
were optimized for AdV production and tested in different cell single-use bioreactor systems.
Filters and conditions for clarification, concentration and buffer exchange by tangential flow filtration
were optimized. Capture step alternatives were compared, including different chromatography resins
and membrane formats. Finally, core bead technology was evaluated as an alternative to size exclusion
chromatography for the polishing step before the final formulation. Based on analytical data different
downstream process alternatives were compared regarding load capacity, recovery and purity and we
propose a robust and scalable process with a favorable process economy.
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From R&D Towards Making a Successful Vaccine
Subhash Kapre, Inventprise, Redmond, WA, USA
Director Emeritus and former Executive Director at the Serum Institute of India, Pune, India
In the conversion of R&D work into a product, enthusiasm in R&D needs to be coupled with
very many process intricacies to create a product complying with all requirements, stable and
obtained with high yield to be competitive. The next step is to have efficacious product. This is
always the most difficult part but this is the part that takes you through to licensure.
These issues would apply to all vaccines irrespective of whether they are Viral, Bacterial,
VLP’s, bacterial products or recombinant derived.
The time element of also getting there by choosing the right technology and equipment is
another challenge.
The third challenge is keeping the quality assurance in line to assure product quality.
A good effort and understanding of these requirements can take a group to success in its
endeavor to making new and good vaccines.
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Transitioning to End-to-End Membrane Separation Process for Innovative Vaccine
Candidates
Balaji Somasundaram*1, Xin Ni Tay1, and Linda H-L Lua2
1
Australian Research Council Training Centre for Biopharmaceutical Innovation,
Australian Institute for Bioengineering and Nanotechnology
2

The Protein Expression Facility, The University of Queensland, Brisbane, Australia

Recombinant protein-based virus-like particles (VLPs) and VLP subunits are innovative vaccine candidates
that are gaining rapid importance due to their native-virus like structure, non-infective properties and the
ability to induce both innate and adaptive immune responses in animals and humans. With over 30 VLPbased vaccine candidates under clinical development, there is an increasing demand for scaleable and
economical purification strategies for generating clinical trial material. As a potential solution, this firstof-a-kind study demonstrates an end-to-end membrane based separation process for the production of
recombinant vaccine candidates. A modular capsomere (pentameric precursor of murine polyomavirus-like
particle) displaying the globular domain of hemagglutinin (HA1) was used as a model molecule for process
development. The stable, immunogenic and protective modular capsomere comprising HA1 antigen
was produced in E. coli and purified using depth filtration, microfiltration, ultrafiltration and membrane
adsorbers. The optimized membrane process resulted in 80% purity with endotoxin levels < 0.2 EU/mL.
The presentation will cover the design, development and optimisation of membrane separation process
for capsomere based vaccine purification. Economic analysis of this proposed purification strategy with
respect to process performance indicators such as operational expense, processing time and capital
expense will be presented.
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Innovation and Challenges for the Development and Industrialization of Vaccines
Charles Lutsch
Sanofi Pasteur, Marcy-L’Étoile, France
While vaccines are available to prevent more than 25 infectious diseases, there are still many more
vaccines to be developed to address unmet medical needs. However, to successfully develop the next
generation of vaccines may require new innovative approaches. Current vaccines are characterized by the
diversity of biological products: Live vaccines, Inactivated or Subunit vaccines, polysaccharide conjugates
and vector-based vaccines. The vaccine manufacturing processes are typically specific for each vaccine
product. A wide variety of cellular vehicles for the manufacture of vaccines are employed including bacteria,
yeasts, insect cells, and mammalian cells. More recently, there is a growing interest in vaccine platform
technologies which can be applied across multiple targets. Viral Vector-based systems are able to efficiently
deliver genetic material into cells, and these are currently being further developed. DNA vaccines have
been demonstrated to be safe and, using physical methods, are immunogenic in humans. mRNA vaccines,
produced using cell free in vitro transcription processes, are currently being investigated for efficacy
against infectious diseases and cancer targets. The current vaccine manufacturing processes are based
on upstream bacterial fermentation or cell culture followed by downstream purification and, if required
inactivation, toxoiding and conjugation. The cumulative manufacturing steps result in a reduction of product
yield, although with process improvements, yield increases can be achieved. Process intensification &
simplification can also be achieved by driving increased productivity by clonal screening, media screening,
product and process understanding, and process optimization. The development of platform technologies
has the potential of reducing manufacturing investments.
Adjuvant discovery and development is another area of active interest due to the need to improve the
immune response of less immunogenic antigens. Aluminum adjuvants are broadly used in licensed human
vaccines but vaccines with new adjuvants have been recently approved. Novel adjuvants are being tested
in pre-clinical, phase I/II/III trials, in combination with novel antigens such as cancer antigens, universal flu
antigens, and others. Innovations can also be had in the delivery of the vaccines. Quality Control of vaccines
is focused on drug substances and drug product release analytics using qualified tests. Development of
more sensitive and faster analytical methods are critical for vaccine developments. The potency test of the
vaccine is predictive of the protective clinical responses. In vivo assays are required the development of
new in-vitro methods is under active consideration to address the increase quantity of testing and to reduce
testing cycle times. Examples of innovation and challenges in the development and Industrialization of
vaccines will be discussed.
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Developing regulations at a pace enabling more rapid adoption of novel therapeutic solutions
on one end of the spectrum and biosimilars on the other, and of new production technologies
such as continuous processing, modular and scale out approaches for facilities, new
formulations and novel delivery systems remains a desire in the West as well as in the East.
Historically, Asian regulatory agencies have been even more cautious than those in the West
in this approach, further retarding the adoption of these new and innovative technologies.
This session addresses current and future regulatory trends relevant to biopharmaceuticals
in Asia, including challenges and opportunities for biotherapeutics manufacturing using both
current and cutting edge technologies. Presentations address changes in the regulation of
biotherapeutics globally as well as on specific regulatory trends in the Asian region. We focus
on changes being adopted by various health authorities allowing such treatments to reach
patients faster. The session looks at the development of relevant analytical tools for supporting
regulatory requirements and for assurance of quality control. Innovations that impact the
Asian regulatory environment are especially highlighted.
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Changes in the Regulatory Environment Affecting Bioprocessing in China
Scott M Wheelwright
Complya Asia Co Ltd, Suzhou, China
China has recently grown to become the second largest pharmaceutical market in the world. A strong
push from government groups at many levels has provided incentives for new product and manufacturing
development across the country. The 13th Five Year Plan calls for a specific focus on the acceleration of
development of biomedicines and the Special Report on Biotechnology calls biotechnology “one of the
most important technology clusters of the 21st century.” Changes to rules for the review of drug license
applications have decreased development time and increased the number of biopharmaceuticals moving
towards licensure. A defined pathway for biosimilars has shortened the time to bring these products to
market. A Market Authorization Holder ruling has opened the way for companies in China to use CMOs for
commercial production. These are a few of the changes in the regulatory environment in China that have
opened opportunities for bioprocessing to expand. The market for biopharmaceuticals is growing at about
20% per year, which means that total capacity needs to double every four years.
In this presentation we review the state of the industry in China. We discuss the CDMO market, including
the ten plants in operation or under construction worldwide by WuXi Biologics, and other CDMOs that are
operating in China, including their capabilities and plans. We also discuss how the regulatory changes are
providing opportunities for new processes to be developed and new technologies to be implemented. In
many ways growth in China may lead to new developments coming to market first in China.
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Recent Trends of Biopharmaceuticals in Japan – On the CMC Development and
Technical Regulatory Affairs
Ineui Lee, Kobe University, Kobe, Japan
Analysis of the current state of the pharmaceutical market shows that sales of biopharmaceuticals are
increasing year by year as global pharmaceutical markets are expanding. Also the Japanese revenues of
biopharmaceuticals are gradually increasing. Not only is the number of new molecular entity approvals
increasing, but as lifecycle management of approved drugs is being pursued approvals for additional medical
indications as well as changes in formulation or convenience enhancing dosage forms such as PFS / AI
have also increased. Thanks to the experience with antibody drugs, various next generation modalities
such as antibody drug conjugates (ADC) and bispecific antibodies have been developed, and entirely new
therapeutic routes such as gene therapy and cell therapy are rapidly gaining interest. The share of Japanese
original developments in these new areas is still small. Local production of biotherapeutics approved in
Japan is far below 20%, most depend on overseas production. The biosimilar market in Japan is also small
compared, for example, Europe as the discussion about biosimilars has proven to be complicated for the
country. This presentation will introduce the current activities in Japan for accelerating CMC development
by the collaboration between industry, academia and government. Recent regulatory notifications on the
product lifecycle management and CMC CTD preparation which are relating activities to the ICH Q12
draft guideline (Step 2 document) and new related activities for the cost-effective manufacturing such as
continuous processing are presented.
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Overview of Analytical and CMC Regulatory Considerations in Biosimilar Development
Chee-Keng Ng, Biosmilars Pharm Sci, Pfizer, Inc., Lake Forest, IL, USA
The biosimilar approval process by leading world health agencies such as the EMA, FDA or PMDA requires
the applicant to demonstrate a high degree of similarity in physicochemical, functional, nonclinical and
clinical studies between the proposed biosimilar and reference product. Biosimilar developers are expected
to determine the criticality of quality attributes early on and analyze multiple reference product lots over a
period of time with robust and state-of-art analytical methods. The resulting list of target product quality
ranges will form the starting point of the biosimilar process development. The foundation of similarity is
the demonstration of analytical similarity using an extensive array of analytical methods and functional
assays to compare the proposed biosimilar and reference product. In general, the concept of analytical
biosimilarity is built on scientific principles outlined for comparability (as described in ICH Q5E). Since a
biosimilar manufacturing process is expected to employ contemporary cell culture engineering technology
and unit operations, often different from the originator, the product quality profile of the proposed biosimilar
is unlikely to be identical to the reference product. Minor differences in product quality attributes are
expected, especially when the state-of-the-art analytical methods with high resolving power and sensitivity
are employed. Regulatory agencies expect these differences to be justified in terms of likely impact
on safety and potency. The biosimilar developer must perform a detailed risk assessment, and where
appropriate, demonstrate similarity using in vitro functional assays (or depending on the criticality of the
analytical difference(s), additional nonclinical or clinical studies) to address the residual uncertainties. The
US FDA, in refining the “totality of evidence” approach to the determination of biosimilarity, has introduced
tiered statistics analysis of quality attributes. With a reduced nonclinical and clinical studies package, a
biosimilar licensure application typically has a much more comprehensive and detailed CMC content than
is expected from a typical biologic licensure application dossier. These differences include enhanced control
strategies to ensure the continued similarity of product quality attributes relative to the reference product
and extensive comparative analytical data packages demonstrating analytical biosimilarity. This presentation
will outline the general regulatory landscape in major global markets, and the analytical and functional
assessments typically used in the determination of biosimilarity for the development of a monoclonal
antibody biosimilar.
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Virus Safety for Continuous Processing
Meng-Jung Chiang1, Morven McAlister2, Nigel Jackson2, Kyle Jones2, Mark Pagkaliwangan2,
Scott Lute1, Glen Bolton3, Kurt Brorson1, and Mark Schofield*1
¹ CDER, US Food and Drug Administration, Silver Spring, MD, USA
2
Pall Life Sciences, Westborough, MA, USA
3
Amgen, Cambridge, MA, USA
Continuous bioprocessing is increasingly seen as a means to decrease the cost and increase the quality
of biotherapeutics. However, moving to a continuous process raises regulatory concerns especially the
demonstration of viral safety. Other than retroviral-like particles (RVLPs) expressed endogenously in
mammalian cell lines, the adventitious agents can be also introduced from upstream cell culture related
practices. To address regulatory concerns, both testing and clearance validation strategies are required. For
mAb processes, specific virus clearance steps are included such as low pH inactivation and virus filtration.
Additionally, chromatography steps are relied upon to fortify the clearance of the manufacturing process.
Here we address virus safety for continuous processing holistically, providing performance data and
potential validation strategies for virus safety via continuous chromatography, low pH inactivation and virus
filtration.
Continuous chromatography is typically performed at faster flow rates than batch chromatography and
protein is loaded closer to the static dynamic binding capacity rather than dynamic binding capacity.
To assess the impact of these factors (residence time and loading capacity) on virus clearance, single
column chromatography experiments were performed with model bacteriophages as viral surrogates to
mimic mammalian viruses. These tests allow an evaluation of critical process parameters (CPP) for virus
clearance by single column chromatography and forecast CPPs for virus clearance in continuous mode. The
knowledge gained from these experiments enable us to operate the Protein A step in continuous mode
whilst still maintaining expected levels of virus clearance.
Low pH virus inactivation is a key step for virus safety, but it is commonly performed manually with offline
pH measurements. To address this we have developed a full scale system for the semi-continuous low
pH virus inactivation downstream of a 2000 L bioreactor and the Cadence™ BioSMB system. Here we
show the strategy the system uses and data that supports key features of the approach. Additionally we
have developed a prototype scale down system for process development and we show data with that in a
complete continuous process.
Finally, continuous virus filtration is regarded as higher risk due to the low flux, extended durations
and increased risk of process interruptions. By applying the principles of Quality by Design (QbD) and
addressing the balance of convective forces vs. hindered diffusion of viruses, we demonstrate that the
unique filter design space for continuous processing applications can be filled with new generation virus
filters with unique pore structures and high permeabilities.
Together this data acts as a framework to maximize virus clearance in continuous bioprocesses, potential
technology gaps to avoid, and factors to consider in the viral safety risk assessment.
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Case Studies in Implementation of QbD and PAT in Bioprocessing
Anurag S Rathore
Indian Institute of Technology, Delhi, India
The initiatives of Quality by Design (QbD) and Process Analytical Technology (PAT) have gained momentum
in the biopharmaceutical industry. Central to both is the necessity to gain a deep understanding of the
process and identify the primary sources of process variability. This talk will highlight the benefits that
the industry can gain by implementation of PAT and QbD. Three case studies will be presented, targeting
the three major unit operations in bioseparations, process chromatography, ultrafiltration, and protein
refolding. In the first case study prediction of the impact of variability in feed quality and in gradient shape
on separation of charge variants by cation exchange process chromatography has been attempted to
facilitate feed forward control. In the second case study, ultrafiltration of a monoclonal antibody product to
a high concentration (> 150 mg/mL) has been modelled. It has been seen that when protein concentration
goes to such high level, deviations in pH and excipient concentrations are observed. Finally, in the third
case study, a PAT based approach for monitoring and control of a protein refolding process has been
proposed. It has been shown that how use of statistical process control can be quite effective in avoiding
batch failure. The three case studies showcase the utility of QbD and PAT in making bioprocessing more
efficient, optimal and robust.
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Pharmaceutical Product Lifecycle Management: ICH Q12
Andrew Chang
Novo Nordisk, Washington, DC, USA
While the implementation of ICH Q8, Q9, Q10 and Q11 provided opportunities for a more science- and
risk-based approach for assessing changes across a product lifecycle, the main emphasis, however, of
these guidelines was on development stage of a product lifecycle. Opportunities and benefits have not
been fully realized/enabled for post-approval changes, and the envisioned “operational flexibility” has not
been achieved. This presentation will cover the ICH Q12 draft guideline (Step 2 document) on technical
and regulatory considerations of pharmaceutical product lifecycle management, with more focus on the
commercial manufacturing phase of the lifecycle. As a member of the Q12 EWG, I will describe in sufficient
details of the tools/enablers established in Q12 draft guideline (Step 2 document), and proposed next steps.
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Jan M Bult, Plasma Protein Therapeutics Association, Annapolis, MD, USA

The clinical need for plasma protein therapies is increasing year after year and there is no
reason to believe that this will stop. At the same time there are interesting developments
with the introduction of new therapeutic modalities such as gene therapy, gene editing,
and targeted monoclonal antibody therapies that will allow more personalized and precision
medicine. These developments may lead to a shift from large scale plasma product
manufacturing to cell culture based products for the corresponding medical indications. The
question then becomes “What is on the horizon?”
This session investigates the current and future plasma derived products landscape and
will highlight developments in Asia. Contributions also look into the cellular production of
plasma proteins, not least to see how new modalities will impact the traditional economics of
plasma fractionation. Product labelling is a new dimension in many areas such as personalized
medicine, but also helpful to prevent counterfeiting. Another focus is on the experiences in
Asia with respect to to plasma fractionation plant development, plant expansion and specific
challenges in the plasma products manufacturing landscape in Asia.
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Current Trends in the Global Plasma Fractionation Market
Andrew Goodsall, MST Marquee, Sydney, Australia
This presentation will focus on the current and evolving trends in the global market for the plasma
fractionation industry. The analysis will be based on the contemporary data around the collection of plasma for
fractionation and the production of the key plasma products in relation to their supply and demand in various
markets. In addition, there will be discussion and commentary on the current throughput of the existing
plasma fractionation plants and the influence of further capacity expansions on the supply of the principal
products in both the established markets and the newer, developing nations and regions of the world.
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Primary Immunodeficiencies; a Model of How to Personalize Medicine
P Martin van Hagen, Clinical Immunology Unit, Erasmus Medical Center, Rotterdam, Netherlands
and Chulalongkorn University, Bangkok, Thailand
Primary immunodeficiencies (PIDs) are a heterogeneous group of conditions which are often the result
of inherited abnormalities in one or more components of the immune system. PIDs can be divided
into isolated abnormalities, such as for example only an antibody deficiency, combined defects such as
combined humoral and cellular defects as in patients with severe combined immunodeficiency (SCID), but
also patients suffering from immunodeficiency with autoimmunity or autoinflammation.
Genetic analysis such as Next Generation Sequencing methods (NGS) showed that PIDs form a
heterogeneous group of > 370 genetic disorders caused by inborn errors in the immune system. It is
intriguing that the diversity in clinical phenotype, resulting in both immunodeficiency and autoimmunity, can
be caused by a single gene defect.
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A genetic diagnosis resulting in an antibody deficiency enables personalized and targeted treatment
because the detection of a gene defect indicates to one or more cellular pathways.
For example, recently identified PID patients (with autoimmunity) with STAT3 gain of function mutations
with an “overactivated” STAT3 pathway may benefit from therapy with anti-IL6 or a new JAK/STAT inhibitor;
STAT1 gain-of-function mutations may benefit from JAK-STAT inhibitors as well, and “Activated PI3K-delta
syndrome (APDS)” patients benefit from specific PI3K blocking agents that are currently in phase 2 trial.
So, pathway analysis will reveal a diagnosis and indicates further to cellular pathways that may be targets
for therapy. Because affected genes may be involved in other systems such as the endocrine system or the
nervous system it may predict also non-immunological complications.
We expect that pathway analysis helps to treat autoimmune and granulomatous components of
disease, it is however highly questionable if hypogammaglobulinaemia recovers from these therapies.
Subcutaneous and intravenous immunoglobulin therapy has shown to be very successful in patients with
hypogammaglobulinaemia.
The therapeutic amount of IgG used by various patients with hypogammaglobulinaemia varies widely. The halflife of IgG is about 3 weeks and depends strongly on the neonatal Fc receptor functionality. We speculate that
genetic analysis may contribute to the understanding of IgG metabolism in individual patients.
We are entering an era in which precision medicine using genetics and/or proteomics will be implicated in
clinical medicine which will lead to a more personalized approach.
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Development and Production of Safe and Affordable Plasma Derivatives in India:
Opportunities and Challenges
Suma Ray* and Ritesh Saraf
Intas Pharmaceuticals, Celestial Division, Ahmedabad, India
The rapidly changing socio-economic scenario in India and its adjoining regions in S-E Asia has increased
the demand for biopharmaceuticals in the region, including plasma derived therapeutics. The onus now
lies on these manufacturers to develop and deliver these products with the assurance of safety, efficacy
and affordability to meet the regular demands of the starved market. As a result, with a view to providing
high volumes of reliable, consistent and sustainable products to the emerging market, several plasma
fractionators in India, together with the Government and regulatory framework of the country, are utilizing
the surplus plasma recovered by safe componentization to meet the clinical needs. The Indian industry has
geared up to speed both in terms of volumes, technology as well as quality to deliver improved processes
with high yields and increased efficacy to satisfy the hungry market. The Celestial Division of Intas
Pharmaceuticals, which currently has 5 commercial products on the market and a huge basket of products
in the pipeline to cater to the growing market, is one of the fore-runners in this movement. The self-reliance
of Intas, together with other fractionators, is a step towards making an attempt to reform the largest
therapeutic industry and to make India a preferred destination for the manufacture of plasma products
following in the footsteps of its generic pharmaceuticals.
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Development Pathways for Advanced Therapy Medicinal Products - Virus Safety
Challenges and Regulatory Perspectives
Andy Bailey
ViruSure GmbH, Vienna, Austria
Advanced therapy medicinal products (ATMPs), include gene therapy medicinal products, somatic cell
therapy medicinal products and tissue-engineered products. These products offer significant hope for a
number of diseases for which there are limited or no therapeutic options, such as skin regeneration in burns
victims, Alzheimer’s disease, cancer or muscular dystrophy. ATMPs are at the cutting edge of innovation
and as such they have been subject to considerable interest and debate. European authorities have
established a consolidated regulatory framework for ATMPs, but there are still many challenges that have to
be overcome. In many instances, standard GMP requirements need to be adapted given the unique nature
of the start materials (e.g. stem cells) or new cell culture additives developed and validated. The challenges
presented by ATMPs and regulation thereof are wide and varied, and from a bioprocessing perspective
there are many factors that need to be considered. This presentation will focus on the regulatory and
bioprocessing challenges faced by companies looking to develop ATMPs and will also discuss some of the
challenges in meeting virus safety requirements. In particlular, the pros and cons of using next generation
sequencing technologies in the testing of ATMPs will be discussed.
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Development of CyMES (cylindrical membrane electro-separation):
Providing High-Yield, Modularization and Low-Cost Plasma Fractionation
Olivier Laczka, Ante Jerkovic, Matthew Kolibac, Kailing Wang, and Hari Nair*
AEGROS Biopharma, Parramatta, Australia
Technologies used in the production of plasma therapeutics have resulted from the advent of Cohn
Fractionation developed in the 1940s. Since then, there have only been few advances in plasma
fractionation technology except for the introduction of column chromatography. In 2016, a ‘flat-bed’ (planar
configuration) membrane electrophoresis system was used to fractionate plasma proteins in a small batch
process developed to produce bulk human albumin. This process separates proteins based on size and
charge through membranes with pre-defined pore sizes, using a buffer at a pH where the proteins are
mobilized by an electric field (Ef).
Aegros Biopharma developed CyMES (cylindrical membrane electro-separation), utilizing the unique
cylindrical configuration of the system to allow the membrane surface area to be fully exposed to a radial
electric field, thereby maximizing the use of power and increasing separation speed and efficiency. This
configuration also offers several other key advantages as it acts as a condenser, eliminating electrical
fringing effects, enabling full use of the Ef. Additionally, this cylindrical system presents an uninterrupted
curved electrode surface, and previous studies have shown that the Ef-strength generated from a curved
electrode surface is greater than that obtained from a planar electrode. Finally, a greater pulling effect on the
charged proteins by the asymmetrical larger outer electrode was observed, providing a significant increase
in protein transfer in the outbound direction (from the feed stream to the collection stream). Protein transfer
rates are significantly superior to any of the other electro-separation systems, reaching rates per unit of
membrane surface area 4-fold higher than those obtained using other electrical methods.
CyMES is a new electroseparation system which allows more efficient, selective and high yielding protein
separation with the ability to disrupt the current paradigm in plasma protein separation.
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Development of an Improved Purification Method for Production of Lyophilised and
Liquid Fibrinogen Concentrate
Hung Pham* and Yvette Citrine
CSL Behring, Melbourne, Australia
CSL Behring currently manufacture and market a lyophilised fibrinogen concentrate under trademark name
Haemocomplettan (HC) or RiaSTAP for treatment and prophylaxis of acquired and congenital fibrinogen
deficiency. The current HC/RiaSTAP manufacturing process has been improved to allow for production
of a fibrinogen drug substance, which can be used for the manufacture of either lyophilised or liquid
fibrinogen. The main features of the improved process are; a mixed mode column for the removal of
plasma proteases, an anion-exchange column for the purification of fibrinogen from unwanted proteins and
two dedicated virus reduction steps, solvent/detergent (S/D) treatment and 20N nanofiltration. A scalable
process has been demonstrated and fibrinogen drug substance manufactured at both laboratory and pilot
scale for characterisation. The drug substance was dispensed into both lyophilised and liquid fibrinogen
for stability trials. Accelerated stability results of the lyophilised fibrinogen demonstrated no change in the
physicochemical properties when stored at 40°C over 6 months as revealed by visual appearance, pH,
fibrinogen content, total protein content and SDS-PAGE. Real time stability data demonstrated the liquid
product can be stored at 2°C–8°C for up to two years. The present paper demonstrates that by using new
technologies the production and properties of established or legacy products can be significantly improved,
and this philosophy could be applied to other products.
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   EVALUATING AND IMPLEMENTING DISRUPTIVE MANUFACTURING STRATEGIES  
Suzanne Farid
Professor of Bioprocess Systems Engineering, Co-Director of the Future Targeted Healthcare
Manufacturing Hub, University College London, UK

Advances in manufacturing and facility design will be key to our efforts to ensure sustained
supply of medicines to patients. The future of medicine will be innovative, patientfocused, and digital. Yet the biotechnology industry is slow in adopting the wealth of new
manufacturing technologies and methodologies required to produce both traditional and
personalized therapies. Potentially disruptive technology platforms, such as single-use,
continuous or fully automated processes, create the opportunity to increase or utilize the
current capacity in a more flexible and efficient manner. Cell and gene therapies are rapidly
increasing with unique processing and logistics needs. Millions of data points can be
converted to knowledge and understanding that can lead to meaningful and timely action
to improve processes and drive efficiency. Such factors will change our current thinking of
investments to be made, capacity flexing and the workforce of the future.

SESSION 6

Sze Rui Ong
Head of Technology and Innovation, Technical Operations, Roche Singapore, Singapore

*Denotes presenter.

  601  

Cost of Goods and Supply Chain Analysis for Cell Therapy Manufacture
Suzanne S Farid
University College London, London, UK
Successful commercialisation of cell therapies will be underpinned by cost-effective and robust
manufacturing processes, practical supply chain solutions for delivery to patients and early planning
of reimbursement. UCL’s Decisional Tools team have developed advanced decision-support tools that
effectively integrate concepts from bioprocess economics, risk analysis, and combinatorial optimization to
address such challenges. This presentation will provide some of our most recent process economic insights
from such models applied to current and future cell therapy manufacturing processes e.g. autologous
CAR T-cells and allogeneic MSC cell therapies. Bottlenecks in upstream and downstream processes will
be identified and the technical innovation required to bridge the gaps constraining commercialisation will
be discussed. A discussion of the cost of goods in relation to reimbursement will be provided for different
cell therapies and compared to biopharmaceuticals. A series of industrial case studies will be presented
to highlight economic challenges for different allogeneic and autologous cell therapy products. The case
studies will address questions such as: What are the most cost-effective process technologies to use for
cell culture and recovery for different allogeneic and autologous scenarios? What are the cost and risk
implications of process changes to more scalable and cost-effective technologies at different stages of a cell
therapy’s lifecycle? What is the impact of centralised versus decentralised facility designs versus bedside
manufacture on the costs of manufacturing and logistics to reach the patients. The insights from such
questions are critical to helping the cell therapy sector achieve the manufacturing and commercial success
of biopharmaceuticals.
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  602  

Integrating Innovations for the Cell Therapy Industry: a National Ecosystem
Kelvin Ng
The Agency for Science, Technology and Research (A*Star), Singapore
As a living product, cell therapy has introduced new challenges into biopharmaceutical manufacturing. Cells
are biologically dynamic and can be ultra-sensitive to environmental changes, forcing product and process to
be so intertwined that seemingly small biological variations may propagate into significant inconsistencies
in product quality. From tissue acquisition, cell isolation, banking, expansion, harvest, purification,
filling, storage, distribution, clinical administration, to clinical monitoring—it takes a village to tackle the
complexities in cell therapy, let alone the regulatory and financial uncertainties.
The Agency for Science, Technology and Research (A*STAR) in Singapore has traditionally been engaging
multi-institutional efforts within the public sector to innovate for the cell therapy industry. As the regional
regulatory landscape steps up to address cell therapy, A*STAR has rolled out new mechanisms to
accelerate technological developments in the private sector, partly in line with the spirit of Open Innovation.
This talk will leverage case studies to illustrate the emerging cell therapy ecosystem in Singapore, with
particular focus on manufacturing capabilities helmed by the Bioprocessing Technology Institute.

  603  

Combining High-Productivity Fibre Adsorbent Material with the PrismA Protein A
Ligand at Pilot Scale
Iwan Roberts
GE Healthcare Life Sciences, Uppsala, Sweden
Protein A remains to be the workhorse of the blockbuster mAb era, however there is increasing demand
for flexible single-use solutions in the pre-commercial and smaller scale production processes where resin
lifetime utilization is poor. Here a prototype Fibre based membrane has demonstrated productivity greater
than 300 grams of mAb per litre of adsorbent per hour. This compares to <30 g/L/h and ~50 g/L/h for
respectively for single and multi-column systems utilizing current state of the art bead-based technology.
Data will be presented demonstrating rapid mAb capture from 10’s of liters of bioreactor feed in pilot scale
operations. This has been achieved utilizing optimized single-use housings comprising of 10’s of mLs fibre
material derivatized with PrismA prA ligand.
This productivity is derived from the Fibres macroporous structure with a high surface area of ~10 m2/g
compared to ~0.7 m2/g for traditional porous cast membranes. This allows high binding capacities to be
achieved at second or sub-second residence times versus minutes for existing operations. With the ability
to perform a bind-elute cycle in less than 5 minutes a single unit can be rapidly cycled many times across
a single batch in a continuous manner – amortizing both the purchase cost but also reducing the scale
of unit required. This enables single-use adoption for expensive affinity capture. The Fibre technology is
comprised of cellulose allowing application of well understood ligands and is compatible with existing
process infrastructure and methods, with the ease of adoption being a key consideration for any upgrade
to process platforms.
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Thursday 15 November
  604  

Lessons Learned for Commercial Implementation of Disruptive Technologies
Peter Rodriguez
Amgen, Singapore
The launch of Amgen’s Next Generation Manufacturing process at the Singapore site has now achieved
commercial licensure for multiple jurisdictions. The launch of this facility provided many lessons for
commercialization of disruptive technologies. The presentation will provide an overview followed by
examples for what went well and what we would strive to do better in the future.
• Lessons learned from commercializing disruptive technologies - case study for Amgen in Singapore
• Approaches to minimize upfront investment and maximize flexibility
• Facility design, procedural controls and closed processing – workflows and logistics that enable the
open suite concept
• Facility automation – Advanced automation and data analytics to support connected processing in a
commercial setting

  605  

New Technology Adoption within Efficient Facilities while Maintaining Regulatory
Compliance
Steve Hohwald*, Bonnie Shum, Divya Vasudevan, and Kara Calhoun
Genentech, South San Francisco, CA, USA
Efficient facilities and manufacturing processes that fit within multiple facilities will take on increasing
importance as more companies enter the biopharmaceutical sector and competition increases. Pressure
will be placed on development and manufacturing organizations to enhance drug substance manufacturing
efficiency, while design of new facilities will require increasing thought to meet regulatory requirements,
staying lean, and adopting new technologies to facilitate efficient manufacturing. Companies with complex
manufacturing networks that consist of multiple facility configurations and production scales need to think
creatively about how to adopt new technologies while meeting regulatory requirements.
The talk will focus on two case studies of how Roche/Genentech thinks about adopting new technologies
while meeting regulatory requirements.
1)	A harmonized viral segregation strategy is required to support network flexibility and adopt newer
technologies such as single use lines. Pre- and post-viral steps can be challenging to define as viral
clearance is a continuum throughout the purification process and reliant on multiple process steps.
Given diversity in facility designs and differences in the process step order and viral clearance claims,
the development of a network strategy should focus on operational controls, procedural controls, and
the demonstration of viral inactivation of cleaning and sanitization.
2)	As new technologies become adopted care should be applied to standardization of equipment and
validation approaches. The case study will show on-going efforts to standardize and streamline aspects
of process validation unique to the adoption of single use and new technologies in the manufacturing
network.
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  606  

Disruptive Technology in Vaccines: Case Study of Recombinant CRM197 as a Carrier
Protein in Bacterial Conjugate Vaccines
Akshay Goel In Memoriam
Biological E, Hyderabad, India
With the introduction of conjugate bacterial vaccines over the past 25 years, there has been remarkable
impact on mortality and morbidity associated with several bacterial pathogens as Haemophilus influenzae
type B, Neisseria meningitides and Streptococcus pneumoniae. The key aspect of the conjugate vaccine is
the carrier protein, which significantly helps enhance the immune response to the pathogen.
CRM197 is one of the most widely used carrier proteins in conjugate vaccines. There are cost and
throughput challenges with the traditional CRM197 manufacturing technology. A disruptive technology to
manufacture CRM197 using a recombinant E. coli based expression system will be presented. The onus
on the innovator of the disruptive technology to demonstrate comparability with the existing benchmark
is always a major hurdle. Leveraging of global expertise across various organizations to demonstrate
comparability of the innovative disruptive technology based product vis-à-vis the entrenched benchmark
will be discussed. Impact assessment of the disruptive technology, as well as potential further expansions
of the disruptive platform will also be discussed with respect to increasing affordability and availability of
vaccines on a globally.

48   BioProcessing Asia 2018

  SESSION 7  
   POSTER SESSIONS WITH SELECTED SHORT PRESENTATIONS  

POSTER
SESSIONS 7

Anurag Rathore
Professor, Indian Institute of Technology, Delhi and Coordinator, DBT Centre of
Excellence for Biopharmaceutical Technology, India
Ankita Bhargava
Senior Research Fellow, Indian Institute of Technology, Delhi,
DBT Centre of Excellence for Biopharmaceutical Technology, India
The Poster Session at BPA 2018 is a central interactive feature allowing participants to
discuss detailed results with the poster presenters and other colleagues. A limited number
of posters have been selected for short oral presentations. A Best Poster Award will be
presented at the close of the conference.
Posters will be available for viewing from Tuesday until Thursday with selected oral
presentations on each day at 12.00
The formal Poster Session will be held on Wednesday 17.45–19.00.

*Denotes presenter.

  701  

  Short oral presentation, Tuesday  

Joining up the Dots – Ensuring What We Develop is Both Needed, Accessible and
Builds Capacity
Fatim Lakha*1, Lalintip Hocharoen2, Panit Kitsubun2,3, Peera Jaru-Ampornpan3,
Anan Jongkaewwattana3, Stuart Haslam4, Anne Dell4, Mark Smales5, Colin Robinson5,
Tarit Mukhopadhyay6, Daniel Bracewell6, and Richard Coker1
London School of Hygiene and Tropical Medicine, Mahidol University, Bangkok, Thailand
King Mongkut’s University of Technology Thonburi, Bangkok, Thailand
3
National Center for Genetic Engineering and Biotechnology, Bangkok, Thailand
4
Imperial College, London, UK
5
University of Kent, Canterbury, UK
6
University College London, London, UK
1

2

Our vision is to establish biopharmaceutical and animal vaccine production capacity in Thailand and
neighbouring SE Asian countries and in doing so contribute significantly towards achieving a number of the
World Health Organisation’s Sustainable Development Goals.
An essential component is being cognizant of the context in which we are working and use this knowledge
to leverage our ability to recognise where the greatest needs are; where we can make the greatest impact
both for the end user and society as a whole; and where we can build capacity along the value chain.
To do this requires a multitude of small and interconnected steps to take place in tandem with the laboratory
and technical aspects. These include ensuring a multidisciplinary executive team; building good working
practices which strengthen the ability to transcend silo working; undertaking country specific desk top
situation analyses to gain insight to the cultural, academic, public policy, regulatory and economic landscape
with respect to biotechnology and the health sector; carrying out country specific epidemiological needs and
comparative stakeholder/corporate assessments plus providing 2, 5 and 10 year projections of needs and
demands; and development of a roadmap detailing the route from laboratory science to end user.
One of our initial identified projects is to show proof of concept for a trastuzumab biosimilar in Thailand. In
this talk I shall outline in more depth each of the steps alluded to above and describe what we hope to do,
where we are just now, what challenges we have come across in our first nine months and the steps we
are taking to address both the challenges to date and those we can foresee in the future.
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Establishing biopharmaceutical and animal vaccine production capacity in Thailand
and neighbouring South East Asian countries: A UK-Thai partnership
Maria Livanos*6, Lalintip Hocharoen2, Panit Kitsubun2,3, Peera Jaru-Ampornpan3,
Fatim Lakha1, Richard Coker1, Stuart Haslam4, Anne Dell4, Mark C Smales5, Colin Robinson5,
Tarit K Mukhopadhyay6, and Dan G Bracewell6
London School of Hygiene and Tropical Medicine, Mahidol University, Bangkok, Thailand
King Mongkut’s University of Technology Thonburi, Bangkok, Thailand
3
National Center for Genetic Engineering and Biotechnology, Bangkok, Thailand
4
Imperial College, London, UK
5
University of Kent, Canterbury, UK
6
University College London, London, UK

1

2

Our goal is to bring about a permanent step change in the capacity of Thailand, and eventually other SE
Asian countries, to produce a range of advanced affordable medicines and vaccines for the treatment of
major human and animal diseases. The project brings together Thai groups at the forefront of the country’s
new program to produce recombinant proteins, UK groups that have developed state of the art E. coli,
yeast and CHO cell based expression systems as well as downstream processing and analytic tools, and
Bangkok-based UK specialists in SE Asian healthcare, economic policies and dissemination tools.
The biopharmaceutical manufacturing aspect of the project uses ranibizumab as an exemplar of an
E. coli produced biosimilar and trastuzumab as a CHO based system. The project is designed to take an
integrated strategy to clone selection, media optimisation and downstream processing to meet the desired
product characteristics with a particular focus on product variants such as glycosylation analysis via mass
spectrometry. This aspect benefits from the published analytical information on these biosimilar molecules
to help establish targets for biosimilarity. Upstream development within this project using these two hosts
is initially focused on cell line engineering, vector construction and media development so as to deliver two
platforms for capacity building towards cGMP-compliant production of protein biologics in Thailand. The
upstream activities work alongside activity to build downstream process development expertise in Thailand
by focusing on methods to scale-down these activities to rapidly explore new process options.
Recombinant protein technology will be used to produce antigens to some of the most devastating and
prevalent swine viruses in Thailand; the initial focus will be porcine circovirus (PCV). A porcine circovirus
vaccine based on a protein sub-unit has been designed and expressed in a yeast secretion system in order
to create a low cost manufacturing process for this animal vaccine. This will lift the economic burden from
the farmers by providing cheaper but more effective serotype matched vaccines that correspond to the local
circulating strains. If successful, it will provide an alternative to using non-matched live-attenuated vaccines.
In establishing biopharmaceutical and animal vaccine production capacity in Thailand and neighboring
SE Asian countries an essential component is awareness of the needs and demands for these products
both within Thailand and across the region. Epidemiologically-based needs and comparative stakeholder/
corporate assessments will be carried out and analyzed along with 2, 5 and 10 year projections of needs
and demands.
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  703     Short oral presentation, Tuesday  

Virus Clearance from Conventional and Unconventional Process Steps in Biologics
Rahul Fadnis, Prabhu Rudrappa*, Naveen Gujjar, and Shweta Aggarwal
Syngene International Ltd, Bangalore, India
Viral Safety of biopharma manufacturing processes has ensured safe drug supply to patients, globally. This
is attained through different mechanisms built into the process with orthogonal modes/approaches of viral
removal/clearance. The clearance (i.e. virus removal or inactivation) is usually demonstrated on process
steps largely intended to establish product purification during drug manufacturing. Conventionally, Protein-A
chromatography, Low-pH inactivation, Anion exchange chromatography and Nano-filtration process steps are
evaluated to demonstrate virus clearance for manufacturing processes of antibodies with neutral to basic
isoelectric points.
Demonstration of virus clearance becomes challenging when manufacturing process steps like solvent/
detergent inactivation, cation exchange and depth filtration are evaluated for enveloped and non-enveloped
viruses. The present study discusses the virus clearance performance of these unconventional steps under
different sets of process conditions like solvent/detergent concentrations, flow rate conditions for depth
filtration and acidic conditions for CEX chromatography. The presentation also provides the challenges
encountered during the execution of viral clearance assays like toxicity, acidic pH in study samples and
how they were overcome with the help of a case-study. The viral clearance data from these unconventional
process steps can be leveraged to build-in viral safety in the manufacturing process.

  704  

Peptide Dendrons – Novel Excipient To Stabilize IgG1 Monoclonal Antibody
Formulations
Ankita Bhargava*, Rohit Bansal, Soumili Chattopadhyay, Govind P Mauraya,
V. Haridas, and Anurag S Rathore
Department of Chemical Engineering, Indian Institute of Technology, Delhi, India
Biotherapeutics such as monoclonal antibodies (mAbs) have a major share of the pharmaceutical
industry for treatment of life-threatening chronic diseases such as cancer, skin ailments, and immune
disorders. Instabilities such as aggregation, fragmentation, oxidation, and reduction have resulted in the
practice of storing these products at low temperatures (-80°C to -20°C). However, reliable storage at
these temperatures can be a challenge, particularly in developing and underdeveloped countries; hence,
lately, there has been a renewed interest in creating formulations that would offer stability at higher
temperatures (25°C to 55°C). Most therapeutic formulations contain excipients such as salts, sugars,
amino acids, surfactants, and polymers to provide stability to the biotherapeutic, but their efficacy at high
temperatures is limited. The current work proposes the use of peptide dendrons of different generations
to create formulations that would be stable at high temperature. Among these dendrons, third generation
lysine dendron L6 has been identified to provide the highest stability to mAbs, as demonstrated by a host
of analytical techniques such as size-exclusion chromatography (SEC), dynamic light scattering (DLS),
Nanoparticle tracking Analysis (NTA), and circular dichroism (CD). The biocompatibility of these dendrons
was confirmed by hemolytic activity tests. Non-interference of the dendrons with the activity of the mAb
was confirmed using a surface plasmon resonance (SPR) based activity assay. We hope that this study will
stimulate utilization of such higher-generation dendrons for enhancing the thermal stability of mAbs.
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  705     Short oral presentation, Tuesday  

Process economy impact of using a highly alkaline-stable, high-capacity protein A
chromatography resin
Hans Blom, David Westman, Josefin Bolik, and Sofie Stille*
GE Healthcare Life Sciences, Uppsala, Sweden
Any decisions related to the design of a mAb capture step in a purification process will always be strongly
influenced by economic considerations. As every process is unique, the benefit of a resin will vary with
the process scenario. The scenario, in turn, relates to the desired process outcome like shorter processing
times, increased productivity, or increased resin lifetime to name a few.
This study consists of a process economy simulation that aims to demonstrate the influence of the
performance of three protein A chromatography resins on the main process output parameters. One critical
aspect in such a comparison is the required number of batches produced per year. In a clinical production
scenario, only a part of the resin lifetime is typically utilized. While in a commercial manufacturing-scale
setting, the resin cost will be distributed over the entire resin lifetime. As will be shown, the influence of
the dynamic binding capacity and alkaline stability for the process economy per batch can be substantial.

  706  

Monoclonal Antibody Aggregate Removal using POROS Hydrophobic Interaction
Chromatography (HIC) Resins in Bind-Elute Mode
John J Li, Stephen Hattan, Rachel Jansen, Wenbin Qi, Alejandro Becerra, and Moira Lynch
Thermo Fisher Scientific, Singapore
Presented by Siow Leng Sim
To meet purification challenges of more diversified classes of biomolecules, a series of Hydrophobic
Interaction Chromatography (HIC) resins were developed with extensive user input. Resin design goals
focused on addressing typical pain points for current HIC separations such as resolution, capacity and
product recovery. In monoclonal antibody (mAb) purification processes, HIC offers orthogonal selectivity
to ion exchange chromatography for clearance of aggregate, host cell proteins (HCP) and other process
and product-related impurities. Here we present application data for a process development study using
POROS HIC in Bind-Elute mode with a model high-aggregate containing (>10%) mAb molecule. The
general approach presented herein can be used to solve similarly complex downstream challenges in other
therapeutic modalities.

  707     Short oral presentation, Wednesday  

LC-MS/MS Assessment of Monoclonal Antibody Stability: Monitoring Tryptophan and
Methionine Oxidation
Kalaiyarasi Duraisamy, Trupta Gandhi, Monika Raina, and Ravi Krovidi*
Syngene International Ltd, Bangalore, India
Monoclonal antibodies (mAbs) are highly complex biomolecules comprising of a long chain of amino acids
maintained in their desired conformation over a defined period of time to retain stability, efficacy, and to
comply with regulatory requirements. Protein oxidation is a deleterious and irreversible post translational
modification known to occur on multiple residues including methionine, tryptophan, lysine, cysteine, or
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histidine. Methionine or tryptophan oxidation in the complementarity-determining regions (CDR) of mAbs
can reduce the antigen binding and potency of these products. Here we report a rapid digestion assisted
LC-MS/MS based method to identify site-specific mAb oxidation located in the CDR domain.
Methods
A canine monoclonal antibody was used in this study. Reference mAb, 100 µg, was subjected to forced
oxidation treatment conditions involving 10% AAPH and 0.075% hydrogen peroxide for tryptophan and
methionine residues, respectively. Our rapid digestion approach involved the denaturation of oxidised
mAb using freshly prepared 8 M urea, reduction with 10 mM DTT, followed by proteolytic digestion with
trypsin at 37°C for 15 minutes. Resulting proteolytic peptides were desalted using 3M Empore® C18 discs.
Mass spectrometry analysis was performed using a reverse-phase analytical column (Waters CSH C18,
2.1 × 150 mm, 1.7 µm) for 140 minutes with liquid chromatographic separation on an Agilent 1200 LC
system coupled in-line with a Xevo-QTOF MS (Waters) equipped with a standard microflow source.
Preliminary Data
A method was developed to accurately identify site-specific oxidation using state-of-the-art LC-MS/MS. A
140 minute RP-HPLC linear gradient was developed to resolve the reference mAb tryptic peptide mixture.
Tandem mass-spectrometry (MS/MS) analysis was performed, and CID-fragmented peptides were
identified by using UNIFI software. Preliminary data analysis confirms the standard reference mAb protein
sequence yielding 100% sequence coverage with a mass accuracy of 10 ppm. Identified protein sequence
includes two unique peptides confined to CDR domains, one of which contains methionine, and one which
contains tryptophan. The extent of oxidation on methionine and tryptophan were determined by selected
ion chromatogram analysis of the oxidised peptides. We observed a mass shift of 16 Da corresponding to
oxygen addition.
Novel Aspect
Our analytical method of oxidized CDR could potentially be utilised to assess mAb stability for regulatory
submissions.
References
Dashivets T, Stracke J, Dengl S, Knaupp A, Pollmann J, Buchner J, Schlothauer T. Oxidation in the complementaritydetermining regions differentially influences the properties of therapeutic antibodies. mAbs 2016; 8:1525–35

  708  

Downstream Purification Solutions for Viral Vectors: Enabling Platform Approaches to
Advance Cell and Gene Therapies
Orjana Terova, Jessica de Rooij, Stephen Soltys, Shelly Parra, Pim Hermans, and Frank Detmers
Thermo Fisher Scientific, Singapore
Presented by Siow Leng Sim
Over the past decade, gene therapy applications and their importance in the biopharmaceutical industry
have been increasing. The non-pathogenic adenoassociated virus (AAV) has emerged as the vector of choice
for many therapies but purification of biologically active viral vectors for large-scale commercial use is a
challenge. Thermo Fisher Scientific has developed downstream purification solutions, enabling the scale-up
of viral vector production.
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Assessment of Functional Activity of Biological Products
Niharika Budholiya*, Rozaleen Dash, Neh Nupur, and Anurag S Rathore
Department of Chemical Engineering, Indian Institute of Technology, Delhi, India
Biosimilars are biotech drugs that have been shown to have comparable quality, safety and efficacy to the
original product. The past decade has seen a significant increase in interest in these products. A tremendous
amount of analytical testing is required to support a biopharmaceutical product from discovery, development,
and clinical trials, through manufacturing and marketing. Therefore, requirement of optimal analytical
technology to demonstrate high level of assurance that the quality of the biosimilar medicine is comparable
to the reference medicinal product. A number of studies have been reported on development of platform
methods or approaches for demonstrating structural comparability with the reference product. However,
reports on assessment of functional comparability are relatively limited either to determination of binding
affinity to the pertinent receptors or to determination of the potency/ proliferation (depending on the
mechanism of action) of the biosimilar on the relevant cell lines. The study was performed with the objective
to assess the comparability of the biosimilars both microbial (GCSF) as well as mammalian origin (Rituximab)
with their innovators. Biological characterization tools include binding assays such as Fluorescence-activated
cell sorting (FACS), Surface Plasmon Resonance (SPR) and Bio-Layer Interferometry (BLI) as well as those
that directly measure biological functionality and in vitro cell proliferation such as antibody-dependent cellular
cytotoxicity (ADCC) and Complement Dependent Cytotoxicity (CDC). The results illustrate that while some
of the biosimilars are comparable to the innovator product, others show significant dissimilarities. The utility
and importance of using this arsenal of biological tools for characterization and comparability assessment of
biosimilars is demonstrated.

  710  

  Short oral presentation, Wednesday  

Opportunities, challenges, and economic drivers for start-to-finish continuous
biomanufacturing
Liselotte Molander and Avril Vermunt*, GE Healthcare Life Sciences, Uppsala, Sweden
Continuous unit operations have been used successfully in manufacturing of several approved products
with a collective revenue of 25 Bn USD annually. Many large biopharmaceutical organizations are exploring
more potential solutions that could drive continuous operations on the manufacturing floor. Continuous
biomanufacturing carries the hope for achieving the next level of efficiency through significant increases in
productivity, floor space reduction, and lower capital cost for manufacturing facilities as well as lower production
costs. Combining many innovative, promising unit operation technologies with single-use equipment can
offer significant economic advantages over batch processing in traditional stainless steel installations.
Adopting advanced process design will need an accurate business case and risk profile for implementation.
Within the risk profile, assurance of patient safety and supply through product quality demonstration will be
critical. Optimizing the operating space of an entire process, versus a unit operation, will call for thoughtful
automation and control strategies. Simplification of equipment design and operator interface points will also
be key to success.
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  711  

  Short oral presentation, Wednesday  

How Extractables Data Can Be Used To Mitigate Risk in Bioprocessing
Sade Mokuolu, WMFTG Biopure, Wilmington, MA, USA
It has been over a decade since the first single use components were utilised with biopharmaceutical
manufacturing. Single-Use technologies are now established as a suitable alternative to stainless steel as
well as emerging within hydrid facilities. Single use systems comprises of tubing, connectors, gaskets,
filters and biocontainers. These components have been used on a range of diverse biopharmaceuticals such
as vaccines, insulin and rheumatoid arthritis.
The method of qualifying these components has been developed over the years as their use within
biopharmaceutical manufacturing has increased. Within the expanding SUT industry, intense debate
between suppliers and end users of SU components remains on extractables. Knowledge of the
extractables profile can be immensely aid risk assessment strategies. They can be used to understand
whether there are any components of a potential safety concern.
With the biopharmaceutical industry has been a growing requirement for more extensive detail around the
extractables packages of single use components. An industry phorum called BioPhorum operations Group
(BPOG) consisting of 20 of the largest biopharmaceutical companies set about providing clarity to suppliers
on how to generate extractables profile for single use components.
In 2014, BPOG have published a detailed protocol on extractables testing. This protocol provides a
framework for testing including the range of extraction solvents to be used, pre treatment of the
components, extraction temperature and extraction time.
The paper presented at this conference will describe the extractables studies undertaken on different
types of single-use components in particular fluidpath products such as platinum cured silicone tubing and
polypropylene connectors.
It will highlight the methodology taken, and detail the range of analytical techniques used to provide an
extractables profile for fluid contact single-use components. It detail how different extraction solvents can
provide a range of unique extractables profile. In particular, how organic solvents can be more extracting
than aqueous based solvents.
Unique discussion points will also include the differences in the extractables profile depending
on sterilisation methods and the effect that post curing of silicone tubing has on the presence of
cyclosiloxanes.
There will be a section on the use of extractables data for risk assessment and how to present the
extractables to a regulatory body to demonstrate that the safety and quality of the drug product woluld not
be impacted by the utilisation of single use components within the manufacturing process.
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Study of Blood Type Antibody Elimination from IVIG using Anti-A/B Eshmuno P
Chromatography Resins
Yujuan Shao, Shandong Taibang Biological Products Co., Ltd, Taian, China
Presented by Dianwei Song
Objective
To establish the affinity chromatography method to eliminate the blood type antibody in IVIG and evaluate
the feasibility.
Methods
The IVIG was isolated using Anti-A/B Eshmuno P Chromatography Resins separately. The liquid of flow
through was collected. The sample of pre-and post-affinity chromatography was test including Anti-A and
anti-B haemagglutintins, protein concentration. The recovery of protein was calculated.
Results
There is a significant difference between the Anti-A and anti-B haemagglutintins of the sample of preand post-affinity chromatography. The Anti-A and anti-B haemagglutintins of the sample after affinity
chromatography were reduced from 1:64 to 1:8. The recovery of protein more than 95%.
Conclusion
The two affinity resin of Anti-A/B Eshmuno P Chromatography Resins can eliminate the blood type antibody
in IVIG effectively. The recovery of protein is high. The method has certain feasibility.

  713  

Understanding the Science Behind Liquid Leak and Microbial Ingress Mechanisms as
the Foundation for Single Use Container Closure Integrity (SU-CCI)
Marc Hogreve, Jean-Marc Cappia, and Carole Langlois
Sartorius-Stedim Biotech, Göttingen, Germany
Presented by Luke Coxon
With the expansion of Single Use Systems (SUS) in all process steps of commercial manufacturing,
integrity failure can significantly impact drug safety, availability and costs. Consequently, there is an
increasing industry scrutiny on SU-CCI, raising the need to develop good science behind liquid leakage and
microbial ingress and appropriate physical integrity testing technologies.
The authors will first review the emerging industry association’s initiatives and introduce an integrated
quality by design, material science and process control approach as the pre requisite to SU-CCI.
The presentation will then describe how applying good science helps to determine the maximum allowable
leakage limit (MALL) under which no product leakage and no bacteria ingress can occur with SUS under
various fluid and process conditions. The understanding of liquid leakage and bacteria ingress mechanisms
also enables validated robust liquid leak tests and microbial aerosol challenge that both are correlated to the
detection limits of physical integrity testing methods.
The authors will conclude with the development of highly sensitive deterministic integrity testing
technologies such as gas tracer detection and pressure decay technology to enable the detection at the
limuit of the MALL. Helium based Supplier Integrity Test (SIT) for instance is able to control the finished
products with a detection limit of 2 µm and is correlated to both liquid leakage and microbial ingress under
all tested process conditions.
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Setting Up of a Plasma Fractionation Plant in India: Challenges and Opportunities
Ranjeet S Ajmani
PlasmaGen BioSciences, Bangalore, India
India is one of the fastest growing economies around the world with a huge potential to grow further. With
a population base of 1.3 Billion people, there are competing health priorities. India faces a huge disease
burden change related to life style and innate diseases. To deal with this challenge the critical heath care
segment in India has also been developing fast.
India has about 2900 blood banks, which collect about 10 million units of blood annually. Because of
multiple reasons, only 40% of blood is componentized and 60% is used as whole blood for transfusion.
Out of this 40% plasma, 30%–35% is used clinically whereby only 300,000 to 500,000 L is available for
fractionation. This quantity of plasma is not sufficient to meet the growing demand of plasma products
amongst Indian patients. Furthermore, India has very limited domestic plasma processing capacity and that
is why India is highly import dependent for Plasma Derived Medicines (PDM’s). This is coupled with low
rate of medical coverage, low rate of diagnosis, affordability and availability of the products. With this in
perspective, India/ developing countries needs to explore/work on different models of plasma fractionation
plant, which are sustainable from scientific and financial point of view.
In the last decade, increased clinical awareness about PDM’s, active plasma product industry & several
regulatory reforms has led to an increased focus on plasma protein therapy in India. One of the key
milestones is the recent formulation of National Plasma Policy for utilization of plasma to improve access
to PDM’s. Along with these changes, India needs to develop a firm plasma supply from recovered as well
apheresis sources, build plasma fractionation capacity and undergo facilitative regulatory reforms to stride
towards achieving self-sufficiency in PDM’s
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Purification of Plasma-derived Factor IX Using a Highly Selective and
Specific Affinity Resin
Amit Pawar, Sheetal Dolia, Sumita Bardhan, Ritesh Saraf*, and Suma Ray
Intas Pharmaceuticals, Celestial Division, Ahmedabad, India
A richly purified preparation of human clotting Factor-IX (F-IX) was produced from cryo-poor plasma obtained
from healthy donors, using an affinity resin followed by Anion Exchange (AEX) AEX capture media. Two
affinity resins A and B were evaluated for the separation of F-IX. The quality attributes of the eluates
obtained from both the affinity resins were compared using SDS-PAGE and F-IX specific activity. Resin B,
containing the specific single chain antibody fragment directed against F-IX, showed better selectivity to
F-IX with specific activity of 160 ± 20 IU/mg of protein compared to eluate of resin A with specific activity
of 35 ± 5 IU/mg of protein. The polishing step included resolution of closely related impurities using
hydrophobic interaction chromatography (HIC). The purified product obtained using coupled chromatography
of the specific AEX-affinity resin B together with a HIC media showed a very high purity of ~ 96% by
SE‑HPLC, ~ 65% recovery and F-IX specific activity of 250 ± 30 IU/mg of protein, which is 2.5 times higher
compared to product obtained using AEX- affinity resin A and HIC combination, having a F-IX specific activity
of 100 ± 20 IU/mg of protein and a recovery of 40%.
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Automation of cell bleeding in CHO perfusion culture by on-line oxygen transfer
measurements as viable cell density indicator
Felix Roth1,2*, Stephen Goldrick1,2, Christopher Spencer2, RichardTurner2, Martina Micheletti1,
and Suzanne S Farid1
1
2

University College London, London, UK
MedImmune, Gaithersburg, MD, USA

In modern CHO perfusion cultures, viable cell densities of 100 × 106 cells mL-1 and above can be sustained
for time periods exceeding one month. The operation of such a system requires frequent sampling for
viable cell density measurements necessary to perform cell bleeding and adjust the perfusion rate to a cellspecific perfusion rate set-point. This is currently a daily manual off-line task resulting in large shifts in cell
density throughout the duration of the cell culture run. On-line probes to measure cell density exist, but add
further cost to small-scale multi-reactor process development runs and may not be available for ultra scaledown systems. This study explores the potential of an alternative approach implementing readily available
online process measurements to continuously monitor cell density in the reactor. More specifically, the
study focuses on deriving a correlation enabling the viable cell density to be predicted based on existing online dissolved oxygen (DO) measurements and process variables. Applications of this technology to process
control include automation of cell bleeding and perfusion rate adjustments. No additional equipment
beyond the standard DO probe in addition to standard recorded process measurements are required for the
operation of this novel soft-sensor.

  717  

Scale-Up of an End-to-End Continuous BioProcessing Platform for
Manufacture of Biologics
Peter Levison
Pall Biotech, Portsmouth, UK
One significant opportunity for evolutionary change in the biopharmaceutical industry is the widespread
adoption of integrated continuous bioprocessing for biologics manufacturing. Key to its success is the
availability of scalable novel upstream and downstream technologies that will not only reduce facility
footprint, capital expenses and product cost of goods (CoGs), but also will increase process productivity,
flexibility and further facilitate the utilization of single-use and/or disposable technologies.
We have developed a family of products designed for the cost effective and reliable implementation of
continuous bioprocessing of biological drugs at PD scale and have scaled up each of these platforms for use
in a cGMP environment suitable for processing up to 2000 L of fed batch cell culture, or up to 2000 L/day
perfusion culture. These scalable single-use continuous bioprocessing platforms are based on the Cadence™
Acoustic Separator exploiting acoustic wave separation technology (AWS) for continuous clarification of
cell culture, Cadence Single-Pass TFF (SPTFF) platform for continuous concentration and diafiltration, the
Cadence BioSMB Systems for multicolumn continuous chromatography and the Cadence Virus Inactivation
System for continuous virus inactivation.
We will describe the scalability of each of these unit operations associated with both fed batch and
perfusion based mAb cell culture using experimental data generated from industrial feed streams. By
adopting a single-use approach across the platform, the flowpath operates in a closed configuration with
low bioburden which facilitates manufacturing flexibility in the facility and lends itself to multiproduct
development and manufacture. We will include an economic analysis of the continuous process based on
empirical data generated during an end-to-end continuous run and compare it with the traditional batch
operations both stainless steel and single-use.

58   BioProcessing Asia 2018

  718  

  Short oral presentation, Thursday  

Pall Cadence Acoustic Separator for Continuous Perfusion Cell Culture:
Cell Retention Device and Downstream Filtration
Michael Collins, Pall Biotech, Portsmouth, UK
Presented by Peter Levison
As the biopharmaceutical industry evolves toward fully continuous purification processes, perfusion
bioreactor systems become more and more attractive for therapeutic manufacturing. Conventional
perfusion cell culture processes are designed to reach a “steady state” where viable cell density is kept
relatively constant enabling consistent product expression for the duration of the process. Thus, ideal
perfusion processes output predictable product concentrations at constant rates ready for downstream.
Leveraging this principle naturally links perfusion bioreactors with continuous downstream bioprocessing.
Most perfusion cell culture processes rely on membrane based cell retention devices to keep cells in the
bioreactor while allowing the molecule of interest to permeate through. These cell retention devices often
foul over time, restricting the functional range of the device, and create a barrier to product transmission.
The Cadence™ Acoustic Separator is a filterless technology that delivers 100% product transmission. This
disruptive single-use device facilitates continuous processing across a wide range of operating conditions.
The process development scale system has been designed to operate continuously, supporting perfusion
rates up to 20 L/day and is capable of fostering bioreactor cell densities up to 100 × 106 cells/mL.
Following a series of performance mapping and optimization studies, we present a detailed operating
window for the acoustic separator and logical filter selection guidelines based on current offerings.
This information will enable users to harness their perfusion cell culture platform and produce a continuous
harvest stream ready to be integrated with Cadence™ BioSMB PD chromatography systems.
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Simplification of Buffer Management and Improvement of Buffer Control with
Inline Conditioning (IC)
Karolina Busson, Enrique Carredano, Jenny Dunker*, and Debora Otero
GE Healthcare Life Sciences, Uppsala, Sweden
Multiple buffers of a wide range of formulations are required to produce one single biopharmaceutical.
Because of the large volumes required, and the complexity of them, buffer preparation can easily become
a bottleneck in the manufacturing process. Traditionally, buffers are prepared manually according to specific
recipes in the volumes needed for the process, and due to the quantities used, buffer management will
require careful planning. In addition to significant labor investment, there is a risk of human error associated
with such a time-intensive manual activity. Buffer variability can affect both quantity and quality of the final
product. Also, associated with the cost is the floor space required for the preparation and storage of such
large buffer quantities.
Here we present a lean approach that automates the buffer preparation using premade stock concentrates
connected to an Inline Conditioning system. Buffers of different formulations for mAb and plasma
processes have been prepared in an automated, consecutive manner, minimizing manual interactions. To
further reduce the time and space required for buffer preparation, ready-made, highly concentrated, lowvolume stock solutions were used. Feedback regulation of the final buffers, using dynamic control, ensured
accurate formulations.
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Leveraging Synthetic Biology to Improve Cost of Production
Brian Taylor, Zymergen, Emeryville, CA, USA
Recent advances in molecular technologies, and the growing overlaps between biology, and technologies like
artificial intelligence, are powering large advances in our understanding of biological systems. Today, we can
use these systems approaches to improve biological processes by identifying novel genetic pathways and/
or eliminating deleterious ones, or to discover and produce novel molecules. The diversity across natural and
synthetic biology systems allows for access to millions of molecules that would otherwise be difficult (or
impossible) to synthesize, with novel functionality, for applications across industries including pharmaceuticals.
Importantly, this does not include molecules still waiting to be discovered.
Biological cells are incredibly robust and flexible systems, with virtually infinite capacity for perturbation.
But testing these changes takes time and resources. Pairing robotics and automation capabilities with
biological insights, and adding a layer of machine learning and data science to analyze the massive datasets
through time and space, uncovers nuanced insights that would be impossible to reach through traditional
(i.e. manual) biology approaches. The power of a system that integrates all of these capabilities (automation,
robotics, data science, molecular biology) is observed in non-intuitive outcomes that result in improvements
tens to hundreds of times better: better cell performance, more product output, better product purity, more
efficient processes, significantly better product economics, etc…the list is endless.
In a world where cost pressures, regulatory challenges, and time-to-market play critical roles for company
and product success, comprehensive and multidisciplinary approaches to product innovation will be critical
for uncovering additional economic value. Furthermore, product and process sustainability will increasingly
drive corporate and consumer decisions, favoring bio-based solutions. Technology platforms that can quickly
and smartly arrive at these solutions are poised to be market winners.
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