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9:00 AM - 5:00 PM
Registration
Abbot, Sunriver
Lodge

4:30 PM - 6:00 PM
Cocktail Reception
The Backyard,
Sunriver Lodge

7:00 PM - 8:00 PM
Keynote

The Backyard,
Sunriver Lodge

8:30 PM - 10:30 PM
Poster Session 1
Sage Springs
Pavilion

10:30 PM
Recovery Lounge
Opens

Owl’s Nest,
Sunriver Lodge

Mon 3 June 2024

7:00 AM - 8:00 AM
Welcome Breakfast
Homestead

8:00 AM - 9:45 AM
Oral Session 1: The
Adventure Begins at
Harvest

Sage Springs
Pavilion

9:45 AM -10:15 AM
Mid-Morning Break
Sage Springs
Pavilion

10:15 AM - 12:00 PM
Oral Session 2:
Advances in
Structure-Function
Understanding and
Developability As-
sessment for Novel
Biologics

Sage Springs

Pavilion

12:00 PM - 1:15 PM
Lunch (Boxed)
Sage Springs
Pavilion

1:00 PM - 5:30 PM
Networking
Activities (Timing
varies by activity)
Besson Commons

6:00 PM - 8:00 PM
Cocktail Reception
& Dinner: “Recovery
Rodeo”

Mt. Bachelor Lawn

8:30 PM - 10:30 PM
Poster Session 2
Sage Springs
Pavilion

10:30 PM
Recovery Lounge
Opens

Owl’s Nest,
Sunriver Lodge

HELPDESK HOURS

Abbot, Sunriver Lodge
Monday: 7:00 AM - 6:00 PM
Tuesday: 7:00 AM - 5:00 PM
Wednesday: 7:00 AM - 6:00 PM
Thursday: 7:00 AM - 6:00 PM
Friday: 7:00 AM - 10:00 AM

Tues 4 June 2024

7:00 AM - 8:00 AM
Breakfast
Homestead

8:00 AM - 9:45 AM
Oral Session 3:
Mission Impurity
Characteriza-

tion: Advances,
Challenges, and
Regulatory Insights
Across Modalities
Sage Springs
Pavilion

9:45 AM - 10:15 AM
Mid-Morning Break
Homestead,
Landmark or

Abbot

10:15 AM - 12:00 PM
Roundtable #1:
Abbot
Roundtable #2:
Homestead 1
Roundtable #3:
Homestead 2
Roundtable #4:
Homestead 3
Roundtable #5:
Landmark

12:00 PM - 1:15 PM
Lunch
Besson Commons

1:15 PM - 2:35 PM
Oral Session 4:
Escapades of a
Continuous Nature
Sage Springs
Pavilion

2:35 PM - 3:05 PM
Afternoon Break
Sage Springs
Pavilion

3:05 PM - 5:15 PM
Oral Session 5:
Principles, Strategies
and Highlights of
Modelling and Data
Analytics in Bioman-
ufacturing

Sage Springs
Pavilion

5:30 PM

Buses Depart
Sunriver for Offsite
Event

Besson Commons

5:30 PM - 10:00 PM
Downtown Bend
Walking Tour &
Dinner

Downtown Bend

10:30 PM
Recovery Lounge
Opens

Owl’s Nest,
Sunriver Lodge

Weds 5 June 2024

7:00 AM - 8:00 AM
Breakfast
Homestead

8:00 AM - 9:45 AM
Oral Session 6:
Adsorptive Sepa-
rations Across the
Universe of Biologics
Sage Springs
Pavilion

9:45 AM - 10:15 AM
Mid-Morning Break
Inside of Sage
Springs Pavilion

10:15 AM - 12:00 PM
Oral Session 7:
Separating Without
Sticking - Adventures
in Non-Adsorptive
Separations

Sage Springs

Pavilion

12:00 PM - 1:15 PM
Lunch (Boxed)

Sage Springs
Pavilion

1:00 PM - 5:30 PM
Networking
Activities (Timing
varies by activity)
Besson Commons

6:00 PM - 7:15 PM
Cocktail Reception &
Dinner

The Backyard,
Sunriver Lodge

7:30 PM - 8:30 PM
Roundtable
Readout

Sage Springs
Pavilion

8:30 PM - 10:30 PM
Poster Session 3
Sage Springs
Pavilion

10:30 PM
Recovery Lounge
Opens

Owl’s Nest,
Sunriver Lodge

Thurs 6 June 2024

7:00 AM - 8:00 AM
Breakfast
Homestead

8:00 AM - 9:45 AM
Oral Session 8:
Capers and Antics
Across the Purifica-
tion Process

Sage Springs
Pavilion

9:45 AM - 10:15 AM
Mid-Morning Break
Sage Springs
Pavilion

10:15 AM - 12:00 PM
Oral Session 9:
Manufacturing
Control PAT:
Successful
Implementation and
Continuing Obstacles
Sage Springs

Pavilion

12:00 PM - 1:00 PM
Lunch
Homestead

1:15 PM - 2:35 PM
Oral Session 10:
Instagram vs.
Reality: Challenges,
Surprises, and
Successes in Fitting
Your Perfect Process
into an Imperfect
Manufacturing
Facility

Sage Springs
Pavilion

2:35 PM - 3:05 PM
Afternoon Break
Sage Springs
Pavilion

3:05 PM - 4:50 PM
Oral Session 11:
Innovative Purifica-
tion Technologies
Sage Springs
Pavilion

4:50 PM - 5:15 PM
Closing Remarks
Sage Springs
Pavilion

6:00 PM - 10:00 PM
Closing Dinner: An
Evening Under the
Stars

Great Hall

10:00 PM
Recovery Lounge
Opens

Owl’s Nest,
Sunriver Lodge

Fri 7 June 2024

7:00 AM - 8:00 AM
Breakfast
Homestead
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sunriver, Oregon June 2-7, 2024

The Adventure is
Out There

An International Conference

In Association with the American Chemical Society’s
Division of Biochemical Technology (BIOT)

Conference Management Provided by
Precision Meetings & Events, Inc.
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A WELCOME FROM THE CONFERENCE CO-CHAIRS

We are overjoyed to extend a warm invitation to an extraordinary event that promises to be a confluence of
innovation, expertise, and camaraderie. We welcome not only first-time attendees but also our venerable
colleagues, some of whom have been part of this since its beginning. We hope you will enjoy this unparalleled
opportunity to meet industry leaders from around the world, representing both eminent corporations and
innovative startups, as well as renowned academic researchers. As co-chairs, we are eager to share our
enthusiasm for the upcoming adventures in Bioprocessing and to uphold the high standards set by previous
conferences.
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Together, we will explore 11 oral sessions that tackle the pressing challenges of our field, showcase revolutionary
technologies, and address manufacturing and purification obstacles. Here is a glimpse of the journey that awaits:

Oral session 1: The Adventure Begins at Harvest
Oral session 2: Advances in Structure-Function Understanding and Developability Assessment for Novel Biologics
Oral session 3: Mission Impurity Characterization: Advances, Challenges, and Regulatory Insights
across Modalities
Oral session 4: Escapades of a Continuous Nature
Oral session 5: Principles, Strategies and Highlights of Modelling and Data Analytics in Biomanufacturing
Oral session 6: Adsorptive Separations Across the Universe of Biologics
Oral session 7: Separating without Sticking — Adventures in Non-Adsorptive Separations
Oral session 8: Capers and Antics Across the Purification Process
Oral session 9: Manufacturing Control and PAT: Successful Implementation and Continuing Obstacles
Oral session 10: Instagram vs. reality: Challenges, surprises, and successes in fitting your perfect process into
an imperfect manufacturing facility
Oral session 11: Innovative Purification Technologies

Engage with peers and forge new connections during our 3 poster sessions, which will be replete with case
studies and innovative approaches to purification challenges.

We also invite you to broaden your horizons in our 5 Roundtables, where we will delve into sustainable
practices, pandemic preparedness, cost-effective therapeutics, modeling, and the unique challenges presented
by new modalities.

The networking activities scheduled for Monday and Wednesday afternoons are a hallmark of our conference
series, offering a blend of professional enrichment and personal enjoyment. We are thrilled to continue this
tradition with a variety of activities that capture the spirit of Sunriver, Oregon. Join us for a leisurely stroll along
the Deschutes River, or embrace the full array of outdoor adventures including biking, hiking, kayaking, canoeing,
white water rafting, zip-lining, and cave exploring.

Welcome to Sunriver, where every path leads to a new discovery
and every moment is an adventure waiting to unfold. At RXX,
the Adventure is Out There!

Best regards,
Jean, Bramie and John
Co-Chairs, Recovery of Biological Products RXX Conference

From Left to Right: Jean Bender, Visterra,
Inc., John Pieracci, Biogen, Abraham Lenhoff,
University of Delaware




RECOVERY CONFERENCE SERIES

The Recovery of Biological Products Conference Series is the premier international forum for the presentation
and discussion of recent advances in the operations used to recover biological products of therapeutic,
diagnostic and industrial value to society. The biennial Conference Series provides a unique venue for networking
with leaders in the field from both academia and industry to discuss the latest developments in downstream
bioprocessing. The size, venue and schedule of the meeting are specifically designed to provide multiple
opportunities for discussion and development of new areas and concepts relating to the separation, purification
and efficient processing of biological products.

The Recovery of Biological Products Conference Series is associated with the American Chemical Society’s
Division of Biochemical Technology (BIOT). This relationship maintains the Not-for-Profit status of the Conference
Series.

We are grateful to the ACS BIOT Division and to the Recovery Series Board for their support and
encouragement.

AC S Recovery of

W Chemistry for Life® Biological Products

Conference Series
Board of Directors
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Chair Arne Staby Novo Nordisk A/S
Secretary — Treasurer David Roush Roush Biopharm Panacea
Chair Elect Jean Bender Visterra, Inc.

Ordinary Members Jon Coffman AstraZeneca

Suzanne Farid University College London

Jurgen Hubbuch Karlsruhe Institute of Technology

Emeriti Members

Philip Lester
Nihal Tugcu

Stuart Builder
Steve Cramer
Brian Kelley

Jill Myers

Todd Przybycien

Andrew Ramelmeier

Jorg Thommes

Roche
Sanofi

Strategic BioDevelopment
Rensselaer Polytechnic Institute
Vir Biotechnology

TG Therapeutics

Rensselaer Polytechnic Institute
Adverum Biotechnologies
Consultant

Nigel Titchener-Hooker University College London

Ad-Hoc ACS-BIOT Representative
Ad-Hoc Board Members

Venkatesh Natarajan Amgen
Abraham Lenhoff
John Pieracci Biogen

University of Delaware



RXX ORGANIZING COMMITTEE

Conference Chairs:

Jean Bender, Visterra, Inc., United States (Senior Chair)
Abraham Lenhoff, University of Delaware, United States
John Pieracci, Biogen, United States

Conference Management Team

Peggy Marilley, Precision Meetings & Events, Inc. | 703-625-1437
Cate Rock, Precision Meetings & Events, Inc. | 703-967-6506
Helana Hager, Precision Meetings & Events, Inc. | 843-343-9421

Recovery XX Logo Designed by Moira Lynch, Thermo Fisher Scientific, United States

Oral Session Chairs

Session 1: The Adventure Begins at Harvest
Arick Brown, Amgen, United States
Brandon Christensen, Visterra, United States

Session 2: Advances in Structure-Function Understanding and Developability Assessment for Novel Biologics
Chen Wang, AbbVie, United States
Peter Tessier, University of Michigan, United States

Session 3: Mission Impurity Characterization: Advances, Challenges, and Regulatory Insights Across Modalities
Kristin Valente, Merck & Co., United States
André Dumetz, GSK, United States

Session 4: Escapades of a Continuous Nature
Andrew Tustian, Regeneron Pharmaceuticals, United States
Daniel Bracewell, University College London, United Kingdom

Session 5: Principles, Strategies and Highlights of Modelling and Data Analytics in Biomanufacturing
Sophie Karkov, Novo Nordisk, Denmark
Eric von Lieres, Research Center Jilich, Germany

Session 6: Adsorptive Separations Across the Universe of Biologics
Stefano Menegatti, NC State University, United States
Kevin Brower, Sanofi, United States

Session 7: Separating Without Sticking — Adventures in Non-Adsorptive Separations
Elizabeth Goodrich, MilliporeSigma, United States
Caryn Heldt, Michigan Tech, United States

Session 8: Capers and Antics Across the Purification Process
Yinying Tao, Eli Lilly and Company, United States
Thomas von Hirschheydt, Roche, Germany

Session 9: Manufacturing Control and PAT: Successful Implementation and Continuing Obstacles
Astrid Durauer, BOKU & Austrian Centre of Industrial Biotechnology, Austria
Emily Schirmer, Catalent Pharma Solutions, United States

Session 10: Instagram vs. Reality: Challenges, Surprises, and Successes in Fitting Your Perfect Process into an
Imperfect Manufacturing Facility

Olga Paley, Takeda Pharmaceuticals, United States

Brad Stanley, Biogen, United States

Session 11: Innovative Purification Technologies
David Wood, Ohio State University, United States
Brenda Carrillo-Conde, Pfizer, United States
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RXX ORGANIZING COMMITTEE (continued)

Poster Session Chairs

Ana Azevedo, Instituto Superior Tecnico, Portugal
Glen Bolton, Amgen, United States
Michaela Wendeler, AstraZeneca, United States

Roundtable Chairs

Recovery XX Roundtable 1: What Do We Do Today to Be Ready for the Next Pandemic? | Abbot

Sanchayita Ghose, BMS
Natarajan Ramasubramanyan, Thermo Fisher Scientific
Brian Kelley, Vir Biotechnology

Recovery XX Roundtable 2: Go Big or Go Home - Evolving Bioprocessing for New Modalities
| Homestead 1
Alexei Voloshin, Solventum

Matthew Westoby, Resilience
Hans Johansson, Purolite

Recovery XX Roundtable 3: What is the Future of Modeling for Recovery of Biological Products?
| Homestead 2:

Mariona Bertran, Novo Nordisk
Karol Lacki, Repligen
David Roush, Roush Biopharma Panacea — RBP

Recovery XX Roundtable 4: How Can We Drive Down Biopharma Costs to $1 Per Dose for Wider
Access? | Homestead 3

Jorg Thémmes, JT Consulting
Lisa Connell-Crowley, Just — Evotec Biologics
Suzanne Farid, University College London

Recovery XX Roundtable 5: How Do We Implement Sustainable Production that is Compatible with
Reduced Costs? | Landmark

Alois Jungbauer, BOKU
Kris Barnthouse, Johnson & Johnson
Jean Aucamp, Lonza




Conference Registration

Location: Sunriver Main Lodge, 2nd Floor Abbot

Saturday, 1 June Sunday, 2 June

12:00 PM -5:00 PM 9:00 AM -5:00 PM

Please visit Conference Registration upon arrival to pick-up your conference badge and program. The Conference
Staff will be there until Sunday evening to assist you.

Conference Help Desk

Location: Homestead

Monday, 3 June - Friday 7 June

The Conference Staff will be there to assist you with anything you need throughout the meeting. Please do not
hesitate to contact a staff member if you have a question regarding the schedule, activities, attire or any other
aspect of the program.

Wear Your Official RXX ID

Please wear your RXX ID (name badge) to all sessions, meals and other official events. Badges will be checked
upon entrance to all technical sessions and social events.

<
=
-
<
=
o
o
L.
=
Ll
O
<
¥}
oc
L
L.
2
O
O

Speaker Instructions

Each session has a designated time slot reserved to test your slides prior to your scheduled talk time. Please
make every attempt to hand in your presentation by your scheduled time (as communicated to you by your
session chair) so that it may be loaded onto the presentation computer in advance.

Poster Presentation Set Up

Please arrive at the Sage Springs Pavilion on Sunday 2 June between 2:00 PM — 5:00 PM to set up your poster
display. It is the presenter’s responsibility to arrive with the poster already printed.

Messages

There will be a message board located in Homestead. Messages will not be personally delivered, and technical
sessions will not be interrupted.
Recording and Photography

Both audio and visual recording of any oral session during the Conference is strictly prohibited. Likewise,
photographic documentation of posters is not permitted unless expressly permitted by the presenting author.
Delegates should directly ask presenters if they wish to have copies of slides, posters, or other materials.

Networking Activities Information

If you have pre-registered for Networking Activities, your activity tickets will be included in your registration
materials. Please be sure to bring your assigned ticket(s) with you to each activity. If you have not pre-registered
or would like to make changes to your reservation, you will have the opportunity to do so at the registration desk
in Homestead.

Attire - Casual Comfort (Layers and Walking Shoes!)

We encourage attendees to dress comfortably in casual attire, suitable for both indoor sessions and outdoor
activities. Given the potential evening chill and the expansive layout of the hotel property, we suggest layering
your attire for warmth and wearing comfortable walking shoes to navigate the grounds with ease.
Transportation:

Airport transportation will be available for those who have notified the Conference Organizers of their departure
time. Please see the app and conference website to learn more.

RXX | 11



HOTEL INFORMATION

Location: Sunriver Resort, 17600 Center Dr, Sunriver, OR 97707
T: (855) 420-8206

Hotel Check-In: 4:00 PM
Hotel Check-Out: 11:00 AM
Early check-ins and late check-outs are subject to availability and approval by front desk staff.

Hotel Check-in: Sunriver Main Lodge

Please check into your hotel room at the front desk, located in the Sunriver Lodge. Registration fees cover
conference nights 2 June — 7 June. If you informed Recovery Organizers of an extended stay, the front desk will
collect your credit card information upon arrival for the additional night(s) stay.

Payment:

Hotel accommodation from Sunday 2 June to Thursday 7 June is included in your registration fee. For those
staying additional nights prior to and/or after the conference whose reservations were made through Precision
Meetings & Events, Inc. (the RXX conference management company), please present your credit card to the front
desk clerk upon arrival (please note that the charges for those additional nights will appear on your personal
folio). Any personal expenses incurred at the hotel, such as bar bills, use of recreational facilities, and food (other
than scheduled conference meals), are the responsibility of each attendee and/or their guest(s) and must be
paid upon check-out.

Hotel Activity Offerings:
e 4 Award-Winning Championship Golf Courses
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e Sage Springs Club & Spa
e Bike Barn with 45 Miles of Paved Bike Paths (reserve a bike here)

¢ |ndoor Golf Simulator

e Pickleball
e Fitness Center
¢ The Cove Aquatic Center

e Sunriver Stables Horseback Riding

Meeting Locations
The Hotel map is located to the right of this page.

Daily General Sessions: Sage Springs Pavilion

Poster Sessions: Sage Springs Pavilion

Roundtable Sessions: Homestead/Landscape/Abbot
Daily Breakfast Buffet: Homestead

Other Meals and Events

Consult the Daily Conference Program in this document to find the locations of all remaining meals and events.
Lunch and dinner locations vary, so please do check your schedule for locations. There will also be staff present
to direct you.



HOTEL MAP:
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The Village at Sunriver
GROCERY - ATM

1. Sunriver Lodge 3. Sage Springs Pavilions
Hotel Check-In Oral Sessions

Saturday/Sunday Conference Poster Sessions

Registration Monday/Wednesday Boxed Lunch
Roundtable 1: Pandemic

Friday Airport Shuttle Pick Up

4. Homestead

Monday-Friday Conference Help Desk
2. The Backyard of Sunriver Lodge Breakfast Buffet

Sunday Dinner
Wednesday Dinner

Tuesday/Thursday Lunch Buffet
Roundtable 2: New Modalities
Roundtable 3: Modeling
Roundtable 4: $1 per Dose

RXX | 13

5. Great Hall Conference Center
Roundtable 5: Sustainability
Thursday Dinner

6. Mt. Bachelor Lawn
Monday Dinner

7. Besson Commons
Activities Meeting Point
Tuesday Lunch



Sunday 2 June 2024: Opening Dinner & Keynote
Location: The Backyard Sunriver Lodge
16:30 PM - 18:00 PM Cocktail Reception
18:00 PM - 19:00 PM Dinner
19:00 PM - 20:00 PM Keynote

Set against the backdrop of Sunriver’s breathtaking landscape, take the opportunity to kick off RXX by
connecting with colleagues new and old. We will gather for dinner while immersed in the natural beauty of
Sunriver’s surroundings. The highlight of the dinner will be a special keynote, setting the tone for the days
ahead. Dress comfortably and bring layers as temperatures drop in the evenings.

Monday 3 June 2024: Recovery Rodeo!
Location: Mt. Bachelor Lawn
18:00 PM - 20:00 PM

Saddle up for our rodeo-themed dinner! Embrace the spirit of the West with your attire, opting for:
¢ Jeans for a classic cowboy look
e Cowboy boots
¢ Plaid or denim shirts for a rustic flare

e Gingham or bandana prints for a touch of western charm

Tuesday 4 June 2024: History Walking Tour of Bend and Dinner
Departure Time: 17:30 PM
Location: Besson Commons
You must arrive at Besson Commons by 5:30pm to ride the buses!
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The story of historical Bend begins along the life-giving source of the Deschutes River. This 45-minute journey
on foot will begin at Farewell Bend Ranch and end at Bend Brewing Company located on the Deschutes River.
We’ll cover the indigenous people to today’s thriving city all while taking in the natural and cultural history of
Bend.

NOTE: If you are unable to walk approximately 2.3 miles, please notify the Precision team at the Conference
Help Desk and we can make special arrangements. Walking shoes recommended.

Dinner will be hosted at Bend Brewing Company, the second oldest brewery in Bend.

Featured at the event will be an exclusive “Recovery Artisan Market” composed of local merchants (including
custom leather goods, glass blown sculptures, and art). Recovery’s intention is to highlight the talents of local
Bend artisans to provide attendees with the opportunity to acquire unique pieces of Oregon craftsmanship
as lasting mementos of their visit while promoting Bend'’s local charm & heritage.

To read about each featured artisan, please go to page 22 (where the artisan page is located).

Wednesday 5 June 2024: Buffet Dinner
Location: The Backyard, Sunriver Lodge
18:00 PM - 20:00 PM

Enjoy a casual dinner before the Poster Session begins! Dress comfortably and bring layers as temperatures
drop in the evenings.

Thursday 6 June 2024: Closing Dinner: An Evening Under the Stars
Location: The Great Hall
18:00 PM - 22:00 PM

Prepare for an enchanting conclusion to our conference with “An Evening Under the Stars”! As we bid
farewell, we invite you to join us for a celestial celebration with dinner, music and the opportunity for our
astronomers to guide you on a journey through the cosmos.

Attire: Elevated yet relaxed dress code. We encourage you to dress up a little more than your average day,
as this is a special final evening!



RXX Networking Activities will occur during the afternoon of Monday (3 June) and Wednesday (5 June).
The timing indicated is when you should be ready to load the bus.
Meeting Location: Besson Commons

Activity Tickets:

If you have pre-registered for Networking Activities, your activity tickets will be included in your registration
materials. Please be sure to bring your assigned ticket(s) with you to each activity. If you have not pre-registered
or want to make changes to your reservation, you can do so at the registration desk.

Suggestions for Most Outdoor Events:
Sunscreen, Hat, Sunglasses, Comfortable Closed-Toed Walking Shoes.

Activities and Timing:

Prohibition Cave Exploration
Time: 13:15 PM - 17:30 PM
Attire: Long pants and closed toed walking shoes — keep in mind you might want to wear clothes you don’t
mind getting dusty. Jacket for 45°F weather.
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Kayaking/Canoeing the High Cascade Lakes
Time: 13:15 PM - 17:30 PM
Attire: Bathing suit if you would like to swim, towel, jacket, or layer for warmth based on weather, sun
protection, shoes that you don’t mind getting wet.

Lava Lands + River Stroll
Time: 13:15 PM - 17:30 PM
Attire: Hiking clothes, walking shoes, jacket, or layer for warmth based on weather, sun protection.

White Water Rafting
Time: 13:15 PM - 16:00 PM
Attire: On warmer days, bathing suits, t-shirts, and shorts are great options. On cooler days, light layers of
clothes made of technical and synthetic fabrics, common to workout gear, or wool will help wick moisture
and keep you warmer. Try to avoid cotton clothing if possible — cotton does not dry very well. Footwear
options like river sandals, water socks, or athletic shoes that can get wet. Flip flops are not allowed. Shoes
are available for purchase in the retail shop as well as complimentary splash gear to block wind and big
splashes. Sun protection, water, towel, change of dry clothing.

Brews & Cruise
Time: 13:00 PM - 15:00 PM
Location: Meet at Bike Barn
Attire: Comfortable clothing, walking shoes, layer for warmth based on weather, sun protection.

Mt. Bachelor Zipline Tour
Time: 13:15 PM - 16:00 PM
Attire: Pants, capris, leggings, or long shorts, comfortable shirt, closed-toed shoes, sun protection, jacket.

Guided Mountain Bike Ride
Time: 13:15 PM - 17:00 PM
Attire: athletic wear or moisture-wicking clothing, shorts or pants, layer depending on weather, closed toed
athletic shoes, socks, water bottle, sun protection, eyewear to protect your eyes from dust, debris,
and UV rays.

High Desert Museum (Self-Guided)
Time: 13:15 PM to 16:30 PM
Attire: comfortable shoes for walking, casual clothing, layers depending on weather, avoid large bags
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SUNDAY 2 JUNE 2024

09:00-17:00 Registration | Abbot

16:30-17:30 Cocktail Reception | The Backyard
17:30-18:00 Opening Remarks | The Backyard
19:00 - 20:00 Keynote | The Backyard

20:30-22:30 Poster Session 1 | Sage Springs Pavilion

MONDAY 3 JUNE 2024

07:00 - 08:00 Welcome Breakfast | Homestead

Oral Session 1: The Adventure Begins at Harvest | Sage Springs Pavilion
Arick Brown, Amgen, United States
Brandon Christensen, Visterra, United States

08:05 - 08:30 Single-use continuous centrifugation harvest for high density cell culture
Oliver Kaltenbrunner, Amgen, United States

08:30 - 08:55 Efficient clarification strategies for high solid content cell culture fluids
Haikuan Liu, WuXi Biologics, China

08:55 - 09:20 5-in-1 application of an off-the shelf charged fibrous device allows for hyper-intensified
production of recombinant Adeno-Associated Viral vectors
Daniel Hurwit, Bristol Myers Squibb, United States
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09:20 - 09:45 A new multifaced player in the field of AAV harvest recovery and viral clearance
Yulia lvanova, Pfizer, United States

09:45 - 10:15 Mid-Morning Break | Inside of Sage Springs Pavilion

Oral Session 2: Advances in Structure-Function Understanding and Developability Assessment
for Novel Biologics | Sage Springs Pavilion
Chen Wang, AbbVie, United States
Peter Tessier, University of Michigan, United States

10:20 - 10:45 Developability Evaluation of Discovery Biologic Candidates by Screening Physicochemical and
Accelerated Stability Properties
Rajeeva Singh, Abbvie, United States

10:45 - 11:10 Evaluation of descriptors and machine learning strategies for monoclonal antibody
chromatography process developability prediction
Andrew Maier, Genentech, United States

11:10 - 11:35 Modeling the chromatography behavior of monoclonal antibodies in hydrophobic interaction
chromatography
Douglas Nolan, Takeda Pharmaceutical Company, United States

11:35 - 12:00 Assessing the developability of fractionated monoclonal antibody proteoforms:
Impact of charge, hydrophobicity, and glycans on aggregation susceptibility
Solomon Isu, MilliporeSigma, United States

12:00-13:15 Lunch (Boxed) | Sage Springs Pavilion

13:30-17:30 Networking Activities | Offsite Participants will Meet at Besson Commons for Bus Pick Up
18:00-19:30 Dinner (Recovery Rodeo) | Mt. Bachelor Lawn

20:30-22:30 Poster Session 2 | Sage Springs Pavilion



TUESDAY 4 JUNE 2024

07:00 - 08:00 Breakfast | Homestead

Oral Session 3: Mission Impurity Characterization: Advances, Challenges, and Regulatory Insights across
Modalities | Sage Springs Pavilion
Kristin Valente, Merck and Co., Inc., United States
Andre Dumetz, GSK, United States

08:05 - 08:30 Quality By Design for Control of Polysorbate Degrading Host Cell Protein in Biologicals
John Mattila, Regeneron Pharmaceuticals, Inc, United States

08:30 - 08:55 Tailoring Polishing Steps for Effective Removal of Polysorbate-Degrading Host Cell Proteins in
Monoclonal Antibody Purification
Melanie Maier, Boehringer Ingelheim, Germany

08:55 - 09:20 5-in-1 Progress and challenges towards characterization and control of impurities in
antibody-drug conjugates
Michaela Wendeler, AstraZeneca, United States

09:20 - 09:45 Advances in the Purification of Antisense Oligonucleotides
Robert Gronke, Biogen, United States

09:45 - 10:15 Mid-Morning Break | Homestead Landmark Abbot

10:15 - 12:00 Roundtables

Roundtable #1: What do we do today to be ready for the next pandemic? | Abbot
Chairs: Sanchayita Ghose (BMS), Natarajan Ramasubramanyan (Thermo Fisher Scientific),
Brian Kelley (Vir Biotechnology)

Roundtable #2: Go big or go home — evolving bioprocessing for new modalities. | Homestead 1
Chairs: Alexei Voloshin (Solventum), Matthew Westoby (Resilience), Hans Johansson (Purolite)

Roundtable #3: What is the future of modeling for Recovery of Biological Products? | Homestead 2
Chairs: Mariona Bertran (Novo Nordisk), Karol Lacki (Repligen), David Roush (Roush Biopharma Panacea — RBP)

Roundtable #4: How can we drive down biopharma costs to $1 per dose for wider access? | Homestead 3
Chairs: Jorg Thémmes (JT Consulting), Lisa Connell-Crowley (Just — Evotec Biologics)
Suzanne Farid (University College London)

Roundtable #5: How do we implement sustainable production that is compatible
with reduced costs? | Landmark
Chairs: Alois Jungbauer (BOKU), Kris Barnthouse (Johnson & Johnson), Jean Aucamp (Lonza)

12:00-13:15 Lunch | Besson Commons

Oral Session 4: Escapades of a Continuous Nature | Sage Springs Pavilion
Andrew Tustian, Regeneron Pharmaceuticals, United States
Daniel Bracewell, University College London, United Kingdom

13:20 - 13:45 Integrated and continuous purification: the journey from hybrid to fully continuous,
and from vision to reality
Jason Walther, Sanofi, United States

13:45 - 14:10 Turning the crank using a hybrid continuous purification platform
Michelle Najera, Just-Evotec Biologics, United States

14:10 - 14:35 Truly continuous purification platform — beyond the PoC
Irina Ramos, AstraZeneca, United States

14:35-15:05 Afternoon Break | Inside of Sage Springs Pavilion
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TUESDAY 4 JUNE 2024 (CONTINUED)

Oral Session 5: Principles, Strategies and Highlights of Modelling and Data Analytics
in Biomanufacturing | Sage Springs Pavilion
Sophie Karkov, Novo Nordisk, Denmark
Eric von Lieres, Research Center Jilich, Germany

15:10 - 15:35 Process development using an autonomous process optimizer
Cornelia Walther, Boehringer-Ingelheim RCV, Austria

15:35 - 16:00 Automated generation of digital twins and their use in real-time monitoring of process
chromatography
Daniel Espinoza, Lund University, Sweden

16:00 - 16:25 Universal Hybrid Chromatography Modeling Framework for Optimization of Multi-column
Chromatography Systems
Brandon Corbett, Sartorius, Canada

16:25 - 16:50 pH Transients and Elution Profiles in Protein A Affinity Chromatography: Experimental
Observations, Modeling, and Approaches to Elution Buffer Engineering
Rainer Hahn, BOKU Vienna, Austria
Giorgio Carta, University of Virginia, United States

16:50 - 17:15 Implementation of Mechanistic Model-Informed Chromatography Process Development and
Validation: Successes and Challenges
Connor Thompson, Genentech, United States
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17:30-22:30 Offsite Evening Event | Bend Brewing Company




WEDNESDAY 5 JUNE 2024

07:00 - 08:00 Breakfast | Homestead

Oral Session 6: Adsorptive Separations Across the Universe of Biologics | Sage Springs Pavilion
Stefano Menegatti, North Carolina State University, United States
Kevin Brower, Sanofi, United States

08:05 - 08:30 Cleavable affinity tags can revolutionize biologics manufacturing -
but how do we convince the FDA?
David Wood, Ohio State University, United States

08:30 - 08:55 3D-printed matrices for the purification of plasmid DNA via steric exclusion chromatography
Ana Rita Santos, iBB - Institute for Bioengineering and Biosciences, Portugal

08:55 - 09:20 Lentiviral Vector Determinants of Anion- Exchange Chromatography Elution Heterogeneity
George Pamenter, University College London, United Kingdom

09:20 - 09:45 Overcoming challenges in the development of chromatographic separation of empty, partial,
and full AAV capsids for Gene Therapy applications
Vijesh Kumar, Spark Therapeutics, United States

09:45 - 10:15 Mid-Morning Break | Inside of Sage Springs Pavilion

Oral Session 7: Separating without Sticking — Adventures in Non-AdsorptiveSeparations | Sage Springs Pavilion
Elizabeth Goodrich, MilliporeSigma, United States
Caryn Heldt, Michigan Tech, United States
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10:20 - 10:45 Developing a Scale-Down Model for Batch Lysis in Plasmid DNA Purification Processes
Ehsan Espah Borujeni, Bristol Myers Squibb, United States

10:45 - 11:10 Model-based optimization of Single Pass Tangential Flow Filtration (SPTFF) for concentration and
purification of viral vectors
Akshay Chaubal, Pennsylvania State University, United States

11:10 - 11:35 A unified view of virus and recombinant protein interactions with block copolymer membranes
Daniele Gerion, Terapore Technologies, United States

11:35 - 12:00 Regulatory Considerations for Design and Implementation of Continuous Viral Inactivation Reactors
Scott Lute, FDA/CDER/OPQ/OBP, United States

12:00-13:15 Lunch (Boxed) | Sage Springs Pavilion

13:30 - 17:30 Networking Activities | Offsite Participants will Meet at Besson Commons for Bus Pick Up
18:00-19:30 Dinner | The Backyard

19:30 - 20:30 Roundtable Readout | Sage Springs Pavilion

20:30 - 22:30 Poster Session 3 | Sage Springs Pavilion
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THURSDAY 6 JUNE 2024

07:00 - 08:00 Breakfast | Homestead

Oral Session 8: Capers and Antics Across the Purification Process | Sage Springs Pavilion
Yinying Tao, Eli Lilly and Company, United States
Thomas von Hirschheydt, Roche, Germany

08:05 - 08:30 When the platform doesn’t fit: Simultaneous innovation of process and platform during
downstream development of a challenging Fc-fusion protein
Julie Robinson, Merck & Co., Inc., United States

08:30 - 08:55 Process Intensification of Recombinant Adeno-Associated Viral Vector Production
Andrew Tustian, Regeneron Pharmaceuticals, United States

08:55 - 09:20 The well-being approach for higher yields — how to make lentiviral vectors comfortable during
downstream processing.
Noor Mujahid, University College London, United Kingdom

09:20 - 09:45 Integrated continuous mRNA precipitation-based purification process
Maria del Carme Pons Royo, MIT, United States

09:45 - 10:15 Mid-Morning Break | Inside of Sage Springs Pavilion

Oral Session 9: Manufacturing Control and PAT: Successful Implementation and Continuing
Obstacles | Sage Springs Pavilion
Astrid Duerauer, BOKU & Austrian Centre of Industrial Biotechnology, Austria
Emily Schirmer, Catalent Pharma Solutions, United States
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10:20 - 10:45 The minimum requirement on PAT’s success for industrial implementation: The simultaneous
prediction of multiple relevant Product Quality Attributes in real-time
Gang Wang, Boehringer Ingelheim, Germany

10:45 - 11:10 Right every time?! Assessing polishing chromatography under dynamic loading conditions
Christopher McHardy, Roche, Germany

11:10 - 11:35 “Shaken not stirred”, why James Bond was right: the next generation PAT solution for
downstream processing
Karol Lacki, Repligen Corp, Sweden

11:35 - 12:00 Case studies on combining spectroscopy and modern machine learning in DSP monitoring
Robin Shiemer, Karlsruhe Institute of Technology, Germany

12:00-13:00 Lunch | Homestead

Oral Session 10: Instagram vs. reality: Challenges, surprises, and successes in fitting your perfect process into
an imperfect manufacturing facility | Sage Springs Pavilion
Olga Paley, Takeda Pharmaceuticals, United States
Brad Stanley, Biogen, United States

13:20 - 13:45 Achieving High-Titer and High-Concentration Monoclonal Antibody Production: an Innovative
Journey Integrating with Next-Generation Bioprocessing Technologies
Yinying Tao, Eli Lilly and Company, United States

13:45 - 14:10 How far can we push the limits of connected biopharmaceutical manufacturing? — Unleashing
the full potential of an intensified and connected purification process.
Julian Hitzler, Novartis Pharma, Switzerland

14:10 - 14:35 The Balancing act in Biomanufacturing: Maximizing efficiency and flexibility when faced with an
unpredictable product mix
Evan Shave, Thermo Fisher Scientific, Australia



THURSDAY 6 JUNE 2024 (CONTINUED)

14:35-15:05 Afternoon Break | Inside of Sage Springs Pavilion

Oral Session 11: Innovative Purification Technologies | Sage Springs Pavilion
David Wood, Ohio State University, United States
Brenda Carrillo-Conde, Pfizer, United States

15:10 - 15:35 Asymmetric bispecific antibody purification platforms using avidity effects of protein A and
protein L affinity ligands
Mats Ander, Cytiva, Sweden

15:35 - 16:00 Giving Novel Purpose to Protein A: A New Paradigm for Multispecific Antibody Manufacturing
Arch Creasy, Pfizer, United States

16:00 - 16:25 Rational and combinatorial design of peptides for ss-mRNA/ds-mRNA separation and purification
Pankaj Karande, Rensselaer Polytechnic Institute, United States

16:25 - 16:50 Innovative Protein Scaffolds for Single Step Purification from Proteins to Viral Vector Particles
Romas Skudas, Merck Life Science KGaA, Germany

16:50 - 17:15 Closing Remarks | Sage Springs Pavilion
18:00 - 22:30 Closing Dinner | Great Hall

FRIDAY 7 JUNE 2024

07:00 - 08:00 Breakfast | Homestead
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45TH PARALLEL PROVISIONS

Website: www.45thparallelprovisions.com
Fe PARAL\féL 45th Parallel Provisions proudly presents handcrafted,
OIS small-batch specialty pepper products: Candied Jalapefios,
= 3-Pepper Relish, and Oregon Trail Candy. Elevate dishes with
unique flavors, all made with care.

Simply classic & Functional Glass Art AD Glass & Design is the first and only glass studio in Central

regon EST.

Website: www.ad-glass.com
AD Glass & Dasiguj

Oregon open to the public. We offer experiences, lessons, and
a variety of unique hand-blown glass art. We are dedicated

to preserving the ancient art of glassblowing and sharing our
knowledge with our local community and the next generation
of our youth.

AD Glass & Design has a wide portfolio of products including glassware and barware such as pint glasses,
stemless wine glasses, and decanters. Vases, bowls and plates in a wide variety of styles, shapes and colors are
always available. Clear glass cups with clean lines offer timeless appeal, while unique drinking glasses display a
touch of personality.

Old World engraving techniques of cutting and polishing glass by hand with no molds are used to elevate your
next craft drink with hand cut glassware.

Artwork- Sculptural pieces with hand drawn imagery. Unique hand blown and functional glass art and 1 of a kind
blown/sculpted gallery pieces. Gaffer Aaron Duccini’s current artistic focus is a classic Swedish style with hand
drawn imagery carved deep into multiple layers of color and clear glass. These pieces are created and cooled off
before imagery is drawn and carved. They are then picked up hot and shaped into their final form. These pieces
are especially suited for storytelling and social issues.

BROADUS BEES

“ ‘ ST Website: www.broadusbees.com
¢ @ﬁ% ¢ James Broadus Wilkie V, Owner & Head Beekeeper, has
J BEES had a fascination with bees and their importance to the

environment ever since he studied wildlife biology at
Western State College in Colorado. He wants to educate people about the importance
of bees to our production of food. Jimmy feels like it is his responsibility to give back
to the very thing that gives us life. Jimmy has created a sustainable business through
% honeybee products, hive installation and maintenance, and educating the public about
"~ the critical role bees play in producing the food we eat.




THE CROW'’S CROFT

Website: www.thecrowscroft.com

Nestled in Redmond, Oregon, The Crow’s Croft is a family-run

farm dedicated to sustainable and ethical practices. Specializing

in raising healthy, pasture-raised pork, and crafting small-batch

lard-based soap and body products. Committed to providing

THE crow's cropr  Wholesome, earth-conscious offerings, The Crow’s Croft invites you
Redmond, Oregon to experience the taste and quality of their farm-to-home creations.

Website: www.theflamingwickcandleco.com

Selling great smelling candles in Redmond and the Central
Oregon area since January 2020. Candles are hand poured
in small batches. Products range from soy wax candles,
CANDLES dough bowls, wax melts, car diffusers and room sprays
EST 2020 using nontoxic fragrance oils and essential oils.

Gifted + Co. Website: www.facebook.com/giftedandcompany

i Bex Custom Design Website: www.facebook.com/profile.
_-" _:' = Gl feb *  php?id=100068343120594
e T e — 1 B Gifted + Co. supplies handmade leather goods and jean jackets.

Bex Custom Designs incorporates beautiful free hand burned
hats with designs inspired by Oregon’s inspiring outdoor beauty.




HOWL GOODS

Website: www.howlgoods.com

An apparel and leather goods brand focused on using
T Py natural materials to create sustainable, durable items;

& each piece is intentionally designed to be functional yet
beautiful and made to last generations. Founder and
designer Alicia Renner carefully sources only sustainably produced textiles including
wool and organic hemp, ethically harvested hides and furs including from her
grandfather in North Dakota, and responsibly manufactured hardware including solid
brass fasteners and mother-of-pearl and buffalo horn buttons.
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Instagram: @spacewayv

Kurt Norpchen creates driftwood sculptures, shelves,

& propagation stations for plants from one-of-a-kind
driftwood pieces. Many of the elements used within his
artwork are sourced from planet Earth.

Website: www.mountainhomearts.com

Jewelry that is slow crafted, from start to finish. Hand collected
stones used in jewelry from Jesse & Joell Fence’s mine, that

is cut and polished and set using fine and sterling silver. Seed
bead jewelry is made with glass or clay seed beads and cotton
thread. The beads are woven together using various stitches to
create intricate designs. Jesse & Joell’s jewelry represents their
combined love for nature and fine craftsmanship.

home arts




MUDLAKE STUDIOS

Website: www.mudlakestudios.com

Mudlake Studios is home to over 75 artists, primarily ceramic

Mo Ualee artists, though over the years have welcomed members
Stdos who work in: painting, photography, jewelry, leather,

textiles, and more. It serves as a community ceramics studio,

gallery, and supply shop offering workspace in a historic

iron works building providing a safe, positive, accessible,

environmentally conscious space open to anyone and

their creative process to grow as an artist, hone their craft,

learn new skills, and engage in welcoming, like-minded

community.
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RACHEL ELISE ART

Website: www.racheleliseart.com

Rachel Elise Mallon is a watercolor artist with a background
and degree in interior design. She specializes in creating
semi-abstract pieces with soft brush strokes and a limited
color palette inspired by the Pacific Northwest.

WYLD TERRA

Website: www.wyldterra.com

Wyld Terra is a jewelry brand that creates hand crafted
beaded and gemstone jewelry which is inspired by the

Wy ld TERRA places on our earth that are still wild. Each piece of jewelry
is slow crafted by hand in Kate’s home studio in Bend, using
only high quality materials that are ethically sourced. From
the first bead, to the last piece of packaging, celebrating and
supporting Mother Earth is top of mind at Wyld Terra.




SUNDAY 2 JUNE 2024 - Full poster abstracts can be found on page 80

Theme: Viral and Non-Viral Vectors

Poster #1: Overcoming mRNA Degradation: A Leading-Edge Strategy for Rapid Vaccine Development and
Worldwide Distribution
Jack Kramarczyk, Moderna, United States

Poster #4: Leveraging flocculation to improve adeno-associated virus (AAV) purification process
Qingxuan Li, Sanofi, United States

Poster #7: Membrane chromatography for preparation of AAV at the manufacturing scale
Mark Schofield, Cytiva, United States
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Poster #10: Atomic basis of AAV affinity chromatography: from design to cryo-EM validation
Nathaniel Clark, Repligen, United States

Poster #13: Biophysical investigations to elucidate the role of resin media and feed constituents on AAV
affinity column fouling
Harshal Soni, Rensselaer Polytechnic Institute, United States

Theme: Big Data, Data Management and Modelling

Poster #15: The Downstream Data Browser — Enhancing Data-Driven Decisions via Customized Data

Handling and Visualization
Andrew Wagner, Just - Evotec Biologics, United States

Poster #19: Manufacturing Facility and Economic Analysis of Process Intensification Strategies
Xuankuo Xu, Bristol Myers Squibb, United States

Poster #21: A priori process development of multimodal chromatography in antibody purification:
a multiscale modeling approach
Rudger Hess, Boehringer-Ingelheim, Germany

Poster #25: A Systematic Approach for Estimating Colloidal Particle Adsorption Model Parameters
Federico Rischawy, Boehringer Ingelheim / Karlsruhe Institute of Technology (KIT), Germany

Poster #28: Short-cut methods for obtaining parameter values of mechanistic chromatography
model simulations
Shuchi Yamamoto, Yamaguchi University, Japan

Theme: Membrane Processing

Poster #31: Novel all-membrane process for the purification of monoclonal antibodies without protein A
Ruben G. Carbonell, NIIMBL, United States

Poster #33: Addressing Challenges in High Concentration Drug Substance Manufacturing
Zhi Li, Bristol Myers Squibb, United States

Poster #37 Application of upstream and downstream filtration technologies as solutions for batch and

continuous bioprocessing
Julie Kozaili, Asahi Kasei Bioprocess America, United States

Poster #39: High Pressure Increases Likelihood of Parvovirus Breakthrough for a Platform Virus Retentive
Filtration by Viresolve® Pro
Valerie Cusick, Regeneron Pharmaceuticals, United States



SUNDAY 2 JUNE 2024 - Full poster abstracts can be found on page 80

Theme: Chromatography and PAT

Poster #43: Real-time process analytical technology (PAT) aggregate monitoring for cation exchange pooling
Moira Lynch, Thermo Fisher Scientific, United States

Poster #46: Solving the Mystery of Multi-Peak Elution Behavior in CEX Chromatography: A Case Study on mAb
Process Development
Ronak Gudhka, Amgen, United States

Poster #49: New concept of pH-independent affinity separation of antibodies
Sonja Berensmeier, TU Munich, Germany

Theme: Novel Proteins and New Modalities

Poster #52: Size based sterilization of large therapeutic particle formulations
Volkmar Thom, Sartorius Stedim Biotech GmbH, Germany

Poster #55: Developing a novel non-chromatographic purification for antibody drug conjugates: Moving
beyond UF/DF
Brandon Coyle, Gilead Sciences, United States

Poster #58: Performance Evaluation of Continuous Counterflow Centrifugation for Advanced Human
Pluripotent Stem Cell (hPSC) Bioprocessing
Alexandra Stuetzer, Sartorius Stedim Biotech GmbH, Germany

Poster #61: How to build a future proof and robust NANOBODY® molecule CMC platform
Willem Van de Velde, Sanofi, Belgium

Theme: mAbs and Bispecifics

Poster #64: Development of a Versatile Downstream Process Toolbox for Control of Specific
Polysorbate-Degradation Enzymes
Michael Rauscher, Merck & Co., Inc., United States

Theme: Continuous Processing

Poster #66: Towards Platformization of a Continuous Monoclonal Antibody Purification Process with Capture
via Precipitation and Polishing via Subtractive Adsorption
Matthew Mergy, Rensselaer Polytechnic Institute, United States

Theme: Harvest Technologies

Poster #73: Abstract - Scaling Up the Purification of Mammalian Cell Culture Through a Robust PrA EBA Step
Curtis Phippen, UCB, United Kingdom

Poster #75: Development and Implementation of the Single Use Centrifuge for Harvest and Proof of Concept
Perfusion Capability

Ryan Hundley, Genentech, United States
Theme: Manufacturing Strategies

Poster #78: Towards Fully Automated Process Development
Brian Murray, Sanofi, United States
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MONDAY 3 JUNE 2024 - Full poster abstracts can be found on page 80

Theme: Viral and Non-Viral Vectors

Poster #2: Development of purification process using diverse adsorptive media for novel non-viral DNA gene
therapy modality
Khushdeep Mangat, Sanofi, Genomic Medicine Unit, United States

Poster #5: A Novel Harvest-Capture Process for Rapid Clarification and Recovery of rAAV9 from Cell Lysate
Using a Macroporous Filtration Device and AVIPure Affinity Resin
Philip Yuen, Repligen Corporation, United States
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Poster #8: Improved AAV Release and Lysate Clarification applying an enhanced Cell Lysis Strategy
Martin Sallabus, Sartorius, Germany

Poster #11: A Case Study on the Impact of AAV Triple Transfection Process Changes on Downstream Processing
Matt Teten, BridgeBlo, United States

Theme: Big Data, Data Management and Modelling

Poster #14: A unified data management strategy for downstream development, from early research
to market launch
Anton Sellberg, Novo Nordisk, Denmark

Poster #17: Host cell proteins in model based process development of biopharmaceuticals
Marcel Ottens, Delft University of Technology, Netherlands

Poster #20: Driving improvement and optimization of production scale processes via modelling
and experimentation
Rune Lorits, Novo Nordisk, Denmark

Poster #23: All-Atom Modelling of Methacrylate-Based Multi-Modal Chromatography Resins for Isotherm
Parameter Prediction
Tim Ballweg, Karlsruhe Institute of Technology, Germany

Poster #26: Lord of the rings — Optimization of rAAVv plasmid purification process with a combination of HTS
and mechanistic modeling
Sabrina Koch, Roche Diagnostics GmbH, Germany

Theme: Membrane Processing

Poster #29: The ChromaWeb® platform, a modular, linearly-scalable, high-resolution membrane
chromatography cassette for purification of viral vectors.
Gaston de los Reyes, SPF Technologies, United States

Poster #32: Optimization and Characterization of a High-concentration UF/DF Process to Overcome the
Gibbs-Donnan Effect on Multiple Excipients
David Brown, KBI Biopharma, United States

Poster #35: Microfluidic Filtration Device for High Throughput Vaccine Process Development
Nusrat Jahan, University College London, United Kingdom

Poster #38: Analyzing Sterile Filtration of mMRNA-LNP Therapeutics Using a New Modeling Framework
Andrew Zydney, Pennsylvania State University, United States

Theme: Chromatography and PAT

Poster #41: Peptide-based Host Cell Protein (HCP) Removal Technologies for Biomanufacturing
Stefano Menegatti, North Carolina State University, United States

Poster #44: Advanced Multi-Mode Separation Platform using Block Copolymer Approach
Jerald (Jerry) Rasmussen, Solventum, United States



MONDAY 3 JUNE 2024 - Full poster abstracts can be found on page 80

Poster #47: Structure-based multimodal ligand design: an iterative approach towards novel selectivity
Eva Heldin, Cytiva, Sweden

Poster #50: Impact of 3D printed stationary phases in integrated downstream processing of monoclonal
antibodies — a process modelling approach
Mariachiara Conti, The University of Edinburgh, United Kingdom

Theme: Novel Proteins and New Modalities

Poster #53: Elevating Precision in Extracellular Vesicle Research: Unveiling a Tailored Affinity Chromatography
Approach Monitored by Novel Analytical Tools
Rita Fernandes, IBET, Portugal

Poster #56: Nanoparticulate separations: the challenges of larger dimensional space
Daniel Bracewell, University College London, United Kingdom

Poster #59: A scalable membrane process for the purification of extracellular vesicles
Cristiana Boi, Universita di Bologna, Italy

Theme: mAbs and Bispecifics

Poster #62: Development of a High-Capacity Downstream Toolbox for Purification of Bispecific Antibodies
Chris Furcht, Bristol Myers Squibb, United States

Poster #65: Strategies to control Polysorbate 80 degradation in mAb bulk drug substance
Erich Blatter, GSK, United States

Theme: Continuous Processing

Poster #67: A lab-scale model and GMP-scale proof of concept for PCC Protein A using a dynamic column
loading strategy
Joseph Costanzo, Eli Lilly & Company, United States

Poster #70: AUTONOMOUS OPERATION AND ADVANCED CONTROL OF INTEGRATED CONTINUOUS
DOWNSTREAM PROCESSES
Bernt Nilsson, Lund University, Sweden

Theme: Harvest Technologies

Poster #72: Evaluation of a single-use disk stack centrifuge for improved efficiency and sustainability at 1000 L
GMP manufacturing scale
Brad Stanley, Biogen, United States

Theme: Manufacturing Strategies

Poster #76: Integrated Strategy of Raw Material Interchangeability for Resilient Manufacturing
and Global Supply
Xiaoxiang Zhu, Amgen, United States

Poster #79: Buffer recycling in biopharmaceutical downstream processing for cost reduction and increased
sustainability
Madelene Isaksson, Lund University, Sweden
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Theme: Viral and Non-Viral Vectors

Poster #3: Why not both? Harnessing the powers of affinity- and size- based separations to transform
the manufacturability of lentiviral vectors
Kelli Luginbuhl, Isolere Bio, United States

Poster #6: Bridging the translation gap: The development of a toolkit to accelerate process development and
provide early manufacturability insights for AAV gene therapies
Jayan Senaratne, MeiraGTx, United Kingdom
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Poster #9: Use of flowthrough anion exchange chromatography for the enrichment of full capsids
in Adeno-Associated Viral Vector purification
Andres Martinez, Roche, Germany

Poster #12: Highthroughput Development and Scale-up of a Novel Anion Exchange Chromatography Method
for Removal of Empty Capsids from full rAAV Capsids.
Amith Naik, Asklepios Biopharmaceutical Inc., United States

Theme: Big Data, Data Management and Modelling

Poster #16: Enhancing Biopharmaceutical Process Control and Efficiency through Integrated Data Analytics
and Predictive Modeling: Insights from the BioRaptor Platform
Yaron David, BioRaptor.Al, Israel

Poster #18: A novel isotherm for hydrophobic interaction chromatography that improves prediction
precision across operation conditions and facilitates sensitivity analyses
Johannes Buyel, University of Natural Resources and Life Sciences, Vienna (BOKU) , Austria

Poster #22: Mechanistic modeling-based characterization of size-exclusion-mixed-mode adsorbents for
antibody fragment separations
Steven Cramer, Rensselaer Polytechnic Institute, United States

Poster #24: Integrating QSAR Modeling with High Throughput Screening for Rapid Development of Polishing
Chromatography Steps for Protein Therapeutics
Michael Hartmann, Merck, United States

Poster #27: Efficient Simulation of Extra Column Volume in Small-Scale Multi-Column Chromatography
Juliane Diehm, Karlsruhe Institute of Technology, Germany

Theme: Membrane Processing

Poster #30: Scale-Up and Applications of Nanofiber Membrane Chromatography
Steve Burton, Astrea Bioseparations Ltd, United Kingdom

Poster #34: Capabilities and limitations of IR for enhanced process monitoring during UF/DF of proteins
Yi Zhang, AstraZeneca, United States

Poster #36: Post-affinity-capture depth filtration: it’s just there to remove solids, right?
Brian Bowes, Eli Lilly and Company, United States

Poster #40: Informing Ultra Scale Down depth filtration device design using high resolution imaging
Thomas Johnson, University College London, United Kingdom

Theme: Chromatography and PAT

Poster #42: Streptococcus pneumoniae surface protein and nanobody affinity resins for Capture and
Purification of fully assembled secretory immunoglobulin A
Nico Lingg, BOKU, Vienna, Austria

Poster #45: Novel Approach to Affinity Capture Elution Design
Wei Lu, Takeda Pharmaceuticals, United States
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Poster #48: Advancing Efficiency and Mitigating Risk: Raman Spectroscopy-based Analysis of Monoclonal
Antibody and Excipient Concentrations throughout Downstream
Kristina Pleitt, Thermo Fisher Scientific, United States

Poster #51: The impact of elution pH on product quality of Fc containing proteins.
Alvaro Cruz-lzquierdo, Purolite, United Kingdom

Theme: Novel Proteins and New Modalities

Poster #54: END-TO-END SCALABLE PURIFICATION PLATFORM FOR EXTRACELLULAR VESICLES
Sanket Jadhav, Sartorius Stedim, Netherlands

Poster #57: Optimization of Post-conjugation Polishing Steps for Peptide-antibody Conjugates
Qin Gu, Amgen, United States

Poster #60: Biosimilars development challenges and opportunities
Mahsa Rohani, Amgen, United States

Theme: mAbs and Bispecifics

Poster #63: Host cell proteins profiling from a group of Monoclonal and Bispecific antibodies
Jean Aucamp, Lonza, United Kingdom

Theme: Continuous Processing

Poster #68: Enhancing Virus Filtration Efficiency in Continuous Processing through Serial Filtration with High
Area Ratio
Sal Giglia, MilliporeSigma, United States

Poster #69: Integrated Control and Scheduling of a Multi-Column Chromatography Operation with Numerical
Dynamic Optimization
lan Gough, McMaster University, Canada

Poster #71: Development of Temperature-Controlled Batch and 3-Column Counter-Current Protein A System
for Improved Therapeutic Purification
Stephen Goldrick, University College London, United Kingdom

Theme: Harvest Technologies

Poster #74: From Challenges to Opportunities: Evaluation and Implementation of New Single-use Harvest
Technologies with a Holistic View on Portfolio and Network Impact
Jerome Bill, Genentech, United States

Theme: Manufacturing Strategies

Poster #77: INNOVATIVE RISK-BASED APPROACHES TO ACCELERATE DOWNSTREAM BIOPROCESS
DEVELOPMENT
Angela Lewandowski, Bristol Myers Squibb, United States

Poster #80: Next Generation Small Footprint facilities and Simplified Workflow utilizing Continuous Processing
and Integrated Buffer Management
Vinit Saxena, Sepragen Corporation, United States
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In keeping with the conference aims of fostering and supporting knowledge sharing, discussion and
networking, RXX will host 5 roundtable sessions. The Roundtables will give participants a chance to ‘dig a little
deeper’ into areas they are passionate about, as well as build and strengthen connections with like-minded
conferees. Using engaging, open-ended topics, conferees will share their experiences, brainstorm questions,
yield new ideas and have conversations in a very different way to oral or poster sessions. There will be five
simultaneous topics discussed in separate meeting rooms.

| Abbot

We will engage in dynamic discussions aimed at drastically reducing the time to market for vaccines and drugs.
This session is an urgent call to address the critical questions of pandemic preparedness in the context of CMC
development and manufacturing. We will explore the technological advancements in recovery and purification,
and standardization of platform technologies across various modalities such as proteins, mAbs, mRNA, and
viral vectors and delve into the accelerated CMC pathways that have emerged from the crucible of COVID-19,
analyzing innovative regulatory and quality approaches. Operations will take center stage as we discuss the
optimization of supply chains, the urgency of rapid capacity deployment and the potential of decentralized
manufacturing. The three breakout sessions will focus on:

¢ Technology Advancement & Platform Standardization: Discover cutting-edge advancements in recovery

and purification, and the push for platform standardization that’s revolutionizing vaccine and drug
modalities from proteins to mRNA and beyond.

e Accelerated CMC Development: Examine the fast-tracked pathways of CMC development, and discuss
the innovative regulatory frameworks (e.g. platform technology designation) and quality approaches
enabling this rapid progress.

e Operational Excellence in Supply Chain and Manufacturing: Explore strategies for optimizing supply
chains (in both raw material sourcing and product distribution), rapidly deploying manufacturing

capacity, decentralizing production, and managing the workforce to meet the demands of a health crisis.

We will discuss the following questions in each break out session:
e What are the new technologies, new ways of working developed in our industry that are significantly
impactful overcoming the critical challenges imposed by the COVID-19 pandemic?

¢ What challenges and gaps still exist? What actions can we take today to close the gaps. What can we do
across industry, countries, governments, companies and academia?

¢ What key processes, systems, and ways of collaboration should we build or improve today to sustain the
agility demonstrated in responding to the COVID pandemic?



| Homestead 1

New therapeutic modalities, such as viral vectors, lipid nanoparticles, multi-specific assemblies, and others,
present new opportunities to treat, cure, and prevent serious health conditions and greatly improve quality of
life around the world. With these opportunities come process and manufacturing challenges that will dictate
how fast these new treatments can be developed, tested, and commercialized. The new classes of therapeutics
are larger, more complex, and have more complicated biochemistry compared to the current major classes of
biotherapeutics such as mAbs. Let’s discuss the best ways to accelerate process development of these new
modalities!

The round table will focus on three general areas to develop a set of recommendations for the wider conference
audience.

Discussion area #1: Finding order in chaos — defining new modality spaces

e How will the new modality space evolve?

e How new is new?

Discussion area #2: Is legacy a valuable companion or excess baggage?
e Scale-up vs scale-out?

¢ To platform or not to platform?

e Regulatory framework evolution vs revolution?

Discussion area #3: Let’s get down to business!
¢ Are near and future bioprocessing priorities the same in these spaces?

e Top 3 priorities and trends in bioprocessing strategy and technology for the future

e Bottom 3 priorities and trends in bioprocessing strategy and technology for the future

| Homestead 2

One may assume that with advances in scientific knowledge and a plethora of data for calibration that first
principles will be employed in developing models for recovery of biological products. The goal of this roundtable
is to foster a debate about the future state of modeling and the strategy on how to translate the opportunities
into tangible and sustainable deliverables.

For example, if first principles are feasible for model development who and where will these be developed
(Industrial CMC, Academia, Collaboration, Scale-up) and maintained over the lifecycle? https://onlinelibrary.
wiley.com/doi/abs/10.1002/bit.27520. Standardization and reference state/system for model development?
How good is good enough? What are the acceptance criteria, and do they differ depending on context of use?
What is the role of ML and Al in model development? Mathematically consistent but physically relevant? Initial
forays have revealed some limitations:
https://www.npr.org/2023/02/02/1152481564/we-asked-the-new-ai-to-do-some-simple-rocket-science-it-
crashed-and-burned
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Recovery XX Roundtable 4: How Can We Drive Down Biopharma Costs to $1 Per Dose
for Wider Access? | Homestead 3

Join us for an engaging roundtable session focused on the pressing issue of bringing down biopharma
manufacturing costs and ensuring wider access to advanced biotherapeutics in low and middle-income
populations. In this roundtable we will explore innovative strategies, insights, and potential solutions to make
advanced biotherapeutics more affordable and accessible; this will cover modalities ranging from mAbs through
to viral vectors, nucleic-acid therapies and beyond. We will delve into cost-effective manufacturing techniques,
draw inspiration from lower margin industries, and examine the possibilities of newer modalities in driving costs
down. Additionally, we will explore the potential of distributed manufacturing as a means to improve equitable
access to advanced medicines for underserved populations. Don’t miss this opportunity to be part of the
conversation shaping the future of global healthcare access.

We will be tapping into your experiences and insights on these two core themes, addressing questions
such as:

Theme 1: Innovative Approaches to Cost-Effective Manufacturing

¢ While the cost of manufacturing is only a very minor contributor to the cost of drugs in high-income
countries, it will be limiting profitability in low and middle-income countries. What are the main levers to
reduce the cost of manufacturing that can enable access to underserved populations?

¢ What valuable insights can we gain from lower margin industries like the food industry or industrial
enzyme production about cost-efficient biopharmaceutical manufacturing?

e How can the vaccine industry’s experiences with high volume/lower cost manufacturing inform
strategies for expanding access to advanced biologics in resource-constrained settings?

Theme 2: Striking the Balance: Cost Efficiency for Wider Access

e With the emergence of mRNA-based therapies, do we anticipate lower production costs compared to
traditional protein therapeutics, and if so, how can we leverage this potential for wider accessibility?

e |[s distributed manufacturing a viable solution to improve equitable access to advanced medicines in
underserved populations, and what are the challenges and opportunities associated with this approach?

e How can we foster collaboration among stakeholders to ensure wider access to advanced
biotherapeutics?

Our goal is to facilitate a lively and interactive discussion where we encourage open dialogue and sharing of
experiences from all participants. We will start with a quick check-in with participants for additional suggestions
and prioritization of topics for the group to tackle. Please feel free to forward comments to us before the
meeting.



| Landmark

The main objectives of bioprocesses in biopharmaceutical manufacturing are to reliably deliver drugs in a
relatively short time frame with high quality, and to avoid batch failures within a tight regulatory framework.
Bioprocesses are highly complex, the level of automation is highly varying, and there is constant pressure to
improve efficiency and reduce costs. In addition, climate change and resource scarcity require a reduction of the
environmental footprint of bioprocesses and manufacturing facilities.

The global environmental impact of the entire healthcare industry has been almost completely unaddressed. The
American Chemical Society Green Chemistry Institute Pharmaceutical Roundtable has reported that the global
warming potential for e.g. a US-based 2000 L process is approximately 22.7 tons CO2eq per 1 kg drug substance.
Process intensification and better plant utilization are key to reducing environmental impact. For a 2000 L
single-use bioprocess, the estimated single-use systems account for 769 kg per batch compared to 226 kg for the
chemicals used. Also, measures must be taken to prevent emissions from increasing further despite the growth
of the sector.

In the biopharmaceutical industry, two extreme production scenarios are often employed: a fully disposable
factory with the characteristics of small batch sizes, great flexibility, and speed, or a fixed large-scale plant with
high capacity. Forward-looking solutions and ideas will be discussed on how to combine environmentally friendly
practices and technologies with new bioprocesses for the benefit of the patient, supply security and profitability.

Three topics will be explored in this Roundtable, considering the current best practices used for established
biologics production and ways to implement sustainable production that are compatible with high quality and
reduced cost:

e Metrics for assessing the environmental footprint of a bioprocess in context of societal impact of
biopharmaceuticals

¢ How to improve the environmental footprint through more sustainable process design and
manufacturing practices and understanding the consequences for production costs

¢ Implementation of a circular bioeconomy in bioprocessing with focus on contributions possible through
downstream processing improvements (e.g., reduce, reuse, recycle)
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Session 1 - The Adventure Begins at Harvest

Arick Brown, Amgen, United States
Brandon Christensen, Visterra, United States

1. Single-use continuous centrifugation harvest for high density cell culture
*Qliver Kaltenbrunner, Amgen, United States

Xiaoyang Zhao, Amgen, United States
David Ladoski, Amgen, United States

Intensified high density cell culture in a single-use setting is a highly productive means to producing biological
therapeutics. However traditional single-use technologies are not suitable for high density cell culture harvest
operations. Direct depth filtration is limited by the high solids content in the feed. Microfiltration is difficult

to perform robustly with either product sieving or filter fouling limitations. While continuous discharge
centrifugation is an established technology in stainless steel manufacturing, an equivalent technology for
single-use production was not available until recently. In collaboration with a manufacturer, we guided the
development of a robust single-use centrifuge for cell culture harvest. We will discuss harvest performance for
a wide range of cell densities and cell culture viabilities, as well as process control and robustness challenges
compared to stainless steel centrifugation. Our analysis is based on many centrifugation harvests of several
molecular entities at pilot, clinical, and commercial scale with feed solids content across a wide range packed cell
volume, utilizing both Single-Use and Stainless Steel centrifuges. Harvest performance and operational controls
will be compared to stainless steel centrifuge harvest.



2. Efficient clarification strategies for high solid content cell culture fluids
*Haikuan Liu, WuXi Biologics, China

High titer production of monoclonal antibodies through continuous cell culture processes is typically achieved
by maintaining high Viable Cell Density (VCD, typically > 60 x 106 cells/mL) over long culture durations. However,
these high titer processes also come with new challenges for the following harvest step with high solid content.
Usually, flocculation combined with depth filtration is used to handle the high solid content cell fluids. However,
the load capacity of the depth filters and the recovery yields are typically low, and the Cost of Goods (CoGs) is
high. Meanwhile, cell lysis and target protein loss caused by flocculation treatment are observed in some cases.
To overcome these challenges, three clarification strategies were scouted and compared for clarification of

the high solid content (up to 35%) cell culture fluid, including continued discharging centrifugation followed by
depth filtration, continued discharging centrifugation followed by flocculation and depth filtration, and perfusion
harvest using ATF. The results of the above three methods are remarkable, and the recovery yield of the target
protein can reach higher than 90% with lower cell lysis risk and CoGs, with no impact on the product quality.
These results illustrate that our efficient strategies can be successfully used in the clarification step for the
recovery of high solid content and high cell density cell culture, and they can be easily integrated into current
mAb purification platforms, effectively alleviating other related downstream processing challenges.

RXX | 37
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3. 5-in-1 application of an off-the shelf charged fibrous device allows for hyper-intensified production
of recombinant Adeno-Associated Viral vectors
*Daniel Hurwit, Bristol Myers Squibb, United States

Rebecca Hochstein, 3M, United States
Nikki Sitasuwan, 3M , United States

Adeno-associated viral vectors have emerged as the leading gene delivery modality for in vivo gene therapy and
ex vivo, gene-edited, cell therapy applications. Consistent and considerable investment have advanced the field,
leading to: an enhanced understanding of AAV biology, an explosion of clinical programs in a growing diversity
of indications, the commercial approval of six (and counting) groundbreaking therapies, and the development

of scalable, robust, and modern manufacturing processes. However, sizeable opportunities to recognize the
potential of these therapies remain, especially in the realm of rAAV manufacturing. Despite advances in vector
production, manufacturing is regularly on the critical path to the clinic, and often a factor in commercial viability.
Furthermore, as the modality matures, quality standards continue to rise. In the quest for ‘more, better, faster,
and cheaper’, process intensification must be considered. Excited by the challenge, we aimed to combine lysis,
clarification, DNA removal, full enrichment, and concentration and buffer exchange into one operationally simple
process step. We aimed not only to combine but also to improve the cost, speed, quality and robustness in
comparison to the standalone unit operations; for example, improving the yield from typical detergent-based
lysis, and eliminating the common and highly expensive utilization of nuclease for DNA clearance. Here, we
review the design, screening, development, and optimization of a commercially available, charged, non-woven
fiber filter to create the combined, 5-in-1 process . We will present a thorough analysis of our efforts and results,
including favorable cost and performance comparisons relative to other technologies across and in consideration
of a wide range of metrics. We hope to share our work to expand the toolbox for rAAV manufacturers and,
perhaps, that of other modalities as well.



4. A new multifaced player in the field of AAV harvest recovery and viral clearance
Alex Berrill, Pfizer, United States

*Yulia Ivanova, Pfizer, United States
Hannah, Bare, United States

Primary recovery out of harvest is first and the least understood step in downstream purification of AAV vectors.
Complexity of lysed cell culture coupled to relatively low protein concentration of AAV product makes it very
difficult to optimize process performance. A novel detergent was identified to support process development
need for much higher AAV recovery in comparison to recoveries observed with standard Triton/DB combination.
New detergent, in combination with divalent cation salt was shown to play dual role, act as lysis and recovery
reagent as well as a DNA flocculation agent. First identified in small scale screens, best condition was scaled

up and demonstrated to perform comparably at 1L, 10L, 250L and 2000L scale. Overall recovery was improved
3-5-fold without any adverse changes to the AAV product quality. Identified detergent was also shown to

have comparable to Triton viral clearance ability, thus providing alternative route to viral clearance. Identified
detergent/salt combination was tested with different serotypes and showed positive results in all tested cases.
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Session 2 - Advances in Structure-Function Understanding and Developability
Assessment for Novel Biologics

Chen Wang, AbbVie, United States
Peter Tessier, University of Michigan, United States

1. Developability Evaluation of Discovery Biologic Candidates by
*Rajeeva Singh, AbbVie, Inc., United States

Screening of discovery-stage biologic drug candidates for developability is an important tool for the selection

of lead candidates with desired physicochemical characteristics, enabling further drug development. We have
optimized the developability screening to support a pipeline of highly varied biologic drug classes, including
monoclonal antibodies, bispecific antibodies, antibody-drug conjugates, fusion proteins, and AAV gene therapies.
Based on the requirements for diverse therapeutic areas, suitable screens have been implemented to assess
physicochemical properties and accelerated stability under stress conditions. Developability evaluation of
discovery biologic candidates is challenging due to the constraints of small sample amounts and the limited
time available for comprehensive comparison of multiple candidates. We have used both experimental and
sequence-based tools to enable efficient developability screening. Case studies will be discussed, such as
ultra-high concentration feasibility screening of biologic candidates based on low viscosity, and chemical liability
evaluation under appropriate accelerated stability stress conditions to assess storage and physiological stability
risks. Benchmarking studies to validate the screening criteria will be discussed using examples of commercial
biologics. The early developability screening of biologic candidates in discovery programs ensures the selection
of efficacious and developable lead candidates for further pre-clinical and therapeutic evaluation. The
developability screening tests for the candidates are customized based on the requirements of the therapeutic
areas, such as high concentration liquid formulation to enable delivery by pre-filled syringe, sub-cutaneous
versus intravenous delivery, or lyophilized formulation. A collaborative evaluation by research and development
teams allows an overall developability assessment of discovery biologic candidates based on physicochemical,
pharmacokinetic, and pre-clinical safety properties. Furthermore, implementation of the developability
evaluation in the discovery screening funnel enables rapid advancement of the lead candidates to the clinic.




2. Evaluation of descriptors and machine learning strategies for monoclonal antibody
chromatography process developability prediction
*Andrew Maier, Genentech, United States
Minjeong Cha, Genentech, United States
Sean Burgess, Genentech, United States
Amy Wang, Genentech, United States

Purification process development for biotherapeutics conventionally relies on wet lab experiments in order

to understand the relationships between protein sequence/structure and molecular properties such as
chromatographic binding affinity. Empirical workflows have been greatly improved with high- throughput
techniques, resulting in increased data volume. This, along with improved molecular descriptors, has enabled
the development of robust machine learning pipelines to predict purification behavior from the amino acid
(AA) sequences of molecules. In this presentation, we describe a novel approach for generating downstream
process predictions from AA sequence. We employ quantitative structure property relationship modeling
(QSPR) to predict monoclonal antibodies’ (mAb) binding behavior on 5 different chromatography resins in the
presence of two different background salt species across a range of pH and salt concentration covering the
purification design space. Models were developed with a diverse set of 50 mAbs, and evaluated with a withheld
subset of 10 mAbs (randomly selected with stratification in order to ensure a diverse and rigorous test). Model
development benchmarked 4 different whole-mAb descriptor sets including structure-based descriptors from
two commercially available software packages, and sequence-based descriptors from two open source protein
language models. The evaluation demonstrates that, in many cases, QSPR may be used in lieu of performing a
batch-binding screen, and provides a valuable tool for ranking molecular binding affinity, identifying molecules
with similar binding behavior, flagging potentially challenging to develop outlier molecules, and providing
meaningful insights to inform purification process development from sequence alone.
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3. Modeling the chromatography behavior of monoclonal antibodies in hydrophobic interaction
chromatography
*Douglas Nolan, Takeda Pharmaceutical Company, United States
Thomas Chin, Takeda Pharmaceutical Company, United States
Mick Eamsureya, Takeda Pharmaceutical Company, United States
Sheldon Oppenheim, Takeda Pharmaceuticals, United States
Olga Paley, Takeda Pharmaceuticals, United States
Christina Alves, Takeda Pharmaceutical Company, United States
George Parks, Takeda Pharmaceutical Company, United States

Monoclonal antibody (mAb) therapies require a high level of purity for regulatory approval and
commercialization. High-molecular weight (HMW) species are a common impurity encountered in the
downstream purification of mAbs. Hydrophobic interaction chromatography (HIC) resins are often used to
remove these HMW impurities. Selecting a suitable HIC resin to use for HMW clearance while maintaining high
percent recovery of mAb monomer can require screening across multiple resins and buffer conditions. It would
expedite the bioprocess development of novel mAb therapies to, instead, use predictive models based on a few
measurements of the physicochemical properties of mAbs and resins to guide the selection of HIC resins. In
this study, we measured a set of physicochemical properties of seven mAbs and thirteen resins and correlated
those physicochemical properties with percent flow-through recovery and HMW clearance when using a high
throughput screening technique. We explored thermal stability, surface hydrophobicity, and surface charge

as descriptors for the mAbs and hydrophobicity, zeta potential, and vendor as descriptors for the resins. The
thermal stability of the mAbs was assessed by determination of the melting temperature (Tm) and temperature
of the onset of aggregation (Tagg). The surface charge of the mAbs was assessed using both pl and capillary
zone electrophoresis and the relative surface hydrophobicity (RSH) was qualitatively assessed using a HPLC

HIC assay. The hydrophobicity of each of the resins was evaluated using an analysis of retention factor of our
set of mAbs on the HIC resins. Predictive models were generated for percent recovery and HMW clearance

for individual mAbs and resins. The physicochemical properties correlated well with the behavior of mAbs on
HIC resins. The models were successfully applied in selecting a resin for HMW clearance for a novel mAb. Poor
thermal stability (low Tm and Tagg) was correlated with generation of HMW species upon purification with HIC
resins. When modeling percent recovery and HMW clearance for the mAbs across a single resin, RSH alone could
be used to account for most of the variance in our data. However, the inclusion of a surface charge descriptor
into the model was critical for accurate predictions. We did identify unique mAb-resin interactions that could
not be modeled using our modeling approach. Notably, attempting to model the HMW clearance for the mAbs
which generated large amounts of HMW species resulted in poor fits for the models. We were also able to
model percent recovery and HMW clearance of a single mAb across our set of resins using resin descriptors

of hydrophobicity, zeta potential, and vendor. To our knowledge, this is the first report of zeta potential
measurements on HIC resins and was critical in generating accurate predictions for percent flow-through
recovery and HMW clearance. These models were used to predict an optimal resin for a test mAb using just
measurements of the mAb’s RSH and surface charge and applied in a small-scale chromatography run. This
modeling approach can accelerate bioprocess development and reduce time to patient.



4. Assessing the developability of fractionated monoclonal antibody proteoforms: Impact of charge,
hydrophobicity, and glycans on aggregation susceptibility
*Solomon Isu, MilliporeSigma, United States
Melissa Holstein, Bristol-Myers Squibb, United States
Patricia Greenhalgh, MilliporeSigma, United States
Adam Sokolnicki, MilliporeSigma, United States
Bala Raghunath, MilliporeSigma, United States

Monoclonal antibodies play a vital role in patient therapeutics and the industry is experiencing positive

annual growth. Virus filtration is a dedicated virus reduction step in mAb production and effectively removes
both enveloped and non-enveloped viruses by size exclusion. However, current process development for

virus filtration relies on experimental approaches including excipient evaluation or prefiltration to mitigate
premature virus filter fouling. Denatured hydrophobic variants, plugging aggregates and reversible aggregates
have previously been reported as major foulants of virus filters. This study addresses the gap in understanding
related to self-association and aggregation behavior of post-translationally modified mAb variants (proteoforms).
This study fractionated a highly hydrophobic mAb pool into sub-pools enriched with different proteoforms.

The effectiveness of different chromatography resins (cation exchange, anion exchange, and mixed mode) in
fractionating the proteoforms was then validated using capillary electrophoresis characterization. Correlations
were established between the relative abundance of specific proteoforms, sub-pool hydrophobicity, and
diffusion interaction parameter (KD). The relative hydrophobicity of sub-pools was determined by retention
time on a hydrophobic interaction phenyl column. Charge and glycoform parameters were utilized to evaluate
the proteoforms of interest. Hydrophobicity and KD were indicative of reversible and irreversible aggregation
propensity. This study provides a framework for selecting appropriate pH, conductivity, buffer, and excipients to
mitigate monomeric self-association propensity of mAbs. By developing process conditions that minimize these
interactions we move towards virus filtration process development based on mAb characteristics, rather than
brute-force experimental approaches.
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Session 3 - Mission Impurity Characterization: Advances, Challenges, and Regulatory
Insights across Modalities

Kristin Valente, Merck and Co., Inc., United States
Andre Dumetz, GSK, United States

1. Quality By Design for Control of Polysorbate Degrading Host Cell Protein in Biologicals

*John Mattila, Regeneron Pharmaceuticals, Inc, United States

Chinese Hamster Ovary (CHO) Host Cell Proteins (HCP) with enzymatic activity present challenges to patient
safety and product stability if they are not addressed during process development and scale up. A class of CHO
HCP has been reported in literature to degrade polysorbates, which may reduce levels of this stabilizing excipient
or result in formation of insoluble fatty acid particulates (Jones et al., 2021). These insoluble fatty acid particles
appear as subvisible particles governed under U.S. Pharmacopeia guidance for parenteral products, and these
HCP may limit shelf life when present at single digit ppm levels. While these HCP with enzymatic activity could be
present in any CHO derived biologic, this presentation will provide retrospective analysis and data visualization
suggesting commonalities and differences across protein modalities. They have been shown to persist in drug
substance despite multiple orthogonal manufacturing steps intended to reduce impurity levels, suggesting an
interaction or co-purification with protein therapeutics. Lack of control of these impurities can be shown to
result in highly variable product shelf life. As such, process development is prioritized consistent with Quality

by Design to ensure control of these HCP for higher risk protein therapeutics. Trusted analytical methods are
foundational to process development and control. Rapid, effect-based analytical methods allow optimization of
a manufacturing step for the class of polysorbate degrading HCP with minimal bias towards specific proteins.
These methods allow mathematical models to be constructed for performance simulations to estimate

process capability based on input variation. This presentation will feature case studies illustrating how multiple
downstream steps may contribute to control of CHO HCP that degrade polysorbate. Affinity rProtein A may
remove non-specifically bound HCP and offers potential for impurity removing wash solutions. Adsorptive depth
filters have demonstrated capability to reduce CHO HCP when used in combination with further purification
steps. Multiple chromatography modes may be used to exploit well-understood mechanisms and may also
contribute to control. Studies have shown careful regeneration procedures are essential to ensure reproducible
performance during repeated use of chromatography resin. This presentation will show control of CHO HCP that
degrade polysorbate to illustrate a Quality by Design approach for process characterization. This approach may
be broadly applicable to other novel product-related impurities.




2. Tailoring Polishing Steps for Effective Removal of Polysorbate-Degrading Host Cell Proteins in
Monoclonal Antibody Purification
*Melanie Maier, Boehringer Ingelheim , Germany
Stefan Schneider, Boehringer Ingelheim , Germany
Linus Weiss, Boehringer Ingelheim, Germany
Simon Fischer, Boehringer Ingelheim, Germany
Daniel Lakatos, Boehringer Ingelheim, Germany
Matthias Franzreb, Karlsruhe Institute of Technology, Germany
Joey Studts, Boehringer Ingelheim, Germany

Ensuring the quality and safety of biopharmaceutical products requires the effective separation of

monoclonal antibodies (mAbs) from host cell proteins. A significant challenge in this field is the enzymatic
hydrolysis of polysorbate in drug products. This study addresses this issue by investigating the removal of
polysorbate-degrading host cell proteins (HCPs) during the polishing steps of downstream purification, an area
where knowledge of individual HCP behavior is limited. Using a highly sensitive LC-MS/MS method, we identified
polysorbate-degrading hydrolases in different formulated mAb model products. Stable overexpression and
purification of these hydrolases allowed for detailed characterization and risk assessment. We then examined
the separation of five different mAbs from four individual polysorbate hydrolases using cation exchange (CEX)
and mixed mode chromatography (MMC) polishing steps. High-throughput binding screenings were conducted
across various pH and salt concentrations, using the partition coefficient (Kp) as a key indicator of protein binding
or flow-through. The analysis revealed distinct binding behaviors of polysorbate-degrading HCPs and mAbs,
emphasizing the importance of understanding the binding characteristics to optimizedownstream processing
steps. A three-step strategy was employed to eliminate polysorbate-degrading HCPs in polishing steps. First,
high-throughput screenings were performed for mAbs to compare their binding behavior to the screening HCPs.
Second, a Design of Experiment was applied to 600 pL miniature columns to transfer the data to a packed bed
column format and optimize the separation conditions. Optimal pH and counterion concentrations were identified
and validated for each polishing step using packed bed columns. This strategy successfully identified optimal
separation conditions, achieving satisfactory HCP reduction levels, while maintaining high mAb recovery rates (>
96 %). Our findings highlight the critical role of the antibody’s inherent properties for successful separation. These
results underscore the need to tailor the purification process to leverage the slight differences in binding behavior
and elution profiles between mAbs and HCPs. This approach can lead to the production of high-quality mAb
products, addressing the challenge of enzymatic polysorbate degradation in biopharmaceuticals.
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3. Progress and challenges towards characterization and control of impurities in
antibody-drug conjugates
*Michaela Wendeler, AstraZeneca, United States

Antibody-drug conjugates (ADCs) represent one of the fastest growing classes of biopharmaceuticals. Combining
the targeting specificity of monoclonal antibodies with the cytotoxic effects of highly potent small molecules,
they are emerging as powerful tools for the treatment of cancer. For process developers, these modalities
present unique challenges with regard to impurity characterization and control: In addition to aggregates,
fragments, and complex product variants that need to be cleared, the conjugation process introduces highly
toxic impurities and other chemicals that must be reduced to extremely low levels. Furthermore, analytical
characterization requires novel approaches in the face of complex molecular properties, and CMC strategies
need to adapt to evolving regulatory expectations. Here we describe process and analytical strategies to
characterize and control product-and process- related impurities in ADCs. We illustrate development challenges
presented by the large variety of impurities, describe characterization strategies, and demonstrate how an
integrated control strategy that spans across the small and large molecule process guarantees high product
quality. We demonstrate the benefits of including modeling of impurity clearance in process design. And finally,
we illustrate how enhanced understanding of impurity characteristics can lead to reduced process mass intensity
and significantly improved sustainability, while ensuring patient safety and regulatory success.



4. Advances in the Purification of Antisense Oligonucleotides

*Robert Gronke, Biogen, United States
Jonas Immel-Brown, Biogen, United States
Armin Delavari, Biogen, United States
Juan Cueva Tello, Biogen, United States
Patrick Banzon, Biogen, United States
Sam Fredericksen, Biogen, United States
Rhiannon Jimenez, Biogen, United States
Firoz Antia, Biogen, United States

Following on the commercial success of Spinraza® (treatment for spinal muscular atrophy) and most recent
Qalsody (treatment for ALS), antisense oligonucleotides (ASO) are now a critical part of Biogen’s drug portfolio
that enables us to better treat neurology or neuromuscular diseases. Development of the ASO platform process
employs aqueous-based orthogonal chromatography (HIC, AEX) steps to achieve industry high purities while
maintaining good yield along with required detritylation and UF/DF steps. To date, we’ve now leveraged this
platform process to purify 13+ ASO molecules that contain different sequences, chemistries, and most recently
incorporating conjugation reactions. Having completed process characterization for several ASO candidate along
with intensification for 1 ASO, we’ve achieved a greater understanding of the process, it’s capabilities to clear
process and product related impurities and understand the mechanisms that control the chromatography. On the
manufacturing side, Biogen recently validated the process for Qalsody using single-use disposable technologies
which included traditional scale-up, modeling and PAT as part of the control strategy. Several cases studies will be
presented on learnings from development on controlling the process steps, incorporating both process modeling
and intensification, lessons learned regarding use of a liquid API, incorporation of a conjugation reaction into the
purification process along with some at scale performance metrics.
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Session 4 - Escapades of a Continuous Nature

Andrew Tustian, Regeneron Pharmaceuticals, United States
Daniel Bracewell, University College London, United Kingdom

1. Integrated and continuous purification: the journey from hybrid to fully continuous, and from
vision to reality

*Jason Walther, Sanofi, United States
Chad Varner, Sanofi, United States

Shashi Malladi, Sanofi, United States
Akshat Mullerpatan, Sanofi, United States
Sushmitha Krishnan, Sanofi, United States
Peter Firmin, Sanofi, United States
Michael Coolbaugh, Sanofi, United States
Kevin Brower, Sanofi, United States

Continuous manufacturing has been gathering momentum for the production of biologics since the early 2010s.
Following other industries that have made the transition from batch to continuous, examples of integrated and
continuous bioprocessing have appeared in both clinical and commercial settings. Often these examples rely on

a hybrid approach, where continuous operations comprise a portion of the process, and batch methods are used
for the remainder. At Sanofi, we have a vision and a plan to take the next step and design, test, and implement

a fully integrated and continuous purification platform to fully unlock the benefits of continuous manufacturing
for drug substance processing (increased automation, reduced footprint, lower residence times, etc.). This poster
will discuss that journey, with a particular focus on recent steps toward implementation. The following topics will
be discussed:
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e Full-scale, proof-of-concept runs have been executed, demonstrating the feasibility of the continuous
purification platform and identifying potential gaps

¢ A flexible, modular skid has been designed and prototyped, and has been successfully integrated within
the continuous platform at commercial-scale levels of throughput. New data has been generated
demonstrating that this skid is capable of operating continuous chromatography or filtration operations,
and will enable a transition of this technology to a GMP environment

e Advanced process control strategies have been evaluated to increase operational responsiveness while
simultaneously decreasing development time and reducing complexity for the user

¢ The continuous purification platform has been implemented during the development of a pipeline
biologic for first-in-human trials. This opportunity has allowed the team to assess the feasibility of rapid
process development for continuous operations. This effort culminated in the pilot-scale continuous
production of drug substance, enabling product quality comparisons and a technical assessment of the
capabilities and gaps of the platform While significant advances have been made, exciting opportunities
still await. Continued progress will be best realized as we work and partner together in this industry
to increase capabilities and understanding across various dimensions, such as control, automation,
equipment, sensors, and regulation.
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2. Turning the crank using a hybrid continuous purification platform
*Michelle Najera, Just-Evotec Biologics, United States

Megan McClure, Just-Evotec Biologics, United States
Beth Larimore, Just-Evotec Biologics, United States

The benefits of process intensification via the coupling of perfusion bioreactors to continuous chromatography
include enhanced time and material efficiency, reduced cost of goods, and reduced impurity burdens. Despite
the unrivaled performance of continuous processes, this strategy is not commonly incorporated into platform
purification processes for the manufacture of clinical material for antibody-like biologics. One reason lies in the
perception that they are inflexible and too complex, particularly around automation. Just-Evotec Biologics has
developed and scaled up hybrid continuous processes to the 500 L scale and has successfully manufactured
over 15 different products in this format. This talk provides an overview of the Just-Evotec hybrid continuous
chromatography platform with an emphasis on the Protein A capture and low pH viral inactivation steps. One key
requirement of a robust platform process is flexibility, especially for contract manufacturing and development
organizations (CDMOs) that are likely to handle a wide range of molecular formats and process inputs. Another
key requirement is simplicity of design, such that execution in manufacturing is sufficiently straightforward.
One obstacle to adoption of continuous strategies could be the perceived necessary additional automation
complexity to allow intensified cycling over the capture resin. However, by using a streamlined workflow to
achieve automation optimization, we have found a continuous capture chromatography platform can easily

be configured at the lab-scale, tested for robustness, and scaled-up for manufacturing. A key challenge in the
CDMO space is ensuring a favorable platform fit over a range of molecule formats and productivities. Platform
process adjustments to accommodate a variety of process inputs such as high and low titers, low binding
affinities, impurity levels, and residence time variability will be discussed. For Just-Evotec, a platform capture
step that is configurable for either 3- or 4-columns has allowed for favorable process performance for all
molecules manufactured thus far. From our experience with continuously perfused bioreactors, we have gained
considerable experience around time-based process fluctuations that can be tolerated within a single bioreactor
run. Specific case studies include temperature control to mitigate Protein A leaching, specialized wash steps,
sanitization procedures to enable continuous processes, and considerations for next generation resins. Key
benefits of coupling continuous protein A with continuous viral inactivation will also be considered, alongside
bottlenecks in the remainder of the downstream purification process. Finally, a discussion of equipment design
tradeoffs will be included as well as recommendations for desirable next-generation technologies to add to the
current capabilities available today.




3. Truly continuous purification platform — beyond the PoC

*Irina Ramos, AstraZeneca, United States
Jon Coffman, AstraZeneca, United States
Ujwal Patil, AstraZeneca, United States
Kareem Fakhfakh, AstraZeneca, United States
Joel Graham, AstraZeneca, United States
Keith Morgan, AstraZeneca, United States
Alison Hinton, AsttraZeneca, United States
Taylor Bloom, AstraZeneca, United States
Michelle Chen, AstraZeneca, United States
Makenzie Lewis, AstraZeneca, United States
Lauren Leisen, AstraZeneca, United States
Carrie Sowers, AstraZeneca, United States
Brendan Kuntz, Astrazeneca, United States

The truly continuous platform for downstream bioprocessing of monoclonal antibodies (mAbs) is based on
nanoparticles, as a vehicle to separate mAbs from process impurities, and filtration membranes (tangential flow
filtration and dialysis) that enable separation by size. It has the potential to reduce cost-of-goods for mAbs by half
or more over conventional chromatography-based separations. This nanoparticle-based method also promises
higher productivity, lower capital and facility costs stemming from reduced-scale equipment, and enhanced
process sustainability compared to current generation batch processes. Here we show the proof-of-concept
(PoC) using a novel self-assembling affinity nanoparticle designed to bind and elute a mAb, and resist neutral
and low pH, while being used as a vehicle to separate the mAb from the process-related impurities through a
series of membrane filtration, at bench-scale, in a continuous operation for many hours. We investigated scores
of nanoparticles. An analytical toolbox was developed to inform our nanoparticles’ design and expression, to
support screening and to characterize structure after purification. Once they were combined with the mAb and
processed through filtration membranes, we measured binding capacity, stability, elution at low pH and fouling.
With multiple stage operation, we showed >95% recovery of mAb. The development of this innovative platform
follows a stagewise approach, starting on the PoC to focus on low concentrations to determine nanoparticle
capacity and membrane fouling; followed by the product mass index (PMI) targets for water of <300, possible
to achieve by concentrating the feed (mAb and nanoparticle); then the integration across affinity capture
phases and with the upstream process (bioreactor), including the process control and automation; expansion
to the polishing steps, where different nanoparticles are used; considering scalability and ultimately the GMP
implementation. We will discuss our strategy to build a nanoparticle library, that includes collaboration, and
how we envision to progress this platform into large scales and GMP implementation, in particular because the
engineering solutions for the equipment and consumables already exists even thought this is a novel application.
Also, as a result of the decreased water use, the purification equipment is significantly smaller, and presumably
cheaper. An economic assessment with those key considerations will be presented to show how we can enable
this new bioprocess architecture.
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Session 5 - Principles, Strategies and Highlights of Modelling and Data
Analytics in Biomanufacturing

Sophie Karkov, Novo Nordisk, Denmark
Eric von Lieres, Research Center Jiilich, Germany

1. Process development using an autonomous process optimizer

*Cornelia Walther, Boehringer-Ingelheim RCV, Austria
Hermann Schuchnigg, Boehringer-Ingelheim RCV, Austria
Christina Yassouridis, Boehringer-Ingelheim RCV, Austria
Lukas Lidauer, Boehringer-Ingelheim RCV, Austria

Angela Goncalves-Ferreira, Boehringer-Ingelheim RCV, Austria
Carlos Mata Cruz, Boehringer-Ingelheim RCV, Austria

Cécile Brocard, Boehringer Ingelheim RCV, Austria

Time to market timelines are getting shorter and complexity of molecules for development is growing. To be
able to develop scalable and robust processes under these circumstances, efficient setup and execution of
screening experiments is of crucial importance. Normally, the experimental design is setup prior the screening
experiment, the screening is performed and analyzed, and optimization of the process is done based on the
developed models. Using this approach, the model quality may not be sufficient, or it shows higher uncertainties
in particular areas of the model. This can be a problem especially if the optimum of the process is in the area

of higher uncertainties. To circumvent such problems, we present an autonomous screening system on our

liquid handling platform. In this approach, an initial small experimental design is generated using our in-house
developed SMART PD platform. The design is automatically translated into files readable by the liquid handling
platform. The files are then used in predefined scripts and the first screening round is performed. The analytical
results are automatically transferred back to the SMART PD platform and processed. An initial model is built,

and a new experimental design is generated based on the model. Using this design, a new iteration on the

liquid handler is automatically initiated. In each iteration the developed model is retrained until a sufficient
model quality is obtained. This approach can be either used to increase the overall model performance or to
increase the model performance around the optimum of the process. Therefore, a screening without manual
interaction can be performed with a more efficient usage of experiments obtaining models of higher quality and
less uncertainties. Based on the implemented feedback loop the model improves itself by an automated learning
process. This enables transfer of more robust processes to large scale and more efficient usage of models during
process characterization studies.
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2. Automated generation of digital twins and their use in real-time monitoring of process
chromatography
*Daniel Espinoza, Lund University, Sweden
Gusten Zandler-Andersson, Lund University, Sweden
Simon Tallvod, Lund University, Sweden
Niklas Andersson, Lund University, Sweden
Bernt Nilsson, Lund University, Sweden

The advent of the Quality-by-Design [1] and Industry 4.0 [2] paradigms signify a need for change in the approach
to manufacturing of biopharmaceuticals. More emphasis needs to be placed on process understanding by means
of mechanistic modelling of unit operations, on-line analysis for quality assurance and advanced monitoring

of process performance. In this regard, downstream processes in biopharmaceutical production pose a major
challenge. The main unit operation used in downstream processing, chromatography [3], is a time-consuming
step with real-time data limited to UV and conductivity measurements at the outlet of the chromatography
column, making real-time process monitoring a difficult task [4]. For these purposes, the implementation of
digital twins of downstream process systems is of particular interest [5]. A framework for automated generation
of model structures representing the individual unit operations and tubing in a chromatographic system has
already been explored [6]. We have built on this framework by implementing an automated procedure for the
calibration of adsorption parameters of multiple components in ion-exchange chromatography. This procedure
makes use of the digital representation of the unit operations to both perform experiments in the lab and to
simulate the corresponding experiments. The adsorption parameters as well as dead-volumes in the process

are estimated by comparing the real experimental data with its simulated equivalents. The resulting digital twin
can be used for process development, optimization, and open-loop control of the chromatographic system.

The output from the digital twin’s mechanistic description of the process can be updated to better match

reality by creating a continuous, real-time flow of data from the UV absorbance and conductivity sensors of a
chromatography process. Kalman filters were employed to achieve this. A Kalman filter works by predicting the
states of a process, e.g., the salt and protein concentrations in the column, based on a mechanistic model of the
process, e.g., a digital twin. The Kalman filter then reads the sensor data and updates the prediction to match.
This cycle of prediction and updating is repeated for each data sample obtained form the sensors, resulting in

an improved model fit to the data than running only the prediction, i.e., in open loop. We were able to obtain
improved digital twin fits to data in real time by implementing a linear Kalman filter (LKF) to estimate the salt
concentration, and an extended Kalman filter (EKF) to do the same for the protein concentrations. Using separate
filters reduced instabilities due to non-linearities in the protein adsorption model and improved the algorithm’s
computational time. As a result, we were able to improve the digital twin’s fit to the column elution profiles,
achieving a robust and reliable method of monitoring the elution profiles of co-eluting, individual proteins in real
time.



3. Universal Hybrid Chromatography Modeling Framework for Optimization of Multi-column
Chromatography Systems
*Brandon Corbett, Sartorius, Canada
David Andersoon, Sartorius, Sweden
Anton Vernersson, Sartorius, Sweden
Chris McCready, Sartorius, Canada

First principle modeling of chromatography, using the general rate model and traditional isotherms, is
scientifically mature (Shekhawat, 2019). However, development of these models requires detailed understanding
of the specific binding interactions present in the system as well as a mechanistic understanding of the

diffusion pathways in the binding phase material. Hybrid models combining data-driven and physics-based
components have emerged as strong performers for creating digital twins of upstream processes (Richelle,
2022). Similar attempts to hybridize Al models and physics have been made in digital twins for chromatography
as well (Narayanan, 2021). However, the numerical challenges of simulating high dimensional, stiff partial
differential equations have limited the practical efficacy of training hybrid physics/Al chromatography models.
We have developed a chromatography modeling framework that hybridizes Al components, describing binding
interactions and diffusion, with physics-based components to capture column flow characteristics and maintain
mass balances. Our approach uses state-of-the-art back propagation and neural network techniques to overcome
numerical issues that have been reported in literature. We have drawn inspiration from convolutional neural
networks used in image analysis and dynamic neural networks used in process control to achieve good overall
predictive performance. The approach uses a unique, coarse spatial discretization scheme that resolves stiffness
problems in spatial dimensions. Stiffness in the temporal dimension is addressed by using a local linearization
technique drawn from control literature. We have demonstrated that, used together, these approaches provide
an efficient solver. Importantly, we have demonstrated that the solver is implementable in a numerical graph
environment enabling automatic differentiation. Consequently, error between observed and simulated fractions
can be backpropagated to parameters in the underlying binding and diffusion models enabling use of gradient
descent algorithms to train these Al models from outlet fraction data. Additional heuristic methods for model
pre-training have been developed in parallel with the numerical solver. These pretraining approaches greatly
speed-up the training convergence of the Al model. The proposed modeling framework is being developed for
use cases ranging from process development to manufacturing monitoring. Four areas of particular focus are
scale-up during process development, transition from batch to multi-column continuous platforms (such as
Sartorius’ BioSMB and BioSC devices), monitoring for deviations at manufacturing scale, and development of
optimal adaptive recipes (control strategies) for connected continuous multi-column processes. In this work

we show experimental results and the corresponding model predictions demonstrating efficacy for these
applications including examples with both membrane and resin binding modalities.
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4. pH Transients and Elution Profiles in Protein A Affinity Chromatography: Experimental
Observations, Modeling, and Approaches to Elution Buffer Engineering

*Rainer Hahn, BOKU Vienna, Austria
*Giorgio Carta, University of Virginia, United States

More than 40 years after its commercial introduction, Protein A affinity chromatography is still the workhorse
for the recovery and purification of antibodies and related biomolecules. The molecular mechanism of the
interaction between Protein A and IgG is well understood and numerous studies have addressed the adsorption
capacity and adsorption kinetics of different Protein A resins. More recently, some investigations have also
modelled the entire purification step including elution. However, pH transients and the ensuing peculiar

elution profiles that can be encountered in protein A chromatography have only barely been touched upon.

In particular, the relationship between the composition of the elution buffer and the range of pH values over
which the antibody actually elutes remains elusive. Understanding and being able to predict this relationship
can be invaluable to design elution buffers engineered to elute the antibody over desired pH ranges as well as
to direct pH adjustments for post-Protein A steps. To this end, we have performed a systematic investigation of
elution profiles using different elution buffers with different molarity, pH, and NaCl concentrations for a broad
range of commercially available Protein A resins including MabSelect PrismA, MabSelect SuRe, ProSep and
Amsphere, and for both polyclonal and monoclonal antibodies. The central observation of these studies is that,
depending on the buffer used, the pH wave can travel through the column far slower than the conductivity wave
delaying elution and causing the antibody to elute at pH values that are substantially higher than the eluent

pH. The spread between the two waves ranges between 0.5 and 3 column volumes and strongly depends on
the elution buffer composition, the ligand density, and the amount of bound antibody. The underlying reasons
for these behaviors are the interplay of ion exchange and adsorption processes occurring upon addition of the
elution buffer. Protein A and bound IgG essentially form a complex poly-buffer system due to the local high
concentration of charged amino acid residues. Titration effects of specific amino acids result in further transition
points and bending of the pH wave. The selection of a buffer system allows controlling the pH that the antibody
is exposed to elution. In extreme cases, e.g., when using weakly buffering glycine, the entire bound antibody
can be eluted at nearly neutral pH. However, this comes at the expense of an increased elution volume. We
also observed that the addition of even small NaCl concentrations to the elution buffer can have dramatic
effects on the peak shape, especially for glycine and acetate buffers, resulting in unexpected peak fronting

akin to anti-Langmuirian behavior. This can be explained by shielding repulsion of the histidine residues that
are responsible for the elution and increasing hydrophobic effects generally favoring interaction rather than
desorption. To better understand these phenomena, we have developed a mechanistic model of the elution
process based on a detailed description of the interactions between the buffer components with both the
immobilized Protein A ligands and with the adsorbed antibody along with the thermodynamics of interaction
between the antibody itself and the Protein A ligands. The model explains the experimental findings and
provides a useful tool for engineering the elution buffer. Our results suggest that mass transfer effects play only a
minor role in the elution process. Thus, the model is largely based on the assumption of local equilibrium.




5. Implementation of Mechanistic Model-Informed Chromatography Process Development and
Validation: Successes and Challenges
*Connor Thompson, Genentech, Inc., United States
Jessica Lyall, Genentech, United States

Michael Chinn, Genentech, United States
Thanmaya Peram, Genentech, United States

Mechanistic models have gained increased attention for their potential to reduce time-intensive experimentation
while maintaining or increasing process understanding. Integrated, realized, process development to validation
workflows have not yet been fully detailed. In this talk, a comprehensive strategy for leveraging mechanistic
chromatography models to increase development and validation efficiency along with process understanding
will be described and illustrated. This strategy consists of utilizing data collected during process development,
with a significant portion of data collected on high throughput RoboColumns, to calibrate mechanistic models
for prediction of product quality attributes and process indicators of interest. The initial model is calibrated with
a focus on speed and qualitative prediction of attributes relevant to step development, and used to support
process parameter optimization and provide an early read on step robustness. The mechanistic model is

further refined for use in process validation, where additional experimental data may be incorporated, protein
subspecies and impurities may be added, and a more thorough optimization, quality assessment and verification
of the model is performed. The verified model is used to perform risk ranking and filtering, identifying impacting
and non-impacting process parameters, and inform design of a worst-case corner only process validation study.
This streamlined validation study (compared to a DOE approach) serves to confirm process parameter effects and
acceptable operating ranges, and also provides confirmatory data on the robustness of the step for non-modeled
attributes such as host cell protein. Finally, the model is qualified to predict at-scale manufacturing performance.
Real, applied, case studies will be presented to illustrate the strategy in action. Model development data
consisted of RoboColumn studies supplemented by a small set of AKTA-scale chromatography experiments,

and enabled a confirmatory AKTA-scale validation study with a significant reduction in runs compared to the
traditional approach. The considerations used to evaluate and apply the model will be discussed, including
development of quantitative and qualitative model evaluation criteria, design of the confirmatory AKTA-scale
validation study, selection of simulation conditions for the model application, and strategies for non-modeled
attributes. A comprehensive framework for application of models in process development and validation is
proposed, setting the stage for a future paradigm of model-informed process development and validation
integrating molecule-specific high-throughput experimental data, cross-molecule process knowledge, and
mechanistic modeling.
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Session 6 - Adsorptive Separations Across the Universe of Biologics

Stefano Menegatti, North Carolina State University, United States
Kevin Brower, Sanofi, United States

1. Cleavable affinity tags can revolutionize biologics manufacturing — but how do we convince
the FDA?

*David Wood, Ohio State University, United States

Izabela Gierach, Protein Capture Science, United States

Sabat Serraano-Gonzalez, Ohio State University, United States
Sophia Mayone, Ohio State University, United States

Nathan Moody, Ohio State University, United States

Affinity tag methods have shown incredible power in simplifying recombinant protein purification, and variations
are now used in virtually every protein production laboratory in the world. Yet, with the single exception of
blinatumomab (Blincyto®), they are never seen in biologics manufacturing. The main obstacle is the removal

of the tag, which is generally considered a requirement for FDA approval due to the potential immunogenicity

of the tag. Conventional tag removal methods would require validated protease enzymes, as well as additional
steps, which have made this approach impractical. In the case of blinatumomab, the low dose and end-of-life
indication was enough to gain approval with a polyhistidine tag in place, but this exception is unlikely to become
the rule. These difficulties have been largely eliminated through the use of self-removing tags, which provide

an untagged target protein in a single column step using a highly reusable affinity resin. All that is required is a
small shift in pH, which triggers release of the cleaved target protein from the immobilized tag. This method can
therefore be used to purify virtually any protein for which a convenient affinity partner does not exist. Previously
difficult proteins, including scFvs, cytokines, fusion proteins, antibody fragments and fusions, nanobodies, and
even engineered bifunctional T-cell engagers (like blinatumomab, but without the His tag), can now be easily
purified at scale with minimal process development. Published case studies have shown successes of this
approach, using proteins and glycoproteins expressed in microbial and mammalian hosts, with high yields and
extraordinary purity(1). As this method is evaluated for clinical material however, an important question arises:
How can we provide a validated method to demonstrate complete tag removal as part of an IND application

to the FDA? It is obvious that tag removal will be a critical quality attribute, and that any release assay must be
robust and reproducible. But there are special challenges when quantifying the removal of a small segment

of protein from a much larger target, and this is unexplored territory for the FDA. In this presentation, we will
examine this question and provide unpublished preliminary data on a variety of potential approaches. These
include immunoaffinity approaches, such as western blots and ELISA assays, as well as MALDI, LC/MS and other
chromatographic approaches. Our initial results using western blots and intact protein MALDI suggest that the
cleaved target has a nearly undetectable level of remaining tag (due to the high affinity of the tag for the resin),
but the development of more sensitive ELISA approaches will provide a clearer insight. Also in this presentation,
we will provide case studies on the production and purification of several complex glycoproteins, as well as data
on Host Cell Protein and DNA clearance, as well as quantitative data on tag removal. The end result will be a clear
road map to enable the use of this powerful technology in the development of new clinical proteins.



2. 3D-printed matrices for the purification of plasmid DNA via steric exclusion chromatography

*Ana Rita Santos, iBB - Institute for Bioengineering and Biosciences, Portugal

Joana Silva, iBB-Institute for Bioengineering and Biosciences, Department of Bioengineering, Instituto
Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisbon, Portugal

Sara Sousa Rosa, iBB-Institute for Bioengineering and Biosciences, Department of Bioengineering,
Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisbon, Portugal
Mariachiara Conti, Institute for Bioengineering, School of Engineering, The University of Edinburgh,
Colin McLaurin Road, The King’s Building, Edinburgh EH9 3DW, United Kingdom

James R. Pullen, Fujifilm Diosynth Biotechnologies, Teesside TS23 1LH, United Kingdom

Simone Dimartino, Institute for Bioengineering, School of Engineering, The University of Edinburgh,
Colin McLaurin Road, The King’s Building, Edinburgh EH9 3DW, United Kingdom

Ana M. Azevedo, iBB-Institute for Bioengineering and Biosciences, Department of Bioengineering,
Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisbon, Portugal

Currently, plasmid DNA (pDNA) holds great promise not only for gene therapy and DNA vaccination, but also

as a raw material to produce mRNA and viral vaccines. However, achieving high-quality purification remains a
significant challenge. Current purification methods, often involving multiple precipitation and chromatographic
steps, can compromise the structural integrity and stability of the desired supercoiled (sc) pDNA isoform, which
is crucial for effective gene transfer. This work aims to explore the potential of steric exclusion chromatography
(SXC) as a novel approach for capturing pDNA, immediately after cell lysis, and using 3D-printed chromatographic
matrices. SXC is a size-based separation mode whereby retention is achieved through mutual steric exclusion of
polyethylene glycol and a large target solute in a hydrophilic solid phase. SXC shares common mechanistic roots
with PEG precipitation, with the main operational difference being that SXC employs a hydrophilic solid phase as
a nucleation centre on which biomolecules accrete instead of forming precipitates. The experimental workflow
included cultivation of Escherichia coli cells, harboring the model plasmid pVAX-eGFP (3,685 bp), alkaline lysis,
and the use of SXC for pDNA capture and purification on 3D printed hydrophilic supports. The process concludes
with concentration of the plasmid-containing fractions through precipitation with high concentrations of PEG.
After resuspension, the fractions were analyzed by HIC-HPLC and the protein content was determined by BCA.
Applying SXC on 3D-printed monolithic columns with 0.70 mL bed volume successfully purified and isolated the
desired sc pDNA isoform with high yield in a single chromatographic step. The SXC operation was tested with
PEGs of different molecular weights (1500 to 8000 Da) and concentration (5 to 15%). Total pDNA retention was
achieved when employing short PEG chains at high concentrations, or longer PEGs at lower concentrations.

This had the spill over benefit of mitigating backpressures and shear stress effects. Most importantly, under the
optimised conditions tested, the total purity of sc pDNA was consistently above 97%, with an 80% HCP reduction.
In conclusion, the proposed method significantly mitigates the relaxation effects in plasmids observed in current
purification procedures required for isolating sc pDNA, which makes it a promising and innovative approach for
the development of a fast, high-capacity, and cost-effective pDNA capture step.
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3. Lentiviral Vector Determinants of Anion-Exchange Chromatography Elution Heterogeneity
*George Pamenter, University College London, United Kingdom
Lee Davies, Oxford Biomedica, United Kingdom
Carol Knevelman, Oxford Biomedica, United Kingdom
James Miskin, Oxford Biomedica, United Kingdom
Kyriacos Mitrophanous, Oxford Biomedica, United Kingdom
Duygu Dikicioglu, University College London, United Kingdom
Daniel G. Bracewell , University College London, United Kingdom

Lentiviral Vectors (LVs) are membrane-enveloped and are used throughout the Cell and Gene Therapy industry
for ex vivo modification of patient cells. Manufacturing difficulties, particularly effective purification of LV

drug substance, have contributed to restricted global supply. The industry predominantly employs convective
anion-exchange (AIEX) adsorbents for primary product capture, yet inconsistent and generally low recoveries
are reported. This stems from a poor understanding of the complex adsorption behaviours related to the large
size and intricate structure of LVs. These include product loss from time-dependent irreversible binding and
binding heterogeneity, which is frequently characterised by a broad salt gradient elution profile consisting of
weak (peak 1) and strong (peak 2) binding peaks. To understand which LV components mediate AIEX sorption
behaviour. We began experiments with LVs devoid of pseudotype protein (VSV-G), often assumed to be a

key envelope-associated protein involved in AIEX binding. However, the “two peak” elution profile remained
consistent indicating that there are other components in the envelope that contribute to the interaction. Upon
sequential protease digestion, the strongly interacting “peak 2” population converges to a single weak binding
“peak 1”. A literature review of the membrane glycocalyx composition identifies highly charged long-chain
glycosaminoglycans (GAGs), covalently attached to base protein units to form membrane proteoglycans, as
potential strong binding species. Heparanase I/Ill and Chondroitinase ABC digestion of these GAGs causes all LV
to elute in a single weakly interacting peak (peak 1), challenging the assumption that variations in multipoint
attachment of envelope proteins causes LV binding heterogeneity. The data substantiates the hypothesis that
distinct components of the LV envelope govern binding behavior, wherein the “two peak” profile emerges from a
subset of LVs interacting via highly charged glycosaminoglycans (peak 2) along with a weaker binding population
likely interacting through the phospholipid membrane and envelope protein (peak 1). Further experiments
isolating material from each binding population and re-injecting them onto AIEX adsorbents yields homogenous
single peaks with retention points corresponding with their location in the initial “two peak” gradient profile.
This demonstrates that binding heterogeneity originates from distinct subpopulations of LV present in the cell
culture supernatant, perhaps due to differences in glycosylation state. Finally, we demonstrate product loss
due to increased irreversible binding at prolonged periods of adsorption cannot be mitigated by digestion

of GAG species, but reduces with increasing membrane occupancy, alluding to a conformational spreading
rather than a “Velcro” type loss mechanism. In conclusion, our data establishes that LV binding heterogeneity
stems from heterologous populations with differing envelope compositions. Contrary to current assumptions,
the most strongly interacting LV populations on AIEX adsorbents are shown to bind via negatively charged
glycosaminoglycans rather than envelope proteins such as the commonly used VSV-G. As removal of these
species does not mitigate product loss mechanisms, our findings advocate for a redesign of AIEX adsorbents,
specifically targeting lower ligand densities for LV applications, to achieve high-recovery AIEX processes.



4. Overcoming challenges in the development of chromatographic separation of empty, partial, and
full AAV capsids for Gene Therapy applications
*Vijesh Kumar, Spark Therapeutics, United States

Ohnmar Khanal, Spark Therapeutics , United States
Mi Jin, Spark Therapeutics, United States

Gene therapy offers a promising approach to address many unmet medical needs. Recombinant
Adeno-associated viruses (rAAV) have emerged in the past decades as one of the most popular viral gene
transfer vehicles for gene therapy, due to its relative high efficiency, low immunogenicity and good safety profile.
Recent analysis showed >150 registered clinical trials on going using rAAV. However, the purification of rAAV
vectors is particularly challenging, given capsids without therapeutic transgene (empty capsid) or an incomplete
copy of the transgene (partial capsid) can make up 70-90% of the total output from the bioreactor. The current
framework for purification process development remains inefficient. Product consistency also necessitates
proper control of the product profile in the final drug substance, calling for a scalable purification method that
can separate these product variants. Anion exchange chromatography (AEX) is widely used to separate empty
and full capsids. However, the enrichment and separation of empty and partial capsids with anion exchange
chromatography with higher yield and purity are rarely demonstrated in the literature. In this talk, we will
present separation strategies for two rAAV constructs and how to overcome the yield and purity challenges using
different separation modalities on AEX resin. The separation strategies can be built in three stages. The first is
optimizing the selectivity of capsid variants by screening optimum resin chemistry. We found that for rAAVs,

the presence of kosmotropic agents and metal ions is not only critical for better selectivity but also enhanced
stability of intact capsid during purification. The two different constructs of rAAV in our case showed a different
selectivity behavior in the presence of additives. Secondly, the transport limitation due to the large size of rAAVs
has to be overcome by the appropriate selection of resin pore size or monolith media. In contrast to using a
bigger pore size resin, AAV exclusion from the effective smaller pore resin, established from the mechanistic
model, was found to be more suitable for higher resolution. Using resin pore size that excluded capsid or using
a monolith column provided lower residence time and better resolution among capsid variants and yielded
better product recovery. Lastly, after optimizing the optimal selectivity; flow-through, step, and gradient elution
strategies were evaluated using the mechanistic model. Overall, we will provide the best modalities to achieve
>95% empty capsid removal with a yield greater than 80%. We will also illustrate the removal of the partial
capsid by greater than 40% using the three-column displacement chromatography and single-column two-step
elution method aligned with the approach adopted above.
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Session 7 - Separating without Sticking — Adventures in Non-Adsorptive Separations

Elizabeth Goodrich, MilliporeSigma, United States
Caryn Heldt, Michigan Tech, United States

1. Developing a Scale-Down Model for Batch Lysis in Plasmid DNA Purification Processes

*Ehsan Espah Borujeni, Bristol Myers Squibb, United States
Dongjun Liang, Bristol Myers Squibb, United States
Michael.Vanseveren, Bristol Myers Squibb, United States
Ryan Wang, Bristol Myers Squibb, United States

Ujjwal Bhaskar, Bristol Myers Squibb, United States
Xuankuo Xu, Bristol Myers Squibb, United States

Angela Lewandowski, Bristol Myers Squibb, United States
Sanchayita Ghose, Bristol Myers Squibb, United States

Plasmid DNA (p-DNA) has been widely used as a critical component in production of therapeutic proteins. Recent
advances in genetic therapeutics like gene and cell therapy have created a large global demand for this critical
component across biopharmaceutical industry. However, current p-DNA production processes pose limitations
on the large-scale manufacturing capacity of p-DNA, which makes meeting this uprising demand challenging.
One of those limitations is the scale-up of the lysis unit operation in downstream process wherein the harvested
cells are lysed via mixing with an alkaline solution to release the intracellular p-DNA, followed by partial cellular
impurities removal via precipitation. Batch mixing has been the most common approach used for this unit
operation with mixing quality impacting the quality and quantity of the recovered p-DNA. Mixing quality can also
potentially affect the performance of subsequent unit operations via carried-over cellular impurities. Therefore,
robust design and scale up of lysis mixing operation becomes crucial. However, due to the complex viscoelastic
properties of lysate, and shear sensitivity of both p-DNA and genomic DNA, developing a representative lysis
scale down model becomes challenging. Although computational modeling approaches have been previously
used for designing mixing-based unit operations in bioprocesses, it would be extremely challenging to apply
them in this case due to the dynamic and complex rheological properties of lysate. In this work, we will present
a creative approach where a 3D-printed small-scale lysis set up, mimicking the design of the lysis container at
scale, was developed using several geometric scaling parameters. The scale-down model was then used for
defining the lysis operation parameters at lab scale followed by the lysis scaling up to the pilot plant and GMP
facilities, using several operational scaling parameters. The developed scale-down model could successfully
predict the lysis performance at scale with comparable process and product quality attributes.



2. Model-based optimization of Single Pass Tangential Flow Filtration (SPTFF) for concentration and
purification of viral vectors
*Akshay Chaubal, Pennsylvania State University, United States
Christopher Yehl, Spark Therapeutics, United States
Lu Wang, Spark Therapeutics, United States
Andrew Zydney, Pennsylvania State University, United States

The recent approval of several viral-vector-based therapeutics has heightened the focus on the imperative

for more efficient strategies in manufacturing these groundbreaking gene therapy products. Viral vectors are
generated at relatively low titers, and the tangential flow filtration (TFF) process is frequently employed to
concentrate the viral vector to the desired concentration, both for crude and purified viral vectors. Compared

to the conventional TFF process, Single-Pass Tangential Flow Filtration (SPTFF), which concentrates the product
along the length of the module in a single pass without any recycling, is superior in maintaining product

quality due to lower process shear. Additionally, SPTFF can lead to reductions in manufacturing costs and
greater manufacturing flexibility [1]. In this study, SPTFF was evaluated using two viral-vector modalities:
adeno-associated viral vectors (AAV) and lentiviral vectors (LV). Both clarified cell lysate (CCL) and purified
product streams were evaluated to assess the impact of host-cell impurities on SPTFF performance. Vector yield,
HCP removal, and membrane fouling were studied during SPTFF using both cellulosic and polyethersulfone
membranes with different nominal molecular-weight cutoff. Single-membrane flux-stepping experiments were
then performed to evaluate the impacts of process conditions on vector yield and membrane performance.

The study results demonstrated that the maximum operating flux increased when increasing feed flow rate

and decreasing vector concentration. The study results aligned with a newly developed modified concentration
polarization model that accounts for the variation in transmembrane pressure and vector concentration along
the length of the module [2]. These findings were then applied to the design of internally-staged SPTFF modules,
incorporating permeate flow control strategies to maintain the vector concentration on the membrane surface
below a critical level. After successfully demonstrating a proof-of-concept for SPTFF, process intensification was
evaluated by coupling the SPTFF unit operation to upstream and / or downstream unit operations. This seamless
integration holds the potential to significantly enhance the downstream manufacturing process for high-value
gene therapy products.
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3. A unified view of virus and recombinant protein interactions with block copolymer membranes
Gabriel Hale, TeraPore Technologies, United States
Yair Kaufman, Terapore Technologies, United States
KC Hunt, Terapore Technologies, United States
Pranav Ramesh, Terapore Technologies, United States
Jack Wilson, Terapore Technologies, United States
Rachel Dorin, TeraPore Technologies, Inc., United States
*Daniele Gerion, Terapore Technologies, United States

Virus filtration (VF) in downstream biomanufacturing is a process that exists on a knife edge. On the one

hand, at least 99.99% of viruses larger than 20nm must be rejected by the filter. On the other hand, valuable
biotherapeutics with sizes up to 15nm are expected to pass through the filter at rates greater than 99%. For

the past twenty years, VF manufacturers have responded to this challenge by providing a variety of products
with increasingly better performance. Yet, recent anecdotes paint a story where VF offerings are falling short

in situations that are becoming mainstream. These include newer recombinant therapeutics and processing
conditions, such as at very high conductivities or at low process flux. These shortcomings manifest themselves
in either suboptimal viral retention (LRV<4), markedly reduced protein throughputs, or both. The response to
these challenges has been confined largely to empirical feed adjustments that may be difficult to implement

on the factory floor. The efforts directed towards membrane engineering are hampered by the complex system
of retention and fouling mechanisms at play during the virus filtration process. TeraPore Technologies has
developed a proprietary technology that uses self-assembled block copolymers to produce membranes that
address the most complex separation challenges in biopharmaceutical production. This technology gives us full
control of key membrane attributes such as pore density, uniformity, and surface chemistry. This offers a unique
opportunity to study the fundamental interactions between the membrane and biomolecules. A clear picture
emerges of a unified description of the interaction mechanisms in virus retention and protein fouling, that
include pore-blocking and adsorption for both biomolecules. We have demonstrated that monoclonal antibodies
(mAbs) fouling of isoporous membranes is dominated by adsorption caused by hydrophobic forces between the
mAbs and the membrane. This fouling mechanism is always present but can be greatly minimized by a proper
chemistry treatment of the membrane. A second fouling mechanism is pore-blocking, which is marginal for
monomeric feeds but dominates when the feed contains even a fraction of small aggregates. These two protein
fouling mechanisms have analogs for virus-membrane interactions. Virus rejection by size exclusion can be
viewed as an interaction mechanism similar to pore-blocking by protein aggregates. We then explored the extent
to which hydrophobic forces contribute to virus interactions with membranes by using PP7 and BIX-174 phages
and self-assembled block copolymer membranes that were surface modified to adjust their hydrophobicity

and pore size. Our data support the interpretation that there are at least two mechanisms of viral retention:

(1) Size exclusion, which plays an overwhelming role in robust virus retention, and (2) virus adsorption, which

is a significant driver to push the LRV up to 5-7 for hydrophobic membranes. Our findings allow us to design VF
devices that are predominantly driven by size exclusion rather than adsorption and provide clues on the cause
of virus breakthroughs at high conductivity and low flow rates that have been reported. They also offer the
prospect of a rational design of VF membranes with robust and predictable performances.



4. Regulatory Considerations for Design and Implementation of Continuous Viral
Inactivation Reactors

*Scott Lute, FDA/CDER/OPQ/OBP, United States

There is an ongoing paradigm shift away from batch processing and towards continuous manufacturing (CM)
to produce therapeutic protein drug products. Fundamentally, conversion of a batch process such as low pH
chemical inactivation to a continuous process includes switching from the static batch tank hold of fluid to a
dynamic continuously flowing fluid stream. Physically, this means converting a static stirred-tank model to a
dynamic pipe-flow model while maintaining critical process parameters (CPP) such as time, temperature, and
pH. One such model, the continuous virus inactivation reactors (cVIR) rely on residence time distribution (RTD)
models to demonstrate process control and ensure the CPP are met. Understanding of the cVIR design, tracer
selection, and RTD modeling has been a regulatory challenge that must be met to prepare for the paradigm shift
towards continuous manufacturing of therapeutic proteins. Our work aims to understand the impacts of cVIR
development and scale up on the process parameters of the continuous viral inactivation process, as well as
identifying potential failure modes that may impact viral safety and efficacy. There is also a need to understand
the impact of tracer sensitivity on the RTD model, particularly when determining the minimal and maximal
residence times achievable by the cVIR. Preliminary data demonstrate that the minimum residence time (MRT)
approach for cVIR characterization differs by the selection of tracer utilized from Acetone, phosphate buffered
saline and riboflavin. This is demonstrated via the difference in curve profile observed at similar flowrates

of each tracer through the same column configurations. Additionally, tracer detection sensitivity can impact
MRT determination, with acetone and riboflavin have a detection range of 99% to 0.1%, or up to 3 log10. To
address this, we are using bacteriophage PP7 and PR772 as tracers with a detection limit of 99% to 0.0001%
breakthrough, or 7 log10. These data will help to determine if tracer sensitivity and tracer particle size can
impact MRT. By understanding how cVIR design and tracer selection impact critical process parameters such as
MRT, this study hopes to provide scientific understanding to potential concerns that may arise regarding applying
a cVIR for low pH inactivation to support regulatory acceptance of this advanced technology.
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Session 8 - Capers and Antics Across the Purification Process

Yinying Tao, Eli Lilly and Company, United States
Thomas von Hirschheydt, Roche, Germany

1. When the platform doesn’t fit: Simultaneous innovation of process and platform during
downstream development of a challenging Fc-fusion protein

*Julie Robinson, Downstream Biologics Process Research and Development, Merck & Co., Inc., United States
Jacquelynn Mackie, Downstream Biologics Process Research and Development, Merck & Co., Inc., United States
Mayank Vats, Downstream Biologics Process Research and Development, Merck & Co., Inc., United States
Peter Liu, Downstream Biologics Process Research and Development, Merck & Co., Inc., United States
Gabriela Sanchez, Downstream Biologics Process Research and Development, Merck & Co., Inc., United States
Michael Hartmann, Modeling and Informatics, Merck & Co., Inc., United States
David Roush, Previous Merck employee, United States

Early phase programs historically have relied on a rapid purification platform fit to enable molecules to reach
the clinic as quickly as possible. However, new constructs such as antibody fragments, fusion proteins, and
multi-specifics present unique product quality profiles where the platform sometimes proves inadequate. In
such cases, advancement of both the purification process as well as the development strategy/tools used to
arrive at the end process is required to deliver on accelerated first in human (FIH) timelines. This talk exemplifies
parallel innovation of process and development workflow through the case study of a challenging heterodimeric
Fc-fusion protein. A low pl, heavy glycosylation and substantial HMW content (~ 40%) necessitated extensive
process development beyond the typical platform. The integration of in silico and high throughput experimental
techniques was a key enabler for the on-time delivery of a robust, scalable downstream process despite the
additional scope of development. Both empirical and mechanistic models were leveraged to rapidly identify

and optimize non-platform conditions for both polishing chromatography steps. PAT was implemented at

lab and pilot scale to provide real time monitoring of HMW clearance. Process development efforts started

with re-design of the Protein A step for both product capture and purity enrichment. The optimized Protein A
step reduced HMW levels by more than 10% prior to polishing chromatography. The second column utilized
MMAEX, rather than the platform AEX, in flow through mode at low pH to achieve HMW, residuals, and viral
clearance while maintaining the charge variant profile and sialic acid content. A CEX polishing step was rapidly
optimized to handle variable feed impurity composition with the aid of mechanistic modeling. The final process
showed consistent performance across scales, from 50L to 500L to 2000L. Importantly, the innovations in the
development workflow for this Fc-fusion protein case study resulted in advancements to the general FIH strategy
to accommodate other challenging molecules. Furthermore, the integrated experimental HTS/computational
modeling approach also has the potential to further expedite purification process development for molecules
that fit the platform.



2. Process Intensification of Recombinant Adeno-Associated Viral Vector Production
*Andrew Tustian, Regeneron Pharmaceuticals, United States
Garima Thakur, Regeneron Pharmaceuticals, Inc., United States
Sheldon Mink, Regeneron Pharmaceuticals, Inc., United States
Hanne Bak, Regeneron Pharmaceuticals, United States

Recombinant adeno-associated viral vectors (rAAV) are currently the preferred mode of delivery for in-vivo gene
therapy treatments. However, large-scale manufacturing of rAAV to support late-stage clinical trials and commercial
production remains a significant challenge due to low production yields, limited scalability, and high facility

and consumable costs. The average cost-of-goods for a gene therapy treatment is estimated to be in the range

of USD 0.5-1 million per patient, and the treatments themselves range from USD 0.8 — 3.0 million per patient.
Therefore, process intensification is vital if rAAVs are to become accessible to large patient populations, especially
in less developed economies The talk details innovations in production of rAAV in order to reduce cost-of-goods
during production for AAV by triple transfection in HEK293 cells, including (i) reducing or eliminating the need for
endonuclease treatment during cell lysis and harvest via use of single-use chromatographic clarification (ii) coupling
of single-pass tangential flow filtration (SPTFF) to affinity capture to reduce processing time, and (iii) development
of anion exchange chromatographic workflows, applicable to a variety of serotypes, to enable enrichment of full
capsids to more than 75%, and up to 98%, from input feedstreams containing less than 15% full capsids.
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3. The well-being approach for higher yields — how to make lentiviral vectors comfortable during
downstream processing.
*Noor Mujahid, University College London , United Kingdom
Yasu Takeuchi, UCL Division of Infection and Immunity, and Medicines, and Healthcare Products

Regulatory Agency (MHRA), United Kingdom
Andrea Rayat, University College London, United Kingdom

Many cell and gene therapies use lentiviral vectors (LV) to deliver therapeutic genetic material to host cells.
Although LVs have been approved for clinical use, their manufacturing process faces major bottlenecks,
particularly in the purification stage, where recoveries below 30% are typical. This presentation aims to discuss
how a better understanding of the surrounding environment and the interaction between LV and its process
conditions can enhance LV recovery during clarification, concentration/diafiltration using TFF, and anion
exchange chromatography while also considering stability and robustness. So far, we have achieved a 2-3-fold
improvement in LV yields; this is a significant achievement considering the challenges in performing LV studies.
Our key enablers are scale-down methodologies and manufacturing our own upstream feed conditions ranging
from transient transfect third-generation VSV-G LV in both adherent and suspension cultures to stable cell

lines (WinPAC). The presentation will show unpublished results, and the majority of these will be first reported
here. To improve clarification recoveries, we investigated the role of membrane chemistry in reducing LV loss.
One key innovation is the novel application of membrane surface zeta potential techniques to bioprocess
characterisation. We aimed to understand the impact of membrane ionic charges on the rate and extent of
fouling of different LV feeds. Results obtained from our experiments revealed a relationship between membrane
material, in-process conditions, and recovery. For instance, PES had a recovery rate of 93%, while Nylon only
had a recovery rate of 67%. This was correlated with their respective membrane zeta potential, showing that the
nylon surface had a positive surface charge, which differed from the negative LV crude feed. This could result

in a higher adsorption rate and interaction with the membrane surface, leading to a loss of functional vector
particles. We also used confocal and scanning electron microscopy to visualise the fouling on the membrane
surface and quantified these using foulant-specific dyes and fluorescent antibodies. In our TFF experiments, we
studied the interaction between processing sequence (i.e., UF-DF or DF-UF), mode of operation, and membrane
properties on LV yield, productivity, and vector quality. We demonstrated, both at ultra scale-down and larger
systems (up to 50-fold membrane area), that the sequence of TFF unit operations plays a vital role in obtaining
high recovery. Additionally, we found that operating TFF at higher TMP (up to 2 bar) to increase productivity

did not lead to a significant loss in functional titre, further confirming our recently published work that LVs can
withstand high shear and are more robust than previously thought. To the best of our knowledge, this will be the
first time that a whole bioprocess analysis on LV recovery will be presented, showing how a range of upstream
conditions impact downstream recovery and the impact of buffer conditions during TFF and subsequent anion
exchange chromatography on aggregation, stability, and recovery. Our findings demonstrate that LV recovery
and product profile can be improved by selecting the right upstream and downstream conditions (i.e., a suitable
processing environment can be determined for the “well-being” of LVs during bioprocessing).



4. Integrated continuous mRNA precipitation-based purification process

*Mariachiara Conti, Institute for Bioengineering, The School of Engineering, The University of Edinburgh
Jingwen Leilnstitute for Bioengineering, The School of Engineering, The University of Edinburgh

Jodie Symington, FujiFilm Diosynth Biotechnologies, Teesside, UK

Andrew Sinclair, Biopharm Services Limited, Chesham, Bucks, UK

Yuki Abe, Biopharm Services Limited, Chesham, Bucks, UK

James Pullen, FujiFilm Diosynth Biotechnologies, Teesside, UK

Simone Dimartino, Institute for Bioengineering, The School of Engineering, The University of Edinburgh

In recent years, mRNA-based therapeutics, including mRNA vaccines, have emerged as cutting-edge technologies
for treating various diseases, ranging from cancer and gene therapy to cardiovascular and autoimmune
conditions. Current downstream processing relies on chromatography strategies, such as size exclusion
chromatography, ion pair reverse-phase chromatography, ion exchange chromatography, or affinity-based
separation, coupled with tangential flow filtration. However, purification remains challenging due to working
conditions that can lead to denaturation, high costs, limited scalability, or gel formation and fouling during
filtration steps. These extensive intermediate steps significantly impact overall yield and RNA integrity, thus
influencing final production costs. Therefore, the need for innovation in manufacturing processing is crucial with
the advent of such a new therapeutic modality. In recent years, precipitation has become an interesting, flexible,
easy-scalable, and cost-effective alternative to chromatography systems for purification of therapeutic products
such as monoclonal antibodies. Precipitation aligns with the current trend of continuous manufacturing and
sustainability, as it can be performed in a fully continuous mode, reducing energy and material consumption.

On the laboratory scale, precipitation serves as a straightforward and cost-effective method for concentrating
RNA, involving salts like ammonium acetate or lithium chloride. However, these methods do not allow for the
removal of impurities, such as aberrant mRNA, mRNA fragments, or dsRNA, and the scalability of such processes
still needs to be addressed. We will present our integrated and continuous manufacturing process for mRNA
purification. These methods involve combining various precipitating agents, such as PEG and different cations.
Precipitation is carried out in a tubular reactor, followed by continuous flow filtration for both concentration and
washing. This system is integrated at the benchtop scale for the continuous purification of mRNA. “This research
was supported by the U.S. Food and Drug Administration under the FDA BAA-22-00123 program, Award Number
75F40122C00200.”
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Session 9 - Manufacturing Control and PAT: Successful Implementation and
Continuing Obstacles

Astrid Duerauer, BOKU & Austrian Centre of Industrial Biotechnology, Austria
Emily Schirmer, Catalent Pharma Solutions, United States

1. The minimum requirement on PAT’s success for industrial implementation: The simultaneous
prediction of multiple relevant Product Quality Attributes in real-time
*Gang Wang, Boehringer Ingelheim, Germany
Jiarui Wang, Boehringer Ingelheim Pharma GmbH & Co. KG, Germany
Jingyi Chen, Karlsruhe Institute of Technology, Germany
Joey Studts, Boehringer Ingelheim, Germany

Efforts to develop and implement Process Analytical Technology (PAT) have emerged in the biopharma industry,
building upon pioneering work in academia. New sensors combined with multivariate data analysis hold great
promise for future biopharmaceutical downstream manufacturing. However, despite the evident advantages
of implementing PAT, convincing successes of tracking multiple and specific critical quality attributes in an
industrial implementation have yet to be demonstrated. This may be attributed to the inherent nature of PAT
and its application scenarios. PAT aims to substitute analytical methods in a real-time manner, but its impact
on resources, capacities, and sample savings would be insignificant if it only addresses a limited number of
relevant product quality attributes. Moreover, if PAT fails to replace the current input-output control strategy
comprehensively du