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BIOMANUFACTURING SUMMIT - SEP 10-11, 2018

SUMMIT ON “BIOMANUFACTURING INNOVATION” (UMASS CLUB, BOSTON)

Location: UMass Club, 1 Beacon St. Boston MA

Hosted by Biomanufacturing Innovation Institute, Massachusetts BioManufacturing Center (MBMC),
University of Massachusetts Lowell NSF/IUCRC AMBIC (Advanced Mammalian Bioprocessing Innovation Center)

PART I. SUMMIT Sep 10 (Monday): 9:00 AM — 5:00 PM

8:30 AM

REGISTRATION

9:00 AM

WELCOME AND INTRODUCTION (UML and organizer)

9:10 AM

SESSION I: GENE THERAPY BIOPROCESSING — CHALLENGES AND ADVANCES
Session Chair: Sadettin Ozturk, MassBiologics (9:10 — 9:20 AM)

T1: “Towards a scalable, cost effective, robust, and reproducible
manufacturing process for gene therapy vector production”
Sadettin Ozturk, SVP of Process Development, Masshiologics (9:20-9:50)

T2: “rAAV gene therapy and challenges
Dan Wang, Research Fellow, University of Massachusetts Medical School (9:50-10:20)

10:20 AM

BREAK

10:50 AM

T3: “Biomanufacturing Strategies: Micro-Scale Manufacturing For Precision Medicines,
Industrial Scale Manufacturing For Mass Products, And Everything In Between”
Raj Manchanda, Innovation Portfolio Leader, Bill & Melinda Gates Medical Research Institute (10:50-11:30)

11:30 PM

NETWORKING LUNCH

12:30 PM

SESSION II: BIOMANUFACTURING INNOVATION |
Session Chair: Igor Kaltashov, PhD, Chemistry Professor, UMass Amherst (12:30-12:40)

T4: “Scale up design and optimization for an intensified
downstream process utilizing multi-column operations”
Kathleen Mihlbachler, Director of Global Development, LEWA-Nikkiso America (12:40-1:20)

T5: “NIIMBL SPIDER Network: Accelerating Tomorrow’s Innovations Today”
Rick Lawless (NCSU), Director of BTEC, NC State University (1:20-1:50)

T6: “Real-time molecular weight measurement for process monitoring and control”
John Champagne, Senior Applications Scientist and Northeast Regional Manager, WYATT (1:50-2:20)

T7: “Microfluidic device for CHO perfusion cell-culture”
Jongyoon Han, Professor, MIT (2:20-2:50)

2:50 PM

BREAK

3:20 PM

T8: “An update from NIIMBL”
Kelvin Lee, NIIMBL Institute Director, University of Delaware (3:20 — 3:50)

T9: “Next generation biotech processes and technologies for emerging therapeutic modalities”
René Gantier, Director, Pall Biotech Process R&D, Pall Life Sciences (3:50-4:20)

T10: “Creating and operationalizing a pipeline of impactful digital assets”
Chris Garvin, Amgen, (4:20-4:50)

4:50 - 5:30PM
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Sep 11 (Tuesday): 9:00 AM — 5:00 PM

8:30 AM

REGISTRATION

9:00 AM

NEXT YEAR THEME (UML AND ORGANIZER)

9:10 AM

SESSION IIl: CELL THERAPY BIOPROCESSING — CHALLENGES AND ADVANCES
Session Chair: Emmanuel Tzanalakis, Associate Professor, Tufts University (9:10 — 9:20 AM)

T11 “Intracellular Antibody Delivery: Ex vivo cell therapy and beyond”
Greg Tew, Professor, UMass Amherst (9:20-9:50)

T12: “Process Development for Increased MSC Production in Stirred
Tank Bioreactors”, Tiffany Hood, Head of Cell therapy bioprocessing, MilliporeSigma (9:50-10:20)

10:20 AM

BREAK

10:40 AM

T13: “Stem cell-derived products: From cultivation modalities to population based-models”
Emmanuel Tzanakakis, Associate Professor, Tufts U (10:40-11:20)

T14: “Adventitious agent detection in continuous cell culture — What can we learn from sensing in
biomedical and biowarfare applications?”
Todd Przybycien and James Schneider, Professor, Carnegie-Mellon University (11:20-11:50)

11:50 AM

NETWORKING LUNCH

1:00 PM

SESSION IV: BIDOMANUFACTURING INNOVATION II
Session Chair: Hyunmin Yi, PhD, Chemical Engineering Professor, Tufts University (1:11-1:20)

T15: “Plenary Talk: The NISTmAb and Related Biopharmaceutical Resources”
John Schiel, Institute for Bioscience and Biotechnology Research, NIST (1:20-2:00)

T16: “Single use disposable cell settler for clarification of cell culture harvest,
selective retention of live cells, and affinity capture of antibodies”
Dhinakar Kompala, CEQ, Sudhin Biopharma (2:00-2:30)

T17: “Improving the workstream across different functional areas in an immuno-oncology
focused hiotech by establishing Cell Line Development capabilities”
Alessandro Mora, Senior Scientist, Jounce Biotherapeutics (2:30-3:00)

3:00 PM

BREAK

3:30 PM

T18: “The Use of Tunable Diode Laser Absorption Spectroscopy (TDLAS)
for Lyophilization Process Development and Scale-up”
Emily Gong, PSI Inc, (3:30-4:00)

T19: “Next generation bioprocessing evolution to intensified mAb processing:
enabling technologies, gaps and digital integration”
Michael Phillips, Director of Downstream Process Integration, Next Generation Processing (4:00-4:30)

4:30 PM

CLOSING REMARKS
Seongkyu Yoon



SESSION I

Gene Therapy Bioprocessing —Challengers and Advances

SESSION CHAIR:
Sadettin Ozturk, MassBiologics

T1: SADETTIN OZTURK

Job Title: SVP of Process Development
Company: Mass Biologics

Biography: Dr. Sadettin Ozturk is currently the head of process and analytical development at Mass
Biologics in Boston, USA. He has had a long career in cell culture process development, technology
transfer, product licensing, and commercial manufacturing. His early contributions to the field focused on
applying chemical engineering principles and process control strategies to the optimization and scale-up
of cell culture processes. The scope of his work has expanded over the years, but it has always been
focused on advancing cell technology. He was responsible for the development of numerous cell culture
based processes and novel technologies that helped not only the companies that he worked for (Verax,
Bayer, GlaxoSmithKline, and Johnson & Johnson), but contributed to the rest of the field through his
numerous presentations and publications. Sadettin led process development activities and played a key
role in the licensing and commercialization of two monoclonal antibodies, Stelera, and Simponi. In addition, he transferred and supported
the commercial manufacturing of Kogenate and BeneFix. Sadettin has published numerous research articles, given presentations,
delivered keynote lectures, and edited books. He is a member of several societies including ESACT, American Association for the
Advancement of Science, New York Academy of Sciences, American Chemical Society, and American Institute of Chemical Engineering.
Sadettin is involved in these scientific organizations and other community activities by serving on their Scientific Advisory Boards and
organizing meetings and sessions. He has served Biochemical Technology (BIOT) division of American Chemical Society as the Division
Chair, and then as a Councilor. He co-authored a well-respected book in the field entitled Cell Culture Technology for Pharmaceutical and
Cellular Therapies. Sadettin also serves on Editorial and Review Boards for several journals and other publications.

Talk Title: Towards a scalable, cost effective, robust, and reproducible manufacturing process for gene therapy vector production

Abstract: As gene therapy is moving from concept to reality for the treatment and cure of several diseases, a major bottleneck in the
production of viral vectors was recognized. While simple laboratory procedures with manual operation was sufficient for small scale
preparations, treatment of larger patient population effectively requires modern bioproduction technologies. We will discuss the challenges
for the current viral vector production methods and present the opportunities for the development of next generation manufacturing
processes.



T2: DAN WANG

Job Title: Research Fellow
Company: University of Massachusetts Medical School

Biography: Dr. Wang joined the laboratory of Dr. Guangping Gao at the Horae Gene Therapy Center at
University of Massachusetts Medical School in 2012. His research focuses on in vivo gene delivery using
adeno-associated virus (AAV) vectors as a therapeutic approach for human diseases. He is pursuing
several research directions concerning therapeutic gene delivery to target the central nervous system,
including delivery method, AAV capsid engineering, effects of pre-existing AAV neutralizing antibodies,
gene expression regulation. In addition, Dr. Wang combines his expertise in AAV vectorology and genome
editing to develop innovative technologies for animal modeling in both rodents and non-human primates,
and for therapeutic applications.

Dr. Wang obtained his PhD degree from University of Alabama at Birmingham, where he was a graduate
student in the laboratory of Dr. David Bedwell from 2006 to 2012. In his dissertation work, he characterized a new mouse model of
mucopolysaccharidosis type | (MPS-I) caused by a nonsense mutation, and used this mouse model to study pharmacological nonsense
mutation suppression. His work demonstrated that designer aminoglycosides can induce a sufficient level of translational readthrough at
a premature stop codon, and to alleviate the MPS-| disease phenotype in mice.

Talk Title: rAAV gene therapy and challenges

Abstract: Recombinant adeno-associated virus (rAAV) has become the most popular gene delivery platform for in vivo gene therapy due
to the high transduction efficiency and low toxicity. Numerous pre-clinical animal studies have demonstrated the therapeutic efficacy and
safety of rAAV gene therapy to target different organs, such as the liver, muscle, heart, eyes, brain and spinal cord. In the recent years,
rAAV-based medicine has been approved by both EMA in Europe and FDA in USA, and more rAAV gene therapy products have a promising
regulatory path to reach the market in the near future. Meantime, several challenges still exist, such as the manufacturing demand,
immunological barrier, and requirement of fine-tuning therapeutic gene expression. In addition, while genome editing opens new avenues
to innovative and powerful gene therapy strategies, new challenges are just starting to be characterized.



T3: RAJ MANCHANDA

Job Title: Innovation Portfolio Leader
Company: Bill & Melinda Gates Medical Research Institute

Biography: Raj Manchanda is currently Innovation Portfolio Leader at Bill and Melinda Gates Medical
Research Institute (Gates MRI) in Cambridge. Raj holds a Ph.D. in Chemistry from Yale University,
a M.Sc. in Chemistry from the Indian Institute of Technology, and a B.Sc. in Chemistry from Delhi
University, and was Anna Fuller postdoctoral fellow at MIT.

Previously, he was at Frequency Therapeutics, where he was Chief Development Officer. His
responsibilities at Frequency included oversight of drug development and manufacturing, portfolio and
project management, infrastructure-building, and execution of global clinical development and regulatory
strategy. Prior to Frequency, Raj was Vice President, Neurodegeneration and Early-Stage Therapeutics
at Biogen, where he was responsible for portfolio strategy, planning and execution. Prior to this, he
held positions of increasing responsibility at Biogen across areas such as manufacturing, drug supply, strategic operations and alliance
management, and portfolio management. Prior to Biogen, Raj held leadership positions in Project management, preclinical/clinical R&D
and portfolio management at Diatide, Avid Radiopharmaceuticals, Perkin Elmer Life and Analytical Sciences and URL Pharmaceuticals.

Talk Title: Biomanufacturing Strategies: Micro-Scale Manufacturing for Precision Medicines, Industrial Scale Manufacturing for Mass
Products, And Everything In Between

Abstract: Manufacturing of biological products has advanced dramatically over the past three decades. Supply of biologics has evolved
from a potential barrier to success of a new product class to a true value driver in our industry. This success is rooted in a deep
understanding of the fundamental biology of our production systems as well as in substantial industrialization of the manufacturing
processes. While biomanufacturing is still far removed from the advanced manufacturing processes in the automobile or microelectronics
industry, we can chart a path towards highly integrated and automated manufacturing facilities that hold the promise of turning precious
biologics into mass products. At the same time, precision medicine has created the demand for patient specific manufacturing of
therapies with demands and opportunities that are very different from mass production, i.e. distributed manufacturing as opposed to large
central facilities. In between these extremes we continue to find traditional biotherapeutics where products are not personalized but not
mass produced either.

This presentation will discuss approaches to industrialization as well as aspects of patient specific manufacturing. We will explore the
question of why the industry continues to debate stainless steel versus single use and fed batch versus continuous biomanufacturing
and will make a case for all these approaches. We will then take a look at the solutions that the Bill & Melinda Gates Medical Research
Institute may pursue and how manufacturing in and for the developed world differs from manufacturing in and for the world’s poorest and
most vulnerable population.



SESSION II:

Biomanufacturing Innovation |

SESSION CHAIR:
Igor Kaltashove, PhD, Chemistry Professor, UMass Amherst

T4: KATHLEEN MIHLBACHLER

Job Title: Global Director of Separations Development
Company: LEWA-Nikkiso America

Biography: Dr. Mihlbachler has over 20 years’ experiences in the field of process chromatography. In her
current position as Global Director of Separation Development, she is responsible for the establishment
of innovative technologies at LEWA Bioprocess, in particular for continuous process applications in
pharma. She is the principal designer/developer of the EcoPrime Twin platform by successfully leading
the tech transfer of the ChromaCon’s CaptureSMB technology to the process scale. Dr. Mihlbachler
successfully directed a small technical team in the skid and its control software design, as well as
manufacturing and testing of two EcoPrime Twin prototypes in less than a year. She provided required
product documentation, training instructions and testing protocols. Under her technical and scientific

— . leadership, the prototypes have been extensively tested at external customer sites, at the Fraunhofer
Institute in Stuttgart, Germany, and at internal facilities, which includes theoretical and hands-on training of engineers and scientists, as
well as advisory rules for bachelor and PhD theses. Dr. Mihlbachler presents technical and scientific results at international meetings and
in peer-reviewed publications.

Prior to joining LEWA Bioprocess, Dr. Mihlbachler consulted with LEWA-NIKKISO to support the technical transfer of high-pressure
process chromatography including the SMB technology as well as customer projects. Dr. Mihlbachler worked as Sr. Researcher for 10
years in pharmaceutical industry. She was involved in the development, scale-up and manufacturing of purification/separation processes
for chiral and non-chiral compounds, peptides and proteins, including the implementation of innovative continuous processes, at BMS,
Eli Lilly and Pfizer. From 2011 to 2013, Dr. Mihlbachler taught undergraduate courses for chemical and biomedical engineering at New
Jersey Institute of Technology. She also instructed process chromatographic workshops at the Prep Symposium for more than 10 years.

Talk Title: Scale up design and optimization for an intensified downstream process utilizing multi-column operations

Abstract: Biologics manufacturing still remains dominated by batch operations. As upstream ftiters continue to increase due to
developments in higher producing cell lines, the downstream purification process must adapt to meet the demands of productivity
and processing cadence as to avoid becoming the bottleneck in manufacturing operations. In this work, several next generation
manufacturing technologies were evaluated and implemented at both benchtop and pilot scale for unit operations used in monoclonal
antibody purification. Multi-column continuous capture chromatography was utilized in order to increase both specific productivity and
resin capacity utilization by up to 2-3 fold and 30-40%, respectively. A variety of capture column scenarios were investigated in a Dok
format to determine the optimal performance range depending on several different factors, including column size, operating flowrates
and resin type. Model assisted design of multi-column capture was performed in order to allow the prediction of performance attributes
based on process parameters and was validated by experimentation. Utilizing optimized process parameters from this modeling exercise,
a 2-column continuous capture operation was carried out at pilot scale and showed good agreement to scale down models, achieving a
productivity of 25 grams processed per liter of resin per hour and a 93% resin capacity utilization. The interconnection of two separate
polishing operations was also carried out at benchtop and pilot scale, utilizing UV based criteria to allow for automated valve switching,
effectively removing the need for in-process holding vessels. The streamlining of the polishing operation showed no sacrifice in yield or
purity while decreasing processing and switchover time by up to 2 fold. The multi-column capture and integrated polishing operations
were linked with an automated viral inactivation vessel to allow for automated pH control of intermediate pools, removing the necessity of
in-process pool handling from the harvest step to viral filtration or concentration steps.



PRESENTERS

T5: RICK LAWLESS

Job Title: Director, Industry Programs
Gompany: North Carolina State University BTEC

Biography: As director of industry programs, Rick is responsible for several initiatives that reach beyond
NC State University, including short courses, contract services, and industry partnerships. He manages
BTEC’s quality system and teaches university courses focused on biomanufacturing careers and quality/
regulatory affairs. He's also the lead Principal Investigator for establishing the NIIMBL SPIDER Network
for automation training. Prior to joining BTEC in 2006, he worked for Eastman Kodak, Johnson &
Johnson, and Wyeth, where he managed GMP production units that manufactured clinical diagnostic
products and vaccines. He received a B.S. in microbiology and a B.S.E. in chemical engineering from the
University of Michigan, Ann Arbor. He obtained an MBA degree while attending SUNY at Buffalo’s evening
program. He earned his Certified Pharmaceutical Industry Professional (CPIP) credentials in 2013.

Talk Title: NIIMBL SPIDER Network: Accelerating Tomorrow’s Innovations Today

Abstract: A project to design and implement automated bioprocess test beds at three universities was recently funded by the National
Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL). Each test bed will consist of state-of-the-art and novel Sensors
and software for Process control, Integration, Data analysis, process Evolution, and Reporting. The assets in the SPIDER Network will
initially be utilized for hands-on training in digital biomanufacturing, process analytics, and data-based continuous improvement. Armed
with new knowledge, scientists and engineers will be more prepared to develop dynamic batch processes that compensate for variability
of inputs, continuous processes, and real-time release protocols. Future plans include growing the network to increase its reach and
developing advanced training programs. Additionally, the systems will be available to development teams working to commercialize new
process analyzers, software, data models, and production processes.
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T6: JOHN CHAMPAGNE

Job Title: Senior Applications Scientist & Northeast Regional Manager
Company: WYATT

Biography: John Champagne, Senior Applications Scientist and Northeast Regional Manager for Wyatt
Technology, graduated from the Physical Biochemistry Department at the University of New Hampshire,
under the advisory of Professor Thomas Laue. John’s Ph.D. work was to explore the unique self-
association properties of IgG antibodies by measuring first principle properties. Since joining Wyatt, John
has provided a range of analytical support with expertise in the use of multi-angle static and dynamic
light scattering, field flow fractionation, analytical ultracentrifugation, circular dichroism spectroscopy,
UV-Vis spectroscopy, fluorescence spectroscopy and calorimetry.

: .?.E. . Talk Title: Real-time molecular weight measurement for process monitoring and control

Abstract: Downstream purification processes are often developed through laborious collection and off-
line analysis of fractions, and require precisely maintaining the conditions of the original runs. An online system for analysis of product
purity which monitors molecular weight could not only identify process drift, but actually control optimal fraction pooling, regardless of
deviation from the original conditions.

Methodology: The Real-Time Molecular Weight (RTMW) system utilizes multi-angle light scattering (MALS) in line with a HIC, IEX or
SEC polishing step. In the first model system presented, RTMW was configured to monitor and identify aggregate breakthrough in flow-
through HIC run on a lab-scale FPLC. Triggers to begin and end fraction collection according to the measured RTMW were sent to the
FPLC system. MALS data were collected and analyzed post-process as well.

In the second model system RTMW was applied in a similar manner to a continuous ion exchange process, non-stop over 3 days.

Results: Both online and post-processed data indicated that RTMW control maintained average molecular weight to within 1% of nominal
over short runs and 1.3% over time scales of days. This corresponds to dimer concentrations of 0.5 — 0.7%, with reaction times of
seconds.
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Conclusion: RTMW is a highly promising technology for process analytical use. It is the first non-destructive PAT tool that determines
an antibody product quality attribute in real time, offering the possibility not just of monitoring and enhanced control but also real time
release.
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T7: JONGYOON HAN

Job Title: Professor
Company: Massachusetts Institute of Technology

Biography: Dr. Jongyoon Han is currently a professor in the Department of Electrical Engineering and
Computer Science and the Department of Biological Engineering, Massachusetts Institute of Technology.
He received B.S.(1992) and M.S.(1994) degree in physics from Seoul National University, Seoul, Korea,
and Ph.D. degree in applied physics from Cornell University in 2001. He was a research scientist in
Sandia National Laboratories (Livermore, CA), until he joined the MIT faculty in 2002. He received NSF
CAREER award (2003) and Analytical Chemistry Young Innovator Award (ACS, 2009). His research is
mainly focused on applying micro/nanofabrication techniques to a very diverse set of fields and industries,
including biosensing, desalination / water purification, biomanufacturing, dentistry, and neuroscience.

Talk Title: Micro-Nanofluidics Technology for Biomanufacturing and Cell Therapy

Abstract: The field of microfluidics, emerging around mid-1990s, has initially been motivated by analytical chemistry and medical
diagnostics applications, focusing mostly on small-scale device implementations. After almost two decades of activity, the field is maturing
now, generating diverse new applications. In this presentation, | will showcase some of the industrial applications of micro-nanofluidics,
which are often requiring ‘macro’ scale flow throughput (>> 1 L/min) that goes way beyond the traditional ‘microfluidic’ flow rate.

Biomanufacturing of therapeutic proteins and cells require large scale perfusion cell culture (upstream processing), efficient separation
of target products (downstream processing), and real time safety / efficacy validation (quality analytics). Ideas from microfluidics can be
employed in all these aspects of biomanufacturing, to significantly enhance the overall productivity, as well as the efficacy and safety
of the final products. For example, microfluidic cell sorting can be utilized for advanced cell retention system for perfusion bioreactor,
as well as cell product purification system for better cell therapy efficacy. Continuous-flow nanofluidic protein analysis can provide real-
time, multi-variate product quality monitoring, which can enable feed-back controlled bioreactor engineering and point-of-care biologics
analytics.

In the future, it is expected to see more examples of new applications of microfluidics, especially for high-volume fluid processing.
Massive parallelization of microfluidic devices will enable researcher to innovate in many new industries.

T8: KELVIN LEE

Job Title: NIIMBL Institute Director
Gompany: University of Delaware

Biography: Kelvin H. Lee is Director of the Manufacturing USA National Institute for Innovation in
Manufacturing Biopharmaceuticals (NIIMBL) and he is the Gore Professor of Chemical and Biomolecular
Engineering at the University of Delaware. He previously served as Director of the Delaware Biotechnology
Institute. He received a BSE in Chemical Engineering from Princeton and PhD in Chemical Engineering
from Caltech. He spent several years in the Biotechnology Institute at the ETH in Zurich, Switzerland and
also completed a postdoc in Caltech’s Biology Division. Prior to his current appointment, he was on the
faculty at Cornell University where he held the titles of: Samuel C. and Nancy M. Fleming Chair Professor,
Professor in the School of Chemical and Biomolecular Engineering, Director of the Cornell Institute for
Biotechnology, and Director of the New York State Center for Life Science Enterprise.

Talk Title: An update from NIIMBL
Abstract: In this presentation he will share the NIIMBL vision and mission as well as discuss highlights from NIIMBL's first year.




// -~ PRESENTERS

T9: RENE GANTIER

Job Title: R&D Director at Pall Life Sciences
Company: Pall Life Sciences

Biography: Rene Gantier is R&D Director for Biopharm Applications with Pall Life Sciences. He has
over 12 years experience in the development of protein purification processes. Rene received his PhD in
Biochemistry from University of Rouen, France, in 2000. His doctoral research was in the field of structural
biology and specifically protein structure/function relationship. He started his career in the biotechnology
industry in 2001, developing next generation therapeutic cytokines with improved pharmacokinetics
properties. In 2004, Rene joined Pall Life Sciences as a bio-purification specialist, providing technical
advises to customers for purification process development. He then moved to the R&D department in
i _ 2008 to join the chromatography group in Cergy, France. He is now based in the greater Boston area
A WIS where he leads the Biopharm Applications R&D group.

Talk Title: Next generation biotech processes and technologies for emerging therapeutic modalities

Abstract: The revolution from monoclonal antibodies and other therapeutic modalities like gene and cell therapy is happening in the
biopharmaceutical industry. Going towards highly efficient and personalized medicine, the industry will face the hurdle of manufacturing at
demanded scale and cost. Next generation processes are required to address these issues. The promise of increased process productivity,
improved process economics, reduced facility footprint and bio-manufacturing flexibility is achievable by transitioning from batch to
continuous bioprocessing. Enabling technologies recently developed by technology providers have demonstrated that the dreamt fully
automated, closed, integrated end-to-end continuous bioprocess consistently delivering high product quality is at hand.

This presentation will update on the developments of process equipment (e.g. next generation cell retention devices, multi-column
chromatography, single-pass tangential flow filtration), and analytical techniques (e.g. multi-attribute-measurement mass spectrometry)
enabling this transition from batch to continuous bioprocessing, and therefore securing the implementation of the next generation
therapeutic treatments.

T10: CHRIS GARVIN

Job Title: Lead of Predictive Monitoring & Control
Company: Amgen

Biography: Chris Garvin leads the Predictive Monitoring & Control team within Amgen’s Digital Integration
and Predictive Technologies group, with responsibility for the company’s global real-time multivariate
monitoring platform and several other data systems. He previously worked in Amgen’s Supply Chain
organization and in Manufacturing Sciences at Biogen. Chris has a bachelor’s degree from Williams
College, and master’s degrees from Cornell University and MIT, where he was part of the Leaders for
Global Operations program.

Talk Title: Creating and operationalizing a pipeline of impactful digital assets

Abstract: At Amgen, we have uniquely structured a team that oversees data systems, mechanistic
and statistical modeling, and advanced technology evaluation, with expertise in quality systems and a strong network across our global
manufacturing footprint. This talk will center on how the team creates and assesses a diverse portfolio of digital manufacturing solutions
and prepares them for deployment across the broader organization. Examples spanning the entire value chain, from raw materials through
drug substance and drug product manufacturing will be given. A particular emphasis will be placed on the challenges and learnings we
have had in operationalizing these digital assets.
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SESSION Il

Cell Therapy Bioprocessing-Challenges and Advances

SESSION CHAIR:
Emmanuel Tzanalakis, Associate Professor, Tufts University

T11: GREGORY TEW

Job Title: Professor
Company: University of Massachusetts Amherst

Biography: Professor in the Polymer Science and Engineering Department at the University of
Massachusetts, Amherst since 2001, received his B.S. in Chemistry from North Carolina State University
in 1995 performing undergraduate research with Prof. D. A. Shultz and interning at Burroughs-Wellcome
Pharmaceutical. In 2000, he earned his Ph.D. from the University of lllinois-Urbana studying with Prof.
Samuel Stupp in Materials Science and Engineering. He spent one year as a postdoctoral fellow in William
DeGrado’s laboratory at the University of Pennsylvania Medical School.  Greg received every young
investigator award offered by the Federal Government including the Presidential Early Career Award for
Scientists and Engineers (PECASE) which is the highest honor recognized by Federal Funding Agencies
for young faculty and presented by the White House. More recently he was elected as a member of the
Defense Science Study Group, founding member of the ACS Polymer Chemistry Division Fellows program, as well as AIMBE and ACS
Fellow. He has served as Chair of the Board of the ACS Division of Polymer Chemistry. He has published over 150 peer-reviewed papers
and is widely recognized as a leader in the polymer chemistry community. He serves on the SAB for PCCL, Polymer Competence Center
Leoben, Austria. Greg remains interested in technology transfer and entrepreneurial activities. He was a scientific and original co-founder
of PolyMedix; a clinical-stage biotechnology company which raised over $150M including a new class of antibiotics. He and colleagues
are currently working to establish Intrata as a first in class biologics transport company. His current research interests include bioinspired
and biomimetic macromolecules, molecular self-organization, nano-medicine, and materials-immunology.

Talk Title: Intracellular Antibody Delivery: Ex vivo cell therapy and beyond

Abstract: Our primary research aim is to create new materials using a combination of principles, many of which are inspired by
biology. The combination of unique molecular scaffolds and guanidinium-rich side chains has produced an array of polymers with
robust transduction (and delivery) activity. We will discuss our newest results in which we have successfully mimicked the biological
activity of protein transduction domains (PTDs), like HIV-TAT. We will discuss a detailed structure-activity relationship of a new PTD
family of polymers and demonstrate their delivery of cargo into human primary T cells. Successfully delivered cargoes include siRNA,
whole proteins, and full-size antibodies. Intracellular antibody delivery allowed the generation of a super suppressor regulatory T cell
population with outstanding performance in a human model of Graft vs. Host Disease. The implications of these results for a wide range
of autoimmune diseases are exciting.
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T12: TIFFANY HOOD

Job Title: Head of Cell Therapy Bioprocessing
CGompany: MilliporeSigma

Biography: Tiffany Hood heads cell therapy process development within the Gene Editing and Novel
Modalities group at MilliporeSigma. With a background in engineering, she currently oversees group
efforts to advance cell therapy manufacturing strategies that allow for commercial readiness. Tiffany
provides deep-expertise in stirred-tank bioreactor systems and downstream processing for cell therapies.
She has also worked closely with external collaborators to optimize bioreactor processes for a variety
of therapy-relevant cell lines. Tiffany earned her degree in Biological Engineering from Massachusetts
Institute of Technology (MIT).

Talk Title: Process Development for Increased MSC Production in Stirred Tank Bioreactors.

Abstract: Industry trends in regenerative medicine highlight a critical need for closed cell culture systems that support scalable
manufacturing of adherent cell therapies. Typical static in vitro culture methods, however, are often too cumbersome and inefficient
to support commercial scale production of mesenchymal stem/stromal cells (MSCs). Single-use stirred tank bioreactor systems are a
platform that can address this limitation and have been proven effective for microcarrier-based production of adherent cell therapies.
Implementation of optimized bioreactor seeding and process control strategies for parameters, such as dissolved oxygen (DO) and
agitation rate, are key to making an efficient transition from planar culture to stirred tank bioreactors. Herein, case studies illustrating
a stepwise approach to process development for MSC expansion in a single-use bioreactor are presented. In the first case study, the
impact of different gassing methods on DO control and cell growth are examined. The second case study demonstrates the application
of Zwietering’s equation for suspension of solids to overcome scaling challenges often associated with microcarrier culture in stirred
tanks. The third case study reviews strategies to further improve the seeding process for bioreactor culture. Identifying optimal seeding
and process control strategies for microcarrier-based bioreactor expansion of adherent cells is paramount for the development of robust
cell therapy manufacturing platforms.
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T13: EMMANUEL TZANAKAKIS

Job Title: Associate Professor
Company: Tufts University

Biography: Dr. Emmanuel (Manolis) Tzanakakis is an Associate Professor of Chemical and Biological
Engineering at Tufts University. He is also a faculty member at the Clinical and Translational Science
Institute of the Tufts Medical Center. Professor Tzanakakis earned his PhD in Chemical Engineering
from the University of Minnesota (UMN) and received post-doctoral training at the UMN Stem Cell
Institute. He continued as a post-doctoral fellow in the Diabetes Center at the University of California-

A ) San Francisco. Research in the Tzanakakis group focuses on stem cell engineering and bioprocessing,

/ , with emphasis on the development of cellular therapies for diabetes. The laboratory also works on
\l“ / / / optogenetic approaches for engineering pancreatic tissue equivalents and has a long-standing interest in
i "/ the expression and function of regenerating (Reg) proteins in normal and disease states of the pancreas.
Professor Tzanakakis has co-authored over fifty-five peer-reviewed articles and book chapters and has supervised more than 25 MS and
PhD graduate students and postdoctoral fellows. He is the recipient of the James D. Watson Investigator Award and of fellowships from
the National Institutes of Health and the Juvenile Diabetes Research Foundation. His research has been funded by the National Science
Foundation, National Institutes of Health, New York State Stem Cell Science agency and the US Department of Defense.

Talk Title: Stem cell-derived products: From cultivation modalities to population based-models

Abstract: Bioprocess engineering for the generation of cellular therapeutics from human stem cells can benefit from better understanding
of process and product characteristics. While the list of involved tasks is extensive we will focus here on three core aspects. First,
different cultivation modes are available for stem cell expansion and directed differentiation. Stirred suspension bioreactors, which are
commonly used for high-density culture of cells for vaccine or protein production, permit the propagation of stem cells as aggregates, on
microcarriers or after encapsulation affording process design flexibility. Selection of the culture modality is largely dictated by attributes
of the differentiation strategy and the final cell type(s) under consideration. Second, cell growth in these systems is intimately influenced
by the formulation of media and surfaces contributing to the culture environment. The development is increasingly coming to fruition of
chemically defined, xeno-free media and substrates conforming to current good manufacturing practices (cGMP) for stem cell cultivation
and directed differentiation along specific trajectories. The increasing reliance on small molecules to replace growth factors and cytokines
has the benefits of reduced cost and increased medium stability. Third, stem cell bioprocess engineering will gain significantly from
multiscale mathematical models capturing the heterogeneity of stem/progenitor cell ensembles. Population-based models with multiple
process variables as inputs quantified via process analytical technology can be used to map and control process (e.g. differentiation
strength) or product elements (e.g. cell phenotype or function) within a given design space. These models can be combined with omics
data to gain insight into cell/process environment interactions and guide optimization efforts. Despite the significant progress noted in the
areas discussed here, integration of approaches from a broad range of disciplines will be essential for the realization of robust, economical
processes for stem cell-based product manufacturing.
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T14: TODD PRZYBYCIEN AND JAMES SCHNEIDER

Job Title: Professor
Company: Carnegie-Mellon University

Biography: Professor James Schneider received his B.S. in Chemical Engineering from the University

of Wisconsin in 1992 and his Ph.D from the University of Minnesota in 1998. He then spent two years
in a postdoc position at the Naval Research Laboratory before joining the Department of Chemical
Engineering at Carnegie Mellon University in 1999. Prof. Schneider holds courtesy appointments in the
Department of Biomedical Engineering and the Department of Chemistry at CMU.

Professor Todd Przybycien received a BS in Chemical Engineering and a AB in Chemistry from Washington
University in St. Louis in 1984. He attended California Institute of Technology for graduate education,
receiving MS and PhD degrees in Chemical Engineering in 1987 and 1989. Prof. Przybycien worked for
two years at Monsanto Agricultural Company as a Senior Research Engineer before joining Rensselaer
Polytechnic Institute as an Assistant Professor in 1991. He came to Chemical Engineering at Carnegie Mellon in 1996 and served as
the (founding) Head of BioMedical Engineering from 2002-2008. Professor Przybycien currently holds a joint appointment in Biomedical
Engineering and in Chemical Engineering.

Talk Title: Adventitious agent detection in continuous cell culture — What can we learn from sensing in biomedical and biowarfare
applications?

Abstract: The need for rapid release and “fail-fast” adventitious agent testing (AAT) for high-value continuous cell culture bioprocesses
has motivated industrial and academic scientists to develop next generation methods to monitor rapidly, and with high accuracy, bioprocess
streams for trace levels of bacterial and viral contamination. Generally, this is achieved using gPCR, microarray, plaque, and cytopathic
effect (CPE) assays which vary widely in sensitivity, specificity and timescale. AAT presents challenges similar to those presented in
biowarfare agent detection and medical diagnostics, including the need to detect trace levels of large panels of biomarkers in complex
mixtures, with vast amounts of competing genetic material, in a short time horizon. Here we will review recent developments in biosensing
that we believe could be applied to the challenge of rapid, confident AAT detection and offer perspectives on the role of rapid “fail-fast”
assessments of AAT as complements to slower but more comprehensive CPE assays in bioprocess monitoring and rapid release.
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T15: JOHN SCHIEL

Job Title: Research Chemist
Company: Institute of Bioscience and Biotechnology Research, NIST

Biography: Dr. Schiel received his BS (2004) and Ph.D. (2009) in chemistry from the University of
Nebraska-Lincoln, and is currently a research chemist in the NIST Biomolecular Measurement Division.
Dr. Schiel coordinates the NISTmAD project and leads an analytical research team developing innovative
approaches toward production/characterization of next generation biotherapeutics. He is an author
of over 30 publications, an editor of three books, and recipient of numerous Awards including the
Department of Commerce Gold Medal.

Talk Title: The NISTmAD and Related Biopharmaceutical Resources

Abstract: The NIST Biomanufacturing Program develops measurement science, standards, reference
data and tools to support the development, manufacturing, and regulatory approval of biologic medicines. The initial phase has been
geared toward improving comprehensive analysis of monoclonal antibody therapeutics. Lifecycle appropriate application of current and
emerging techniques requires rigorous testing followed by discussion between industry and regulators, an effort facilitated by widely
available test metrics. Biopharmaceutical quality materials, however, are often difficult to access and/or are protected by intellectual
property rights. The NISTmAD IgG1k is a NIST Reference Material (RM 8671) intended to fill that void. The NISTmAb embodies the quality
and characteristics of a biopharmaceutical product, is widely available to the biopharmaceutical community, and is an open innovation tool
for development and dissemination of results. Key topics to be discussed include implementation of the NISTmAD in biopharmaceutical
development, multi-attribute testing, and related research targeted at facilitating characterization and approval through pre-competitive
material standards. The NIST program is stakeholder driven, and we welcome this opportunity to gain insight into how NIST resources
can be leveraged to facilitate development of emerging modalities in a similar manner.
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T16: DHINAKAR KOMPALA

Job Title: CEO
Company: Sudhin Biopharma

Biography: Dhinakar Kompala obtained his B. Tech. in Chemical Engineering from Indian Institute
of Technology, Madras, India in 1979 and his M.S. and Ph.D. in Chemical Engineering from Purdue
University, USA in 1982 and 1984 respectively. He served on the faculty of the Department of Chemical
and Biological Engineering at the University of Colorado, Boulder since 1985. He was a recipient of
Presidential Young Investigator award from National Science Foundation in 1988.

Dhinakar’s research expertise is in bioprocess engineering, recombinant mammalian and microbial
cell cultures, bioreactor design and operating strategies, metabolic engineering, and modeling of
biological growth and production processes. He trained over 30 graduate and postdoctoral researchers,
most of whom have joined the biotechnology industry. He served on editorial boards of the Journal of
Biotechnology, International Journal of Biological Sciences and as Section Editor of BMC Biotechnology.

Dhinakar was co-founder of a biotech startup company, Richcore Lifesciences Private Limited, in Bangalore, India in July 2008. He served
as the Chief Scientific Officer, Director of R&D, and on the Board of Directors of this growing company until November 2012. Taking a
phased early retirement from the University of Colorado in May 2014, Dhinakar is now devoting full time to his new biotech startup, Sudhin
Biopharma Company in Superior, CO and its subsidiary R&D operations at Sudhin Biotech Private Limited in Chennai, India.

Talk Title: Single use disposable cell settler for clarification of cell culture harvest, selective retention of live cells, and affinity capture of
antibodies

Abstract: We have redesigned the successful “inclined settler” technology used as a selective cell retention device in mammalian cell
perfusion bioreactor cultures into a more compact and easily scalable design using cylindrical and conical geometries. Through this novel
settler design, we have achieved 6 — 10 x more settling area for the same footprint, compared to the traditional multi-plate or lamellar
rectilinear scale up design. Using this compact settler design, we have demonstrated significant clarification of the smaller yeast Pichia
pastoris cells in continuous harvest or settler effluent stream and high cell densities (700 — 1000 0.D.) in perfusion bioreactors operated
over several months.

We have now fabricated this compact settler as a single use disposable plastic settler at 6 inch diameter scale and are planning to
fabricate it in two larger sizes: 12" diameter and 24” diameter over the next six to twelve months. Recent experimental data with
this compact settler as the selective cell retention device for achieving high cell densities in mammalian perfusion bioreactor cultures
(operated for over a month of culture) will be presented. Our industrial collaborators are testing this device as a single use disposable
device for clarification of cell culture broth from fed-batch bioreactor, for potential replacement of centrifuge for this operation.

Another exciting application of this compact plastic settler is the affinity capture of antibodies from cell culture broth directly onto protein
A beads suspended inside the settler, while the cells and unbound host cell proteins are easily washed away in the settler top effluent,
followed by elution, cleaning and regeneration steps on the beads suspended inside the settler. This integrated bioprocessing application
can potentially replace the current unit operations of centrifugation, depth filtration and affinity column chromatography. Reproducible
data from the preliminary experiments on this novel bioprocess application will also be presented.
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T17: ALESSANDRO MORA

Job Title: Senior Scientist
Company: Jounce Biotherapeutics

Biography: Alessandro Mora is responsible for the cell line and cell culture development group, part of
the CMC department at Jounce therapeutics, a biotech company focused on the development of immuno-
oncology therapies. Prior to Jounce, Alessandro worked at AbbVie Bioresearch Center, where he held
multiple positions in the Process Sciences department. Alessandro received his Ph.D. in biomedical
engineering from University of Massachusetts, Lowell and his M.Sc. in Biotechnology from Sapienza,
university of Rome, ltaly.

Talk Title: Improving the workstream across different functional areas in an immuno-oncology focused
biotech by establishing Cell Line Development capabilities.

Abstract: Timely generation of good quality CHO cell lines that can be seamlessly transferred to a CDMQ is of paramount importance durig
IND enabling activities for an immune-oncology candidate. In this talk, we describe how the establishment of CLD capabilities facilitated
the identification of drug candidate molecules by providing high quality material during the late stages of the molecule developability
assessment. The host cell line, vector configuration, medium and utilization of a scale-down model are instrumental in expediting
development timelines of Jounce’s pipeline candidates.
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T18: EMILY GONG

Job Title: Senior Scientist
Company: Physical Sciences Inc.

Biography: Emily is a Senior Scientist at Physical Sciences Inc. in the Applied Optics group. She is
working to develop application tools for the LyoFlux TDLAS water vapor mass flow rate sensor. Her
involvement in this R&D has required a thorough understanding of lyophilization processes including heat
and mass transfer models of freeze drying and freeze drying process development. She is also involved in
the development of biodecontamination systems for pharmaceutical fill/finish. Prior to joining PSI, Emily
received a B.S. in Chemical and Biomolecular Engineering from the Georgia Institute of Technology and
an M.S. in Chemical Engineering from Northeastern University. Her undergraduate and graduate research
focused on the development and application of microfluidic devices for biological systems including the
model organisms C. elegans and D. melanogaster as well as mammalian cell assays.

Talk Title: The Use of Tunable Diode Laser Absorption Spectroscopy (TDLAS) for Lyophilization Process Development and Scale-up

Abstract: Tunable Diode Laser Absorption Spectroscopy (TDLAS) has been applied as a process analytical technology to monitor
pharmaceutical lyophilization processes. The TDLAS sensor is used to measure the water vapor concentration and gas flow velocity in
a duct connecting the lyophilizer product drying chamber and the condenser during freeze-drying cycles. These measurements can be
combined to calculate the instantaneous water vapor mass flow rate (g/s) (the freeze-drying ice sublimation rate). The determination
of the sublimation rate is combined with a heat and mass transfer mathematical model of vial-based freeze-drying to non-intrusively
determine Key Process Parameters (KPPs) during freeze dying including the product temperature at the ice sublimation interface, a
critical parameter affecting product quality. Physical Sciences Inc., in collaboration with the freeze drying manufacturer SP Scientific,
has used the TDLAS sensor data and an expert algorithm to develop a TDLAS SMART Freeze Dryer technology which enables the
development of a freeze drying cycle within a single experiment. In addition, the TDLAS sensor in combination with the heat and mass
transfer model can be used to efficiently develop detailed freeze drying process knowledge and design spaces to provide a thorough
understanding of the lyophilization process and enable prediction of the product temperature throughout the primary drying phase of the
cycle, even when a process upset occurs. This will enable the rapid assessment and disposition of high value added product, critical for
important new and expensive drug therapies.
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T19: MICHAEL PHILLIPS

Job Title: Director of Downstream Process Integration
CGompany: MilliporeSigma

Biography: Dr. Michael Phillips is currently the Director of the Next Generation BioProcessing team at
MilliporeSigma where he is responsible for identifying and developing innovative upstream, downstream,
and process analytical technologies that enable process intensification for mAb processing, including
integrated, connected, and continuous processing. Dr. Phillips has more than 27 years of experience
at MilliporeSigma developing new bioprocess technologies and applications. Dr. Phillips holds a PhD in
chemical engineering from Rensselaer Polytechnic Institute.

Talk Title: Next generation bioprocessing evolution to intensified mAb processing: enabling technologies,
gaps and digital integration

Abstract: Market forces, capacity constraints, and government policies have driven the biopharm industry to evaluate new technologies
in monoclonal antibody production with goals to maximize manufacturing flexibility and efficiency while minimizing risk and product cost.
Given limited resources, focus is needed on technologies which offer the highest return on investment based on ease-of-implementation,
regulatory acceptance, and COGs reduction. Truncated seed train operations and perfusion cell culture techniques drive significant
cost, risk-reduction, and efficiency benefits in upstream processing. Single use capture, flow-through polishing, and membrane
chromatography technologies offer improved productivity and reduced complexity over standard purification platforms. Software and
automation orchestrating the control of connected and continuous processes will, however, be the critical enabler moving biopharm from
discrete operations to industrialized production of antibody products.
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