A Role for Public-Private Partnerships in Advancing
Biopharmaceutical Manufacturing Innovation

Kelvin H. Lee

Professor of Chemical & Biomolecular Engineering, University of Delaware
Director, National Institute for Innovation in Manufacturing Biopharmaceuticals
KHL@udel.edu

Disclosures:

NIIMBL supported by awards 70NANB17H002 & 70NANB20H037 from U.S. Dept of Commerce, National Institute of Standards and Technology.
KHL also PI on awards from NSF, State of Delaware, a number of companies and nonprofits in, or related to, the biopharmaceutical industry.
KHL also a member of the FDA Pharmaceutical Science and Clinical Pharmacology Advisory Committee

@ @ @ ©2020 NIIMBL | For Authorized Use Only AMERICAN INNOVATION AT WORK NIQMBL



mailto:khl@udel.edu

on is to accelerate

ical manufacturing
tio pport the development of

ndarc at enable more efficient and

oid manufacturing capabilities, and
educate and train a world-leading
biopharmaceutical manufacturing
workforce, fundamentally advancing U.S.
competitiveness in this industry.

’ @ @ @ american INNovaTion AT work  NIYMBL




IMPACT

MEMBERS
Global “* Skilled workforce NATIONAL
@ competitiveness » Industry - FDA - NIH 7T, Growth of globally-competitive
P +» Academia  « MEPs - DOD : domestic industry
. States « Mils - BARDA @ Novel real-time N
3 Reduced offshoring « NIST «NGOs  « Trade organizations analytical technologies _ _
and outsourcing ‘ Regional economic
development
FOCUS AREAS
@ Workforce training Existing products M® ., |ntegrated iu] :
al'ld Education g P " continuous processing ‘ Secure, |nt.egrat8d
’ : B4 supply chain
_ mAbs, proteins, vaccines
Ig Ei?)rr?]?r: ILllcfacturin # ; @ AcCEss o new and
9 ¥ Y ADGs, bispecifics, virus-like # Automation improved medicines
particles
@ Reduced
medical costs Reference standards INDUSTRY
. and protocols
Emerging products : :
i gene and cell therapies ﬂ LD
ﬁ Pretcj|_s|_on Advanced process manufacturing
Medicines l-[: modeling and control :
De-risked
MANUFACTURING PROCESS THEMES manufacturing innovation
SEDETIE Drug Drug Process Process integration
Substance Product Control =l  andintensification @ Lower costs
Secure supply of >
O medicines/pandemic 3 Energy/water Accelerated development
readiness n 0 savings and approval

@ @ @ ©2020 NIIMBL | For Authorized Use Only

AMERICAN INNOVATION AT WORK NIQMBL




% MllllDDRE e MERCK ﬁep ?un}l?FI:' @ AstraZeneca SARTRIUS
fﬁ* «‘s"\ﬁ%’\x 2 e
5 "'; .

~8  MASSACHUSETTS BILL¢
&5 Bristol-Myers Squibb AmN EEF‘QEND ggé

LIFE SCIENCES CENTER MELINDA
——— S DXODDO] PHARMACEUTICAL COMPANIES
N GATES janssen , s i 7
Sudhlnm % 'i - foundation akm

Biopharma Co. o LU aC te Physical = ' — AccuGenomlcs
CHRrROM ATAN I I I y I%:[ Sclyences FE \f i, % STANDARDIZFT) MOLECULAR DIAGNOSTICS m
Yo vene < Intabio “Rzromechsys (STX)ASIMOV o ocierpio g -

Inuesrmg in the State of Innovation

@ RedbudLabs Lmt:lyr Biosciences M 0 MOCKY s \mLED I“DEVR e
ADVANCED MICROFLUIDIC TECHNOLOGIES "3 e e e e : P OMmac
JENALI P SOLUTIONS AKRON e ’ : é?nny ) REPLIGEN Biosensors CompassRed
oteins

a S Isolere Bio S
ILC DOVER ; W p: uscom ' lab extrave
@ creating what's nexth @ g BIO XC E |_ |_ E R AT E SG MACR(}GENICS MVIS F‘VER[CEL OWI:“”T“.;’;SM @
f! AAUJ%’NE‘%EED SYETEBJ';'%? P pnorem METR\CS SUTRDO S a.r.k g A E@ﬂ @] APPLIED A 2.<908device5

BEIOPHARM A MATERIALS » ©) WHIRLCELL 4 APPLIED CONTROL

@V{nlhc astern University M[SSOIJRI THERAFEUTICS B AI& - vy w ...
O Z Penni e e I
CLEMSON UNIVERSITY of MARYLAND ;lhefferson I PTE D @ Tulane 2 )
&‘ "l BALTIMORE .

Go bagreat.

. . New Jersey .
UNTVERSTTY (arnegie Mellon University e —— | I|> |CW Ul’]lVCI‘S]Iy PennState Innovation Institute
P - Geo_lggﬁ (L;azﬁﬁ An NJIT Corporation

URDUE URIVE R sty oF I Hm m:ts:::eh:?eﬂs SITYOF N c sTATE P bt SeTREr=Een % Fraun hofel‘ @ Memorial Sloan Kettering
—U NIVERSITY @/ I I Technology EIAWARE JOHNb HOPK[NS ng Re]'lSSelaer U N |V E R S |TY ( - Cancer Center. Jy De!awa_restate
UNIvERSTTY ~ i T Norrw UI]!VEI‘SIW
AROLINA kg o avk o B o

1 CENTRAL

i UNIVERSITY 1 [LANOVA UNIVERSITY
.7 COLLEGE OF ENGINEERING

University of Colorado B[ J( ]\R’

A3 | THE UNIVORSITY UMASS. The University of Georg:
I ‘ l l ( : I sity of Georgia
% L]I :{ 2:§;:LL:5(IHNA @ MB b\)santa CIara SU NY FT\(IDSIII\'JI%EUCPEN]C - GUS MUS : = i *

center.

GUSTAVUS ADOLPHUS COLLEGE

University

ALBANY COLLEGE OF PHA

DEIAWARE = AND HEALTH SCIENGES Boulder NevaCell g:r:jr.k:o:rmmzznwa
EE%JYRIS]?_‘,T% FOl‘S\/thTecn TECHNICAL 4g9 COMMUNITY gf“cgfﬂﬁ B.O,I,"U,'rﬂc—db'r._q 3%{3’5;%5’555 MONTGOMERY NCME _/ Gaston College 7 % i i T tlllty b
COLLEGE SOLANO B e COLLEGE B e lonwlumncsroturc i MOUBIO < o

/ the north carolina

Missauri Biotec / biosciences organization

(1) North Carolina LIFE SCIENCE v- Vance-Granyille D A
BIOKANSAS {_.) KGI iy 1 Pioechlech Gontr Vet Communty Collese MASS MEP pyrnam Delaware

IAAE g NjMEP BRUNSWICK

é gﬂ Center fi
®WCELLU LAR THERAPIES®

e 2 e, R COMMUNITY COLLEGE
g~ TECH STANDARDS “
Shorefine DEM=P: s QUINCY m CAPE-FEAR ‘ ( comtmmrine d Vi, = ] Aomance
—_ - COLLEGEMONTGOMERY COMMUNITY N Vandacuros ook - fommunity College
Engage. Achieve COUNTY COMMUNITY COLLEGE COLLEGE a— - i ( CEC
[N ADVAN Gy Sy, IL COLLEGE
\ SKILLED KC o G o Fatre
" =y oy AL ASME
B CAROLINA
PAT H r ] C%gmgv SETTING THE STANDARD
)oiAOeMI2OIO E E I TN ﬂ?”.“é“.b

BioBAT SomoRTon Updated May 29, 2020

@ @ @ ©2020 NIIMBL | For Authorized Use Only AMERICAN INNOVATION AT WORK NIQMBL




At a February 2020 workshop, distinguished R&D
and supply chain technical leaders from 14 major
manufacturers & suppliers met and agreed.:

 Significant opportunity to impactfully transform CMC development & manufacturing
through E2E integration and technology advancement.

 Collaboration in consortium will significantly accelerate transformation
* Success enabled by expertise, leadership & capability of committed industry leaders

* We will advocate for our companies to participate

e High level goals/strategy agreed: priorities/details to be refined after participants
identified
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Vision: By 2029 invent, design, build and commercialize drug
substance and product manufacturing capability enabling:

« Flexibility to supply extremely diverse and changing portfolio of products in the face of
uncertainty and changing demand

* Improved Control, Robustness and Security of Supply
» Faster Product Development and Supply Chain Velocity
e Sustainable plastic and energy use

o Capital & Operating Cost dramatically reduced
— No longer barrier to availability of capacity, innovation or change

DS & DP expertise and thinking integrated vial to vial
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High Program Level Strategy
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NIIMBL Active Listening Meeting

Overview

* NIIMBL piloted a new type of conversation between the regulated industry and FDA, while
reducing risk of participation by both groups

* We sought to better understand the reasons behind the challenges in implementing new
technologies in biopharmaceutical manufacturing

 Participants were asked to consider the following question as prework ...

NIIMBL-facilitated Active Listening Meeting between industry and FDA identifies common

challenges for adoption of new biopharmaceutical manufacturing technologies
Mantle and Lee
PDA Journal of Pharmaceutical Science and Technology May 2020
DOI: https://doi.org/10.5731/pdajpst.2019.011049
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NIIMBL Active Listening Meeting

Overview

There are significant challenges in implementing new technologies in manufacturing. With respect
to the regulatory landscape, what changes would you like to see implemented that would enable
your company to deploy innovative technology for manufacturing or continuous improvement?

Guiding questions:

What is not working well today? Process, tools, and/or technology?

What do you need that you don’t have?

Is there sufficient awareness at all critical points within your organization about these challenges?
Is there any disconnect between what is perceived as the hurdle and the actual impediments?
What competencies, skills, experiences, and knowledge exist in staff/managers/suppliers?

What are the written or unwritten “rules™?

How much of a concern are post-approval changes?
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NIIMBL Active Listening Process Overview

Interview Question: There are significant challenges in implementing new technologies in manufacturing. With respect to the
regulatory landscape, what changes would you like to see implemented that would enable your company to deploy innovative
technology for manufacturing or continuous improvement?

Company Interviews Written Document
January — February 2019 March — April 2019
11 Companies NIIMBL anonymized & compiled

Amgen, AstraZeneca, BMS, Celgene, feedback
Genentech, GSK, Janssen, Merck,
MilliporeSigma/EMD Serono, Novartis, Identified 8 consensus areas
and Pfizer
[Section 2.2.]

Regulatory Affairs, CMC, and/or
Process Development groups were
represented

[Section 2]

NOTE: The scope of the meeting was limited to topics of relevance to the Center for Drug Evaluation and

Research (CDER) at the FDA (i.e. specifically, biotechnology products).
Mantle and Lee.
PDA Journal of Pharmaceutical Science and Technology May 2020
DOI: https://doi.org/10.5731/pdajpst.2019.011049
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Consensus Areas ldentified in Company Interviews

CONSENSUS AREA #
Interaction between industry and the FDA 11 i
Transparency 10 General Reflections
Collaboration | | 10  The industry has had a broad spectrum
Early interaction and the Emerging Technologies Team 9 i : : :
Case Studies 9 of experiences and perspectives in their
Changes to approved manufacturing processes 11 Interactions with FDA CDER
Approaches to comparability 10
Post approval changes 10
Operating in a global regulatory environment 11 e Under the current system, there is rarely

Consistency across the FDA
Between individuals (reviewers or inspectors)
Between leadership/policy and reviewers/inspectors
Guidance documents
ICHQ12
Manufacturing process development
Specification setting
Using prior knowledge in regulatory filings
Additional regulatory pathways/tools
Education and training

a business case for implementing new
manufacturing technologies. While new
technologies may offer some process
Improvements, those are weighed
against business risks associated with
speed to market.

Mantle and Lee.
PDA Journal of Pharmaceutical Science and Technology May 2020
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DOI: https://doi.org/10.5731/pdajpst.2019.011049
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NIIMBL Active Listening Process Overview

Interview Question: There are significant challenges in implementing new technologies in manufacturing. With respect to the
regulatory landscape, what changes would you like to see implemented that would enable your company to deploy innovative
technology for manufacturing or continuous improvement?

Company Interviews Written Document
January — February 2019 March — April 2019
11 Companies NIIMBL anonymized & compiled

Amgen, AstraZeneca, BMS, Celgene, feedback

Genentech, GSK, Janssen, Merck,

MilliporeSigma/EMD Serono, Novartis, Identified 8 consensus areas
and Pfizer

[Section 2.2.]
Regulatory Affairs, CMC, and/or
Process Development groups were
represented

[Section 2]

Active Listening Meeting Outputs
May 23, 2019 Jun — Jul 2019
Morning: Prioritization of consensus NIIMBL synthesized the survey
areas for afternoon discussion; responses and the discussion into a
attended by industry representatives whitepaper
and NIIMBL staff.
[Section 3.1] FDA staff took issues back for internal
discussions
Afternoon: Readout of briefing at FDA (No expectation of formal response)

and discussion; attended by industry
representatives, FDA staff, NIST staff,
and NIIMBL staff.

[Section 3.2]

NOTE: The scope of the meeting was limited to topics of relevance to the Center for Drug Evaluation and
Research (CDER) at the FDA (i.e. specifically, biotechnology products).
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How does your current company
view and approach interactions with
the FDA, on a spectrum from
conservative to progressive?

(14 Responses)

How do you, based on your
individual experiences, view and
approach interactions with the FDA,
on a spectrum from conservative to
progressive?

(16 Responses)

Number of Responses

Number of Responses

oSO R, N W b~ OO N 0O ©

6

o

IS

w

N

[=N

o

Morning Industry-only Session

Anonymous, real-time poll results

36% 36%

1 2 3 4 5
More More
Conservative Progressive
50%
1 2 3 4 5
More More
Conservative Progressive

@ @ @ ©2020 NIIMBL | For Authorized Use Only
N

Topic Prioritization for Afternoon
Discussion

* Interaction between industry and the FDA

« Changes to approved manufacturing
processes

« Consistency across the FDA

Mantle and Lee.
PDA Journal of Pharmaceutical Science and Technology May 2020
DOI: https://doi.org/10.5731/pdajpst.2019.011049
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Afternoon Readout & Discussion

Business Case for adoption of new technologies

» Discussion of the business case in early and late stage projects
» Considerations of the global regulatory environment

* Timeline is a key driver

Changes to approved manufacturing processes
* There was discussion around comparability protocol as a tool for post-approval process changes

Interaction between industry and the FDA

» Desire for more informal interactions with the FDA

* Relationship between specificity of a question and formality of response
e Case studies, collaboration, shared learnings

Consistency across the FDA
» Consistency of reviewer questions during information requests — context
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Summary from Advanced Manufacturing Technology Workshop held at 6th

Accelerating Biopharmaceutical Development Meeting in 2019
Lee and Mantle 2020, under revision (a different publication from Active Listening)

Imagine a future state for the industry that allows for manufacturing of biologics, vaccines, and/or
advanced therapies in a flexible-use facility and where diverse biopharmaceuticals could be
manufactured rapidly (e.g. in response to a public health threat, in an effort to be proactively
prepared to address dynamic needs, etc.). This vision could be realized through advances in end-to-
end continuous manufacturing, improved automation and robotics, innovations in host cells,
development of sensors to monitor and control processes, new/better/faster release tests, assays
and integrated technologies for monitoring quality attributes, approaches to faster changeover, and
other technological achievements.

What do you think are the top 10 technological barriers or bottlenecks that need to be
addressed to help realize this vision?
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Summary from Advanced Manufacturing Technology Workshop held at 6th

Accelerating Biopharmaceutical Development Meeting in 2019
Lee and Mantle 2020, under revision

Analytical Technology
Regulatory & Quality

Upstream Operations

Data, Analysis, Modeling
Manufacturing & Facilities
Process Monitoring and Control
Single Use, Disposables
Automation

Decision Making, Knowledge Management
Downstream Operations
Disease, Patient, Discovery
Workforce Development

Other

Formulation

Scaling

©2020 NIIMBL | For Authorized Use Only

m Need identified in pre-workshop
survey (100 total)

# Need identified at workshop as
missing from the list (41 total)

5 10 15 20 25 30
Number of Responses
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What are drivers for adoption of NEW technology?

economics supply need

s competition
quality improvement

enabling technology
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Lee and Mantle 2020, under revision
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Policy suggestions for consideration by the committee (1)

The CDER ETT provides a mechanism for companies to get early engagement with the Agency on
Issues related to innovative manufacturing technologies.

As with all matters, discussions between the Agency and sponsors is confidential.

Such confidentiality is important to protect intellectual property, but also works to slow the adoption
of new approaches by multiple organizations.

Would a policy that required some form of public dissemination of the types of technologies
and approaches being considered by the ETT (or outputs from discussions), help other
companies understand the which innovative approaches being considered by Agency staff?

Could such a practice, if done with understanding by all parties about what might be disclosed, help
accelerate adoption of approaches across the industry? Could it lead to improved submissions by
helping nucleate discussions around certain approaches and leading to collaborative activities for
demonstrating innovative manufacturing technologies?
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Policy suggestions for consideration by the committee (2)

Janet Woodcock, Michael Kopcha
Quality: The Often Overlooked Critical Element for Assuring Access to Safe and Effective Drugs
https://www.healthaffairs.org/do/10.1377/hblog20200311.912049/tull/

Incentives — A key missing ingredient

“The FDA's Drug Shortages Task Force’s October 2019 report, Drug Shortages: Root Causes
and Potential Solutions, identifies root causes of drug shortages and makes recommendations
for effectively resolving them. For one, there are few incentives in today’s manufacturing market
to support investment in advancing the technologies used in manufacturing. Furthermore,
payers are not equipped with the necessary information to reward a manufacturer by paying
more for a product made using a more mature quality management system that is less
susceptible to a shortage. In short, we need to recognize the higher value of drugs
manufactured using advanced technologies and mature gquality management systems.” ...
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Policy suggestions for consideration by the committee (3)

Frameworks that allow the FDA (CDER and other Centers) to interact ‘informally’ (not in the context of a
review) to discuss, learn, and engage in a dialogue regarding manufacturing innovations can help all
parties — ultimately benefiting patients.

Build trust between the Agency and the regulated industry

Create a mechanism to interact more deeply with suppliers and vendors
Establish mechanisms for Agency staff technical development

Lead to improved quality of submissions

We've experienced it within NIIMBL, but:
it takes time to bring stakeholders together
it isn’t easy for one type of stakeholder to understand the perspective of others
one must learn the vocabulary

— = o
/ o

N N ~—

( > (izo) (> ) ©2020NIIMBL | For Authorized Use Only AMERICAN INNOVATION AT WORK NlQMBL




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	At a February 2020 workshop, distinguished R&D�and supply chain technical leaders from 14 major manufacturers & suppliers met and agreed:
	Vision: By 2029 invent, design, build and commercialize drug substance and product manufacturing capability enabling:
	High Program Level Strategy 
	NIIMBL Active Listening Meeting
	NIIMBL Active Listening Meeting
	NIIMBL Active Listening Process Overview
	Consensus Areas Identified in Company Interviews 
	NIIMBL Active Listening Process Overview
	Morning Industry-only Session
	Afternoon Readout & Discussion
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20

