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Roadmap Update to

Achieving Large-Scale, Cost-Effective,
Reproducible Manufacturing of High-
Quality Cells

A/b‘o‘Ut’this Document

This roadmap update focuses primarily

on four areas that have been significantly
impacted by industry change since roadmap
publication: Process Automation and Data
Analytics, Supply Chain and Transport
Logistics, Standardization and Regulatory
Support, and Workforce Development.

Other roadmap activity areas—including

sections on developing and implementing
advanced technologies and techniques in Cell

Processing; Cell Preservation, Distribution,
and Handling; and Process Monitoring and
Quality Control—remain relevant and are
critical focus areas of NCMC efforts. Please
reference the full roadmap document for
activities in these areas.

2017 National Cell Manufacturing Consortium Roadmap Update 1

Standardization and
Regulatory Support

DEVELOP AND IMPLEMENT ADVANCED
TECHNOLOGIES AND TECHNIQUES

Cell Preservation,
Distribution, and Handling

Cell Processing

Screening and Selection
Methods

Culture Media Advances
Cell Expansion Equipment

Cell Expansion, Modification,
and Differentiation Methods

Separation Techniques

Storage Infrastructure
Product Tracking Systems

Advanced Cryopreservation
Technologies

Alternative Preservation
Technologies

Process Automation and Data Analytics

[\
Process Monitoring and Quality Control
Monitoring and Feedback

Control Technologies - Bioprocess Models

Cell Attribute Testing and
Measurement Technologies

STRENGTHEN THE INDUSTRY FOUNDATION

Workforce Development

Higher Education
Workforce Training

Cross-Industry
Collaboration

Standards and Regulatory
Convergence
Standardized Technologies
and Tools

Clinical Standards

Supply Chain and Transport Logistics
Supply Chain Modeling and Design
Supply Chain Standards
Product Tracking, Transport, and Administration
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MANUFACTURING OF HIGH-QUALITY CELLS

—t

*Activities related to Cell Processing; Cell Preservation, Distribution, and Handling; and Process Monitoring and
Quality Control are not discussed in this roadmap update document but remain areas of NCMC focus. Please see the
complete roadmap for activities in these areas.

National
(@ Cell Manufacturing
Consortium
An Evolving Cell Manufacturing
Industry Strategy

This roadmap update includes a refined strategy for achieving the cost-effective, large-scale,
reproducible manufacturing of high-quality cells in response to recent cell manufacturing
advances, the industry and clinical outlook, and emerging needs in the cell manufacturing
industry. Industry changes and growth have necessitated revisions to the following cell
manufacturing activity areas, which are the focus of this roadmap update:

Process Automation and Data Analytics — Big data analytics holds significant
promise to help identify critical quality attributes (CQA) and improve cell manufacturing
processes, leading to efficient closed-system automation of unit operations and eventually whole
bioprocesses. To realize these capabilities, the cell manufacturing community must improve
measurement tools and electronic systems for data collection, develop or adopt advanced tools
and systems for real-time data analytics, and collect more robust data from throughout the
manufacturing process—from cell harvesting to delivery—both from the cells themselves as well
as the process and the supply chain. Assessing cell function post-administration and the effect on
the disease model in humans is also critical for identifying CQAs.

Supply Chain and Transport Logistics — The quality, affordability, and availability of
cell-based products depends on the robustness of the cell manufacturing supply chain and the
reliability and speed of product transport. To optimize the cell manufacturing supply chain, the
cell manufacturing community should accelerate activities for advancing supply-chain-wide data
collection, cell tracking technologies, and supply chain modeling. Given the importance of the
supply chain and transport logistics to advancing cell manufacturing, this focus area was pulled
out into its own activity area in the updated roadmap.

Standardization and Regulatory Support — With increased NIST and FDA focus on
standards for cell-based products, and the launch of the International Standards Coordinating
Body (SCB) for Gene, Cell, and Regenerative Medicines and Cell-based Drug Discovery, the cell
manufacturing community should work to inform ongoing standards development activities
that will increase the consistency of industry terminology, data collection and management,

cell processing, and workforce training and certification. In particular, these regulatory entities
should work with professional societies, patient advocates, clinicians, and industry to establish
comprehensive, standardized clinical data registries to facilitate sharing of clinical outcomes and
cell characterization data that can further accelerate identification of CQAs and inform updates to
regulations and guidance.

Workforce Development — Given the rapid growth of cell manufacturing, it is becoming
even more critical for the cell manufacturing community to leverage and align existing higher
education and workforce training programs and to continuously assess and ensure that training
programs are focused on skillsets that industry needs most.

http://www.cellmanufacturingusa.org/sites/default/files/NCMC-Roadmap-Update_07-28-2017.pdf



Construction
supported by:

INDUSTRIAL | UK Research
STRATEGY | and Innovatio

European Union
European Regional
Development Fund

Press release: Construction completed
on expansion phase, doubling capacity
of Cell and Gene Therapy Catapult large
scale manufacturing centre in
Stevenage

Completion builds on the success of first six
clean rooms which have seen exceptional
demand. The manufacturing centre's additional
6 modules will continue to accelerate the
growth of the industry in the UK.

24.09.19
Manufacturing (/article-tags/manufacturing)

Today, the Cell and Gene Therapy Catapult (CGT Catapult)
celebrates the completion of six additional modules at its
manufacturing centre in Stevenage. The success of the
centre has seen the Cell and Gene Therapy Catapult
accelerate the planned build-out of the expansion phase
with an additional six clean rooms in the already
constructed space on the second floor of the building.
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Cell and Gene Therapy

The centre has been fully operational since April 2018 and
achieved MHRA licensure in August 2018. Depending on
the process,

autologous cell processes or a bioreactor process up to

manufacture. The first collaborators are expected to start
benefitting from this new space at the beginning of 2020.
;l >98f2 M J
Backed by over £75 million of funding, including
investment from the UK Government’s Industrial Strategy
Challenge Fund; the department of Business Energy and
Industrial Strategy, from Innovate UK, the UK'’s innovation
agency, and from the European Regional Development
Fund, the centre is providing the infrastructure and
expertise to enable companies to develop their
manufacturing capabilities and systems for large scale,
commercial cell and gene therapy supply. Companies
currently collaborating at the centre are Adaptimmune,

Autolus, Cell Medica, Freeline Therapeutics and TCR?
Therapeutics.

https://ct.catapult.org.uk/news-media/manufacturing-news/construction-completed-expansion-phase-doubling-capacity
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Commercializing
Living Therapies

About Us v Our Network ~ Our Services v Educatic

Our Services

Facilities

Located in Toronto's Discovery District, CCRM is in the heart of Canada’s premier

Overview

Business Services : : : ;s
health care innovation hub, and is surrounded by over 30 world-class clinical and

Technical Services research institutions. With access to more than 140,000 students and scientists in
Facilities Toronto, CCRM is deeply interconnected in a thriving biomedical cluster.
Our Clients

Our 40,000 ft? (~4,000 m?) home in the MaRS Centre houses on-site consultation
offices, a large and fully-equipped containment level 2 (CL2) laboratory, and a
stand-alone 20,000 ft? (~1,300 m?) Good Manufacturing Practices (GMP) facility.

Contact CDMO

Process Development Suite:

At 10,000 ft? (~930 m?), our laboratory is based on a modular design that includes
a large, fully-flexible process hall enabling us to mimic advanced biologics
manufacturing workflows and practices. This process hall is central to the
capabilities of the Centre for Advanced Therapeutic Cell Technologies (CATCT) —
an advanced manufacturing centre of excellence focused on addressing the many
challenges associated with cell and gene therapy manufacturing. The CATCT is

CCRM staff in the lab.

jointly supported by GE Healthcare and the Federal Economic Development
https://www.ccrm.ca/cdmo-facilities

Agency for Southern Ontario (FedDev Ontario).
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https://www.cell.com/action/showPdf?pii=

S0092-8674%2820%2931013-8

Single-Cell Analyses Identify Brain Mural Cells
Expressing CD19 as Potential Off-Tumor Targets for
CAR-T Immunotherapies

Graphical Abstract

CD19 CAR-T therapy
is associated with neurotoxicity

9
CD19
CAR-T cell
/ B cell

CD19 is expressed by cells
in the human brain

CD19+ cells are mural cells, which
wrap and support the vasculature

Vascular smooth
~ muscle cells

Capillaries

Potential mechanism:

Blood brain barrier leakiness following
cytokine release syndrome

CAR-T cell

I transmigration

CAR-T cell recognition of CD19+ mural cells
causing increased BBB leakiness

Mural cell
CAR-T cell cD19
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In Brief

Single-cell RNA sequencing analysis
shows that CD19, primarily considered as
a B cell-specific surface antigen, is
expressed in human brain mural cells that
are critical for blood-brain-barrier
integrity, suggesting that this cell

UMAP 2

Subgroup
Overall

Subgroup

Overall

Long-Term Follow-up of CD19 CAR Therapy
in Acute Lymphoblastic Leukemia

https://www.nejm.org/doi/pdf/10.1056/NEJM0al1709919

A Subgroup Analysis of Severe Cytokine Release Syndrome

Severe Cytokine Release Syndrome
(95% Cl)

—a— 26 %

B Subgroup Analysis of Severe Neurotoxic Effects

Severe Neurotoxic Effects

CD19 (CAR-T target)

cPM UMAP 1

(95% Cl)
| —&— 2 %
CD248 (pericytes) CD79A (B cells)
: ) :
cPM UMAP 1 cPM UMAP 1

population may contribute to the
neurotoxicity of CD19-directed
immunotherapy including CAR-T
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Graphical Summary of MSC Isolation, Properties, and Immunomodulatory Functions

Specific
markers

NMEBRDIERIZEHET S
EMEE

different
tissues

Plastic
adherence

Amenable to
genetic
modification

Expansion

Immunomodulator
Functions

Homing to
areas of
inflammation
and tumors

Almeida-Porada G, et al., Mol Ther Methods Clin Dev.

NK Cell
2020;16:204-224.

Dendritic Cell Macrophage https://www.cell.com/molecular-therapy-
family/methods/fulltext/S2329-0501(20)30016-4
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ICH Q2(R1) : VALIDATION OF ANALYTICAL PROCEDURES

Validation characteristics regarded as the most important for the validation of different types of analytical procedures

Type of analytical | IDENTIFICATION | TESTING FOR ASSAY
procedure IMPURITIES )
- dissolution
(measurement only)
- content
characteristics quantitat. limit
AR ORICA— &% T TOATE R
Precision - [&l— ﬁﬁ xl*]'CO)n't%ﬁEl N n_t%ﬁgéﬁﬁ
Repeatability \ =) j(‘__’ak THITE etc. +
Interm.Precision + (1) + (1)
Specificity (2) + + + +
Detection - MSC® 5%,—1;1&#,'& (3) +
Quantitatid = PBMC®D & 24 E%H]H@*!ﬂ
Linearity (MLRERBR R (ZHLVT) +
Range + B

- signifies that this characte

+ signifies that this characte

B o1-1e% B THIE
(AFﬁl:j(, AR, =)

(1) in cases wher
performed, int

reproducibility Elsee glossary) has been
ermediate precision is not needed

(2) lack of specificity of one analytical procedure could be
compensated by other supporting analytical

procedure(s)

(3) may be needed in some cases
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Life & e W"@f(';ii; ICONY \ ) CYEEROYNG ma Japan Radiolsotope Association 5 ‘
LiS€] “TRED || nnmason caner ot e tcoen | {500 e 1510, | | watessergn BhEEaLEULE
Central Institute for Experimental Animals, (0.8ha) The operation starts in April 2015 | =227 —— -
=777~ Regenerative Medical and New Drug | “=reiye 7 < 77 i =
C’EA Development Research Center [ o5 5 00¥ L0 ¥ & AP v;_";‘ - —'_ b g
= e (0.8ha) The operation starts in 2011 | : H £ ;4 £ - ==
aneda po pA—a— 3t 1 4 ' - 3 &P A "- .'- o
B Pl 77 welll 5 5 : g Ty 8 Tokyo y - I 3
. G, ot g ; Ry f o ) HAN E DA International - :‘-\ - 3
ROTHT }rwlfﬁ_‘l i % 5 3 e 4 Airport r— -
e i o -
J K0 -~ ;
=3 il ) o
] L
FU JIF ILM FUJIFILM RI Pharma Co., Ltd. (0.35ha) % ~ ¥E)- 2 = rprE
Vakie from lanovation 1l be starting In 2015 3 / NV 4
: - = / Tama River :.‘:;‘,.’?.,,’,‘:?",-",m,, = L b i
. / \ -

T =l g % ok 2N — : e— =

N E Keio University 3

- / 5 =

> 7 : %C =
EJ = ' Intemational
I8 | | Daishi DAIWA HOUSE INDUSTRY road plan Z
a3 Jer CO,LTD. (4.6hs) @ mc::r%)_ zorn:?
3 :wmwcoﬂvzyﬂcen’ﬂusso s
— - Life Innovation Center (Kanagawa pref.)
\ / (0.8ha) Wil be starting in 2016
" >
¥ W : x
A o = 2 PEPTIDREAM INC.
oy s SR @ eptiiom IWWVATIV PEPTIDE THERAPEITICS
20y PERTIOREAM ING ( 0.47ha)
,,‘;6,;&: 74 Will be starting in 2017.8
. .v.. ad
1 \, S W N < ANA Tonomachi Business center (3ha)
: - ~ & - =y’ "] <Catering Center Building >
o of Health S fohouonafohwon gp. ,\g_n,(q The operation starts in 2011 Z}/\/4] , ; -
@ = @ i B Yodobashi Camera A y Center <Administration Building> ! '«‘ -
~ (2.7ha) Will be starting in 2017 Tokyo Science Center (8ha) The operation starts in 2005 Scheduled to be completed in 2013 =l )
— (0.3ha) The operation starts in 2014.8 — (=SS c -
.,
. oy
.

* https://www.oag.com/hubfs/air-canada-787.ipg
** http://www.city.kawasaki.jp/en/page/0000038680.html

https://www.yomiuri.co.jp/economy/20220312-OYT1T50093/
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QbT (Quality by Testing, #tE 0 & EEHE) vs. QbD (Quality by Design)
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QbT (Quality by Testing, #tE 0 & EEHE) vs. QbD (Quality by Design)
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