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Value chain of RM and Standards

Material cell

General requirements for Biobanking
1ISO 20387:2018; General requirements for biobanking

Supporting Industry

Ancillary material J

ISO 20399:2022
Ancillary materials present during the production of cellular
therapeutic products and gene therapy products

Packaging
ISO 20404:2023 J
General requirements for the design of packaging to contain
cells for therapeutic use
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Supply facility of Cellular starting materials

(under consideration)

Supporting Industry

transportation J
ISO 21973:2020: General requirements for transportation of
cells for therapeutic use
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Cell manufacturing
“\Process Management

Gene Delivery Systems

Vocabulary
ISO/WD 16921-1:Gene Delivery Systems — Part 1: Vocabulary

Viral Vector
ISO/WD 16921-2:Gene Delivery Systems — Part 2: Guide for
Methods for the Qualification of Viral Vectors

MRNA-Lipid Nanoparticles
ISO/PWI 16921-3:Gene Delivery Systems — Part 3: Guide for
Methods for the Measurements of mMRNA-Lipid Nanoparticles

“ﬁ"’alrln SR
XM 0 RS}

anmEew
(%HE%EFE?E%’E:JM)' '
(BRI £ 2 ETE.
K l e | [Q
’Ji m DENERER

GRfTzE e

\PSIIHF@ Lﬁiﬂlﬂﬂ

LI’MIHEEEEEL,?
162 7

(EFSE LB ICER2IE. REE8IE)

<

Related field Manufacturing equipment

Drug discovery J || Equipment system

ISO/TS 23565:2021

Extracellular vesicle

Analytical method
testing and characterization J

ISO 23033:2021:General requirements and considerations for
the testing and characterization of cellular therapeutic
products

Cell counting - General guidance
ISO 20391-1:2018: Cell counting -- Part 1: General guidance
on cell counting methods

Cell counting - Experimental design
ISO 20391-2:2019:Experimental design and statistical
analysis to quantify counting method performance

Rapid microbial detection
ISO 24190:2023:Risk based approach for method selection
and validation of methods for rapid microbial detection in
bioprocesses

Cell viability
ISO/CD 8934 ; General considerations and requirements for cell
viability analytical methods — Part 1: Mammalian cells

Cellular morphology J
ISO/DIS 24479 :Minimum requirements for cellular
morphological analysis

General requirements and considerations for

(started development) equipment systems used in the manufacturing

of cells for therapeutic use

Red:Published. Blue:To be published by FY2024, J:Developed by Japan as PL
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Benefits of international standardization
activities



Analytical methods in Regenerative Medicine and Cell therapy
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GMP regulation.”FACT Immune Effector Cells.”Audit trail.”Part 11

Indications O
» B-ALL

> MM

» Lymphoma @

[5-2]
Infusion

Relapse + refractory

[5-1]
Multidrug chemotherapy

Lymphocyte removal

Apheresis ~ Infusion

6-8 weeks

IL-6 response

Analytical methods

( N

[6] Monitoring

(1 ]AphereSis D'ED » Anti-IR6R antibody — suppression of CRS
> Mononuclear cell | 055 > G-CSF — Suppression of myelosuppression
» TNC (bone > Blood transfusion — suppression of bone
marrow total marrow suppression
nucleated cells)
, Co: b
Information integrated management system
[2] transportation

Virus—+
ﬁ@f* £ [ aa |

(3-1] [3-2] T-cell
T-cell T-cell modificati
CD3(+) Activation on

f f

Safety tests

[4] transportation

[3-6] Pre-shipment QC tests

Sterility test, Mycoplasma test,
Endotoxin test, Virus test,
Residual Tumor Burden,
Residual Beads

-

Efficacy test

Modified gene copy number
CTL Activity

IFNy response

T-cell number%

CAR-T number%

(3-4]

T*-cell T*-cell
proliferati Formulati
on on

A

(3-5]

In process testing
loT System

Connectivity




Direction of standardization

Cellular
therapeutics*

Biotechnology
Biodiversity
Infectious

* |dentity* gPCR/ddPCR*

Count* NGS*

Purity* Genome

Viability* Editing™

Activity* Photometric*
Microscopy* disease™
Flow Synthetic/
cytometry engineering
ELISA biology

Nucleic acids*
Protein
Cells*

Virus/viral
vectors™

Others

By attribute

By application

By molecules & entities

*Ongoing efforts or completed standards
Version Jun 16, 2023



Advantages of international standardization

(1) Users (Academia or Pharma)
The process of selecting an analytical method is carried out appropriately

according to the Intended uses or user needs.

Intended use or user need

high market share

or users’ consensus

X X X

analytical method

Intended uses or user needs

1 2 3 4
4
Why did you choose this analytical

method?

I'd

Did you use the assay by the
appropriate measurement process?

A B C D

Did you obtain the output by the
appropriate measurement process?

analytical methods

Clarifying how to select the
analytical method

Setting the minimum and
common required specifications

Setting the unified index



Advantages by international standardization -

(2) Regulatory authorities and (3) Standardization organizations
When international standards are widely recognized, the process by regulatory authorities will

proceed smoothly and quality will be guaranteed.
After establishment

Current situation

of international standards

million cells.

million cells.

Cell medicine “X” contains 50 W (Cell medicine “X” contains 50 }

What analytical method
did you use? @

® ..
Cell counting was J
performed using the

2 International standards
® of Cell counting [
We have selected analytical
methods according to
international standards,
examined experimental

designs, and ensured the
quality of measurements.

analytical method “Y”.

Applicant regulatory Applicant

authorities

regulatory

How did you validate the authorities

cell count measurement?

| get what you mean! !

Validation is...




Advantages by international standardization -

(4) Devicel/reagent manufacturers
By participating in international standardization activities, they can quickly detect trends in market

needs and regulations, and utilize them in product planning.

Under international standards, it is not possible to
use a specific company name or product name to

promote sales, but... [Statistical method]

Setting acceptance criteria
mean-variance model
Regression line

formula for calculating residuals
Smoothing with polynomials
Scaling

Non-parametric bootstraps

Software that achieves requirements

e.g.) Automated cell counter I
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| M..-s«un..;cg. —
| # e W e
| 1 I : : AT Tk Koo be Rt o R
| IEEe Eval ng measurement process via a R T T ] =

is | dilution se mental design o [-2‘- —‘—--'=-” =]

4 - Uy K
- T SUMC VANGURI
et JOHNT. ELLIOTT', ANNE L. PLANT & IRSON <
s S u M
4

10




¢
2

sysmex

Example 1:

International standards
for cell counting
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Overview of cell counting sysmex

Cell counting is one of the important analytical methods for quality control of cell medicines and is
widely used regardless of treatment method or cell type.

e (R

Cel Count Cell Count Cell Count Cell Count

Cell Count

Cell Count Cell Count Cell Count Cell Count
Cardiomyocytes
Cwo and Qc Purification . differentiation | Expansion

Summary of the National Institute of Standards and Technology and US Food And Drug Administration cell counting workshop: Sharing practices in cell counting
measurements (Cytotherapy; Volume 20, Issue 6, June 2018, Pages 785-795)

12



Market needs of cell counting

No reference materials or standard measurement methods
have been established, and different analytical methods are
used in each situation.

@ How can we prove the performance and suitability of the

selected analytical method?

@ How can we ensure the quality level of the selected
analytical method?

‘s

Multi-function

Flow
1 cytometry
E
3 Automated Cell Jg
3 Counter
5 y Fully automated
S % cell analyzer
=) ,
X | Hemacytometer ‘
8] =
Automation
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Cell counting Part1:
General guidance on cell counting

INTERNATIONAL ISO
STANDARD 20391-1

rst edition
2018-01

Biotechnology — Cell counting —
Part 1:

General guidance on cell counting
methods

Biotechnologie — Dénombrement des cellules — I
Partie 1: Lignes directrices générales relatives aux méthodes de

el
dénombrement des cellules

Cell counting Part2:

Experimental design and statistical
analysis to quantify cell counting
method performance

INTERNATIONAL ISO
STANDARD 20391-2

First edition
19-0¢

Biotechnology — Cell counting —
Part 2:

Experimental design and statistical
analysis to quantify counting method
performance

Biotechnologie Dénombrement des cellules

Partie 2: Conception expérimentale et analyse statistique pour
quantifier les performances de la méthode de dénombrement

13



Cell counting Part1:
General guidance on cell counting
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Four categories are defined in cell counting

Direct:

the recording of a
signal or a set of
signals from each cell

Total:

the measurement of all cells,
independent of the attribute(s) of
the cell

Differential:

the measurement of a subset of
cells that have been
distinguished from other cells by
at least one distinct cell attribute.

Indirect:

the recording of a signal or a set
of signals from all cells or a subset
of cells in the sample and then
relating that signal to a cell count
based on measurement specific
mathematical model(s)

Indirect
/ Total

Indirect
|/ Differential

14



Cell counting Part1: -
General guidance on cell counting

1) Instrument qualification

« The measurement instrument shall be qualified per predefined
specifications. Qualification protocols shall be documented prior
to conducting instrument qualification and results shall be
documented.

2) Method validation and verification

« The cell counting measurement method shall be validated.
Method performance parameters should be provided to give
evidence that the method produces results that are suitable for

am

2) Validation of analytical procedures

the intended purpose. Specificity ]
Sensitivity §
Range E’
3) Reference materials Linearity or proportionality gn
» Reference materials should be used to ensure measurement Repeatability T oo
traceability, enable comparison, and/or verify a measurement Accuracy
prOCGSS. Available proficiency tests

15



Cell counting Part2: Experimental design and statistical <%

analysis to quantify cell counting method performance
Assuring the quality of measurement based on evaluating repeatability of the measurement and

proportional response to dilution.

Scope of this international standard

« This method is especially applicable in cases where an appropriate reference material to assess
accuracy is not readily available.

» This method does not directly provide the accuracy of the cell count.

-~ o R > G

p— —~— — —— — ~——
~
.

: s NT—— : :
o Precision o Precision 0 Precision
Q Accuracy Accuracy 0 Accuracy
Ideal cell count Typical cell count due to Unacceptable

lack of appropriate Cell count

reference materials

Lin-Gibson S, Sarkar S, Elliott JT.
Cytotherapy. 2018 Jun;20(6):785-795. doi: 10.1016/j.jcyt.2018.03.031. Epub 2018 Apr 24. 16



Cell counting Part2: Experimental design and statistical <%

analysis to quantify cell counting method performance
Assuring the quality of measurement based on evaluating repeatability of the measurement and

proportional response to dilution.
Setting quality indicators, that can be used for general purposes

A variety of analysis methods and cell types are used.
A serial dilution of the cell suspension is prepared, measured with a specific method and equipment, and
evaluated repeatability of the measurement and proportional response to dilution.

Dilution fraction experimental design

Cell Counting

. Stock cell Cellsin
Measurement Process: sample suspension
X

Lower limit for
intended
purpose

Upper limit for

Target DF

intended purpose

ook g | [Tah ]| [Caa ] i
. 1] | |
labeling | /| /| | \ -\ | TAFAF FAFAT
+ Blinded I J Y 1\ \J \ \J \
AN I N
Observed Independent replicate
ot BEE oo eevvieees. BB S
oo BEE 11
2% R ¥ g%
a8 £ o £ 0 0
oo o ooo0
Replicate
Measurements
(k) of a single

testsample

Repeatability and deviation from
proportionality

= 3x108q == |deal proportional model fit

3

@ @ Method specific response

id ] Residuals o

T 2x10%9 i i

o 1 » °

® -

£ |

o 1x108- ®

Q ]

&

5 ]

o q

8 0 L] L] T T L}
0.0 0.2 0.4 0.6 0.8 1.0

Dilution Fraction

17



Cell counting Part2: Experimental design and statistical <%
analysis to quantify cell counting method performance

Evaluate processes including pipetting errors and report statistical analysis results

Assessing pipetting error contributions to dilution integrity
» Contributions of pipetting error to dilution integrity shall be addressed.
« Statistical processing considering the difference between the actual measurement value and the theoretical

value.
S b S .
g ¢ o , 5 e ¢
c £ c »
§ ] 1 ‘ § o
g e © - 8 o
% [ ] ‘ % et
o . . - ~‘ O .
[ L
[ ] .
Target dilution fraction Measurement
of the mass by
0.1 0.3 0.5 0.7 0.9 electronic 0.1 0.5 0.9
analytical 0.289 0.688
balance
Ta@etqen 0.6 ml 1.4 ml Massof 0.586 g 1351 g
suspension pipetted
volume sample
+ + + +
Target diluent
Mass of
volume 1.4 ml 0.6 ml pipetted 14449 0.613g

diluent 18



Cell counting Part2: Experimental design and statistical <%

analysis to quantify cell counting method performance
Use for process optimization, confirmation of Between-day reproducibility, evaluation and selection

of multiple analytical methods, etc.

Sample Data from Simulated Methods

Use case 1 i L " m
Optimization of cell counting 2o Rl -EE
process, etc. - R | - 0092 01712 0078 0229

i “»rd | | |
| % e ' i1 ’ e 0291(0)  1064(C) 2676(C) 1002(C)

Use case 2 Time
Evaluation index for quality control = ———
of cell counting fe b o i g S W
(Between-day reproducibility, etc.) _ 5 o _ 5 5

Use case 3 T ) s
Compare two or more analytical g - - -, .
methods or select the best method =~ ‘ = '| =

Wiz — == — zpWl ﬁ!'

—trt 19
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Example 2:

International standard
for cell viability



Overview of cell viability

Cell viability is one of the important analytical methods for quality control of cell medicines, and is

performed to check manufacturing processes and characterize products.

Cell viability '
\. Post-thaw
Infusion:
Treat patient
with cells
Cell viability
\.Conditioning
and Dosing
Functionality
. L /Potency: e.g.
Cell viability cytotoxicity

assay

Patient

a

4

LV Apheresis

4

Transduction

[Transfection

: Genetically
engineer

cells

Expansion:
Increase

Cell viability

Cell viability

"

Cell Number e

Cell viability

21



Market needs of cell viability sysmex
No reference materials or standard measurement methods have

been established, and different analytical methods are used in each

situation.

@ How can we prove the performance and suitability of the (General considerations and requirements

selected analytical method? for cell viability analytical methods]

@ How can we ensure the quality level of the selected analytical

ISO/NP 8934:2022
IS0/TC 276/WG 3

h d f) Secretariat: : DIN
Bio-
DAPI man'UfaCt Biotechnology — General considerations and requirements for
uring cell viability analytical methods — Part 1: Mammalian cells
¢’ Bio- Drug
banking Discovery

Toxicty. _Cell viability - el NWIP stage
) measurement  therapy
1 /Biocomp manufact Warning for WD and CDs
- atibility uring e : o S I3 g
= teStIng Recipients of this draft are invited to submit, with their comments, notification of any relevant patent rights of
. /Release which they are aware and to provide supporting
wxo = Annexin V l i i
% %4— Dead cells Tissue aSiC
b= Engineeri Science
s il i ng /Research

22



General considerations and requirements for cell viability <%
analytical methods

Cell viability is defined by the broader concept of “Viable state”
Definition of “viable state”

« The viable state can be described by a spectrum of attributes related to vital cellular function and
cell death.

Q Live ~ Cell attributes analytical method
_ | _ KI\/Iembrane Integrity \ ~Llive non-fixed
Vlable « Metabolic activity V[obllny/deod cell detection
£ (healthy) « Molecular cell death He ity
> * Proliferative Capacity ﬂ '
8 >~ | - Cell adhesion | - .
L _ « Cell motility .
v NOoN-via ble  Mechanical Integrlty Propidium lodide (PI)
(unhealthy) « Reactivity to stimuli i e g
KCeII/OrganeIIe morphology DAP

Dead ~/

23



General considerations and requirements for cell viability <

analytical methods

sysmex

Select the appropriate method from the cell viability analytical methods

The cell viability analytical methods for measuring different biological properties

» The definition of viable and non-viable cells can be based on physical, biochemical, and biomolecular

properties related to the viable state of the cells.

» Afit-for-purpose approach should be followed when selecting and designing cell viability analytical methods.

—» FIGURE 2

Examples of viability measurements and the quality attribute being measured.

Membrane Ability to
Metaboli:
Integmy Proliferate

« Trypan Blue + Calcein-AM e Annexin V « Countover

« AO/DAPI « MTT o Caspases time

« AO/PI o Alamar blue « TUNEL « Colony forming

« Calcein-AM o ATP unit (CFU)

« Impedance » Glucose :&Zz;EdU

e Lactate consumption AL
dehydrogenase « CM-FDA

AM: Acetoxymethyl; AO: Acridine orange; ATP: Adenosine triphosphate; BrdU: Bromodeoxyuridine; CM-FDA: 5-chloromethylfluorescein
diacetate; DAPI = 4',6-diamidino-2-phenylindole; EdU: 5-ethynyl-2"-deoxyuridine; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, Pl: Propidium iodide; TUNEL: Terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling.

Select the appropriate

analytical method
by fit-for-purpose

T approach

1. Select viable cell state attribute
2. Consider the properties of the cell sample
3. Consider the measurement process.

24



General considerations and requirements for cell viability <

analytical methods
Consider and clarify the sources of measurement variability

sysmex

for specific cell viability analytical methods.

Managing sources of variability in a cell viability measurement

» Sources of variability in cell viability measurements should be evaluated and documented.

« The importance of individual factors varies depending on the type of analytical method deployed. A design
of experiments (DOE) approach can be applied to identify sensitivity of the viability analytical method to
different sources of variability.

Pre-analytical Post-analytical

Analytical

(Input) (output)
o N e — N N
, Cell System Sampling Test sample Instrumentation Data Analysis ! Cell Viability '.
E *Sample source [e.g. *Bioreactor preparation M *Gating/ Result :
' primary cells, in- sampling «Mixing Collection Thresho!dmg «Cell viability quantity !
: process sample, sCell scraping *Pipetting *Brightfield/ Phase *Calibration values i
! biobanked samples) s Trypsinization «Staining Imaging curves sUncertainty i
i ‘;Z:sp;;zr‘tation 'PipeLI:iHs ) eLysing *Fluorescent Imaging +Signal prcccssi.ng 'Utherav?llable . '
! history *Centrifugation *Washing sFlow cytometry <Image processing relevant information !
i | esample storage *Filtration «Enzymatic/ sSpectrophotometric | | -Imase Ianal\ms (e.g. assumptions) i
i conditions (e.g., chemical reactions methods °StaTls§|caI *Metadata on !
! cryo-preserved) «Dilution/Concentra *Impedance/ analysis controls, procedures !
, tion capacitance Artificial and conditions :
; «Sample loading into measurements Intelligence !
: instrument/ »Analyte detection !
\ | anelytical chambers ) '
—_— f

Figure 3 — A general cell viability measurement process with examples of processes and
considerations that can affect the results of cell viability analytical methods.
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Benefits of international standardization activities
« The process of selecting an analytical method is carried out appropriately according to the
Intended uses or user needs.
« The process by regulatory authorities will proceed smoothly and quality will be guaranteed.
« The manufacturers can quickly detect trends in market needs and regulations and utilize
them in product planning.

Purpose of the international standards for cell counting

» This method is especially applicable in cases where an appropriate reference material to
assess accuracy is not readily available.

» A serial dilution of the cell suspension is prepared, measured with a specific method and
equipment, and evaluated repeatability of the measurement and proportional response to
dilution.

Purpose of the international standard for cell viability

« The cell viability analytical method should be selected based on the biological property.

« |dentify points that cause variation in measurement results, implement them appropriately,
and manage data.

26
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General guidance on cell counting Experimental design and statistical

methods analysis to quantify counting method NWIP stage
performance
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dénombrement des cellules Partie 2: Conception expérimentale et analyse statistique pour
quantifier les performances de la méthode de dénombrement
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Experimental design and statistical analysis to quantify <2
cell counting method performance

Document experimental design parameters and statistical analysis method

Reporting
« The report shall contain information on the experimental design and statistical analysis.

7.1 Reporting of quality indicators 7.2 Documentation of experimental design
parameters and statistical analysis method

(Shall; requirement) (Shall; requirement)

Mean cell count a) Description of the cell counting
Measurement Precision (%CV) measurement system(s) investigated
Coefficient of determination (R?) b) Dilution fraction experimental design
Proportionality index (PI) elements

c) Method for evaluating pipetting error
contributions to dilution integrity

d) The assumed mean-variance relationship
used in the proportional model fit

e) Formula for the proportional model fit

f) Method for calculating PI

29



General considerations and requirements for cell viability <%
analytical methods

Document the cell viability quantity

and the information related to the measurement method

Reporting and documentation

A) the cell viability quantity with appropriate units

B) the attribute, related to viable state, used for evaluating cell viability;

C) the measurement method, where the measurement method shall indicate the biological property used in
the analytical method.

D) any relevant intermediate measurands that were used in the calculation of the cell viability quantity value

Measurand chart: Semi-automated image-based Trypan Blue Dye Exclusion Cell Viability

a "\ [ Identify non- Y (~ )
viable cells #TB “+”
Measure based on cells
Measure size Identify cell intensity of threshc‘?ld” for F;erc?ntag]fe
and shape of Objetf]ts bﬁsﬁf light in cell L=t Toble ool 100% X # TB “+” Viability Decision
objects on rles © object a [TB] a @ Identify non- i #TB“+ +#TB " (of cells) Making
VLS membrane viable cells 4TR AT
integrity based on ol o Vviabili
L y threshold for Quantity Quantity Quantity Measurand Intended
\ » TBY )\ ~ Equation Value use
Intermediate Examination Intermediate

Measurand 30
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