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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Commiittee ISO/TC 276, Biotechnology.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

The emergence of cellular therapeutic products has increased the need for high quality, robust, and
validated measurements for the characterization and testing of products containing cells as the active
substance. These products are regulated by regional health authorities who evaluate product quality
in terms of their quality attributes (QAs) via appropriate biological, physical and chemical assays
(analytical methods).

Analytical methods are performed on cellular starting materials, in in-process testing and as a part of
product conformance testing, comparability studies, and stability testing. These analytical methods
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pduct lots that meet defined specifications are released. Quality attributes are also usq

fing and trending purposes as well as in-process indicators.

hethods also underpin the development of new cellular therapeutic products by prov

biological mechanisms of action and facilitating the research and development
anufacturing. In addition, analytical methods are used to evaluaté and compare cel
products from different batches that have, for example, been prdduced on different da
ations, or via a changed manufacturing process.

e measurement of a cellular therapeutic product is challengirig due to the complex and h
fure of viable cells and cell samples, the varying vulnerability of cell types and proce
k of understanding of fundamental cell biology, and the large number of param
vith bioprocessing and measurement processes.Biological variability further compli
hts. Additionally, different donor samples can have different susceptibilities to proce

nlytical methods are key to evaluate cellular therapeutic products, as well as the cel
terial and intermediate, although thespecific performance criteria can be different
final cellular therapeutic products.
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ficritical quality attributes (CQAs) (i.e. attributes used to establish identity, cell c

trols
, and
sure
d for

iding
that
lular
s, at

ighly

5sing
pters
rates
5sing

hg the need for in-process controls duringcthe measurement process even more critical.

lular
from

sure
b0 be
tion.
lular
bsay’s
es of
f the

final
rtical
mon
bunt,

purity or impurity, potency or relevant biological activity, viability, sterility, stability, and maturation
profile).

This document was developed to provide additional technical guidance on cell characterization and
specifically outlines approaches for strategic development of analytical methods cellular therapeutic
product characterization and testing (see Annex A for schematic outline of concepts presented in this
document).
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Biotechnology — Analytical methods — General
requirements and considerations for the testing and
characterization of cellular therapeutic products

1 Scope

This|[document provides general requirements for the testing of cellular therapeutic produgts intended
for himan use.

This|document also provides considerations for the characterization of cellular therapeutic products,
including approaches to select and design analytical methods that are fit for purpeése.

Such|considerations can be used to establish critical quality attributes for a.celtular therapetitic product.

This|document is applicable to cellular starting materials (including’ those for tissue|engineered
products) and intermediates of cellular therapeutic products.

This{document is not applicable to tissues used in transplantation.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO dnd IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platférm: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
acceptance criteria
numerical limits){ranges, or other suitable measures for acceptance of the results df analytical
procedures which the product or materials at other stages of manufacture is intended to mget

adventitious agent
: . . 4 d 1l . 4 | 1 . 4l £ . -
microor SAISHIS UIIIILCIILIUIAITY TIILTOUULCU LU UIT 4 ITUIdC LU s Protcss

Note 1 to entry: Microorganisms can include bacteria, fungi, mycoplasma or spiroplasma, mycobacteria,
rickettsia, protozoa, parasites, transmissible spongiform encephalopathy (TSE) agents and viruses.

Note 2 to entry: Adventitious agents are a subset of impurity for cellular therapeutic product (3.15).

3.3

analytical method

investigative procedure for qualitatively or quantitatively measuring or assessing the presence,
amount, or functional activity of a target entity (the analyte)

© IS0 2021 - All rights reserved 1
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analytical target profile

ATP

predefined objective that stipulates the performance criteria (3.34) for a test method (3.52)

Note 1 to entry: The ATP states the required quality of the results produced by a test method (3.52).

3.5

ancillary material

AM

material that comes into contact with the cell or tissue product during cell-processing, but is not

intended to

Note 1 to ern
needles) and
have a biolog

Note 2 to ent]
the cellulars

Note 3 to ent

[SOURCE: IS
the example

Note 4 to ent
(3.15).

Note 5 to ent
complex. Thy
material wou

3.6
area densit]
<cells> cell
area

[SOURCE: IS
3.7

analytical mmethod matrix

set of two ¢
attribute (3

3.8
attribute
physical, chg

£ oLl o €2 ] | + £ 1ot
© lJCll C UL L1IT 1111al Pl uuul L 1uliniviativill
try: AMs exclude non-biological consumables (e.g. tissue culture flasks, bags, tubing; pip
other plastic ware that come into contact with the cell or tissue but include consumableswhig
cal component (e.g. coated dishes or beads).

ry: AMs exclude feeder cells (cells that are used in the manufacturing process'but are not a p
Farting material).

(y: In some cases, AMs are described as raw materials.

0/TS 20399-1:2018, 3.1, modified — Note 2 was reduced to the exclusion of feeder cell
was adjusted accordingly.]

Fy: For the purposes of this document, the final product fortaulation is a cellular therapeutic pn

ry: Nature of both biological and synthetic materiakas well as their impact on cells can be h
s, making assumptions as to that a synthetic material is less variable or complex than biol
ld be wrong.

y
rount (3.14) of adherent cells onrasurface, typically expressed as number of cells pef]

0 20391-1:2018, 3.4]

r more complementary analytical methods (3.3) to measure different aspects of a qi
38)

emical; biological, or microbiological property or characteristic

ettes,
h can

art of

5 and

oduct

lighly
gical

unit

lality

[SOURCE: IS
39

A204 4. 9040 o =]
UoJ1I71.ZU10, O5.J]

attribute component
quantity (3.39) used to derive a quality attribute (3.38)

3.10

biological activity
specific ability or capacity of the product to achieve a defined biological effect

Note 1 to entry: The biological activity is potentially modified by stimulations including for example chemical,
physical, or mechanical stimuli as well as other changes in environment and with time.

© ISO 2021 - All rights reserved
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3.11
biological property
biological phenomenon that is evaluated to assess the quality attribute (3.38)

3.12

calibration

operation that, under specified conditions in a first step, establishes a relation between the quantity
(3.39) values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

SO A Yal nNE foFaWA A nFallVale-pa | Q02007 9 D0 daf: o TL i dalatadl
INGU L. IJU/ ILGUG JUJuIiuc JJ.4VUVU 7, 4.J 7, I1IUUITICU I'IIC IITULTS VWUI T UCICLCU-J

3.13
cell ¢oncentration
cell cpunt (3.14) per volume

Note [l to entry: Typically used for cells in suspension.
[SOURCE: ISO 20391-1:2018, 3.6]

3.14
cell ¢ount
discijete number of cells

Note [l to entry: Cell count is typically expressed as cell concentration (3.13) or area density (3.6).
[SOURCE: ISO 20391-1:2018, 3.7]

3.15
cellylar therapeutic product
product containing cells as the active substafice

[SOURCE: ISO/TS 20399-1:2018, 3.5, modified — Example deleted.]
Note |l to entry: The following are examples of cellular therapeutic product:
a) 4 cell therapy medicinal product;

b) 4 tissue engineered product.

3.16
cellular starting material
living and functiofial cellular material present at the beginning of a cellular therapeutic prpduct (3.15)
manyfacturingprocess

Note [l toentry: There are other types of starting materials also relevant for cellular therapeutic praducts (3.15).

3.17
certified reference material

reference material characterized by a metrologically valid procedure for one or more specified
properties, accompanied by an RM certificate that provides the value of the specified property, its
associated uncertainty, and a statement of metrological traceability

[SOURCE: ISO Guide 33:2015, 3.2]

© IS0 2021 - All rights reserved 3
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3.18

comparable

conclusion that products have highly similar quality attributes (3.38) before and after manufacturing
process changes and that no adverse impact on the safety or efficacy, including immunogenicity of the
drug product occurred

Note 1 to entry: This conclusion can be based on an analysis of product quality attribute (3.38). In some cases,

non-clinical or clinical data can contribute to the conclusion.

3.19

contaminant

f the

any adventi
drug substa

Note 1 to ent

3.20
critical qua
CQA
physical, ch
appropriate

Note 1 to ent

3.21

final cellular therapeutic product

formulated

3.22

fit for purp
fitness for 1
in line with

[SOURCE: IS

3.23
impurity

any componlent present in the proddct which is not the desired product, a product-related substan

excipientin
Note 1 to ent

3.24

in-house r¢
non-certifie
are sufficier

Note 1 to en

TOTrOT

nce or drug product

TIrerotrarc e oot r o rro T rrreerrer e ervo—oe ToctoY

Fy: Adventitiously introduced materials can be e.g. chemical, biochemical, or microbial‘spécies

lity attribute

emical, biological, or microbiological property or characteristic intended to be with
limit, range, or distribution to ensure the desired quality and consistency of a product

Fy: CQA is generally related to the clinical efficacy and safety of theproduct.

Cellular therapeutic product (3.15) intended for administration to human subjects

pse
he intended purpose
prearranged requirements for an intended use (3.26)

0 20387:2018, 3.24, modified — Naote deleted.]

luding buffer components

Fy: An impurity cai-be either process- or product-related.

ference material
d materialor substance, produced by one laboratory, one or more of whose property v
tly homogeneous and well established to be used for the intended use (3.26)

n an

fe, or

hlues

ry< The use of in-house reference materjals can include but is not limited to, validation (I

calibration (3.12), monitoring of comparability, and potency (3.36) and process evaluations.

54),

[SOURCE: ISO 16140-1:2016, 2.32, modified — “validation” replaced with “the intended purpose”, note

added.]
3.25

installation qualification

1Q

establishing by objective evidence that all key aspects of the process equipment and ancillary system
installation adhere to the manufacturer’s approved specification (3.50) and that the recommendations
of the supplier of the equipment are suitably considered

© ISO 2021 - All rights reserved
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3.26

intended use

intended purpose

use for which a product, process, or service is intended according to the specifications (3.50), instructions
or information or multiple of them provided by the manufacturer or user

[SOURCE: ISO/IEC Guide 63:2019, 3.4, modified — Added new term, as well as “or multiple of them” and
“or user” to the definition; “and” was replaced by “or”.]

3.27
intermediate

t il £ 4 H rlo ot o 3 el ok 4 1 3
ma I Idl TI1 111dIITuldtiul llls lJl ULLTOO LIIdl 15 11Ullllllqll_y UTLVVLTUIT LVWU UIIIt UlJCl dliUllos

3.28
intermediate precision
meagurement precision (3.37) under a set of intermediate precision conditions

[SOURCE: ISO/IEC Guide 99:2007, 2.23, modified — “measurement” was deleted from the term, note
deleted.]

Note|1 to entry: The intermediate precision condition refers to a set af conditions that includes the same
measjurement procedure, same location, and replicate measurements,on the same or similar objects over an
exterjded period of time, but can include other conditions involving changes (e.g. analyst or instrumlent).

3.29
limit of detection
lowept amount of analyte in a sample (3.46) which can be detected but not necessarily quantitated as an
exacf value

3.30
limit of quantitation
lowept amount of analyte in a sample (3.46) which can be quantitatively determined with suitable
precision (3.37) and accuracy

Note|l to entry: The limit of quantitatien is a parameter of quantitative analytical methods for|low levels of
compounds in sample matrices and is.used particularly for the determination of impurities (3.23) ot degradation
prodiicts or both.

3.31
measurement target
interlded object of measurement

Note|l to entry: A‘measurement target can denote a feature or complex features of cells that is informative of
cellullar status er'quality. The term is additional to the term analyte or measurand in situations where the use of
thosd terms js\net appropriate or possible.

3.32
nomijnal property
property of a phenomenon, body, or substance, where the property has no magnitude

[SOURCE: ISO/IEC Guide 99:2007, 1.30, modified — Notes and examples deleted.]

Note 1 to entry: The nominal property of a measurement target is one that can be described but not quantified
with a magnitude.

3.33
operational qualification

0Q
establishing by objective evidence process control limits and action levels which result in an analytical
method (3.3) that meets all predetermined requirements

© IS0 2021 - All rights reserved 5
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performance criteria
required functionality and behaviour of the test method (3.52)

3.35

performance qualification

PQ

establishing by objective evidence that the analytical method (3.3), under anticipated conditions,
consistently meets all predetermined requirements

3.36

potency
measure of

the attribute¢

3.37
precision
closeness of
measureme

Note 1 to en
deviation, va

the biological activity (3.10) using a suitably quantitative analytical method (3.3), basq
(3.8) of the product which is linked to the relevant biological properties (3.11)

agreement between indications or measured quantity (3.39) values obtained by repl
ts on the same or similar objects under specified conditions

Fiance, or coefficient of variation under the specified conditions of measurement.

Note 2 to emtry: The 'specified conditions' can be, for example, repeatability conditions of measure

intermediate

[SOURCE: IS
3 and 4 wer

Note 3 to ent
result.

3.38
quality atty
physical, ch
quality

3.39
quantity
property of

[SOURCE: 1§
deleted.]

3.40
reference n

precision conditions of measurement, or reproducibility conditions of measurement.

O/IEC Guide 99:2007, 2.15, modified — Term “measurement precision” was deleted. )
e deleted.]

ry: Measured quantity (3.39) value refers to theguantity (3.39) value representing a measurg

ibute
bmical, biological, or microbiological property or characteristic that is an indicator d

h substance with admagnitude that can be expressed as a number and a reference

O/IEC Guide 9932007, 1.1, modified — Notes, example, and “phenomenon, body, or”

naterial

ed on

icate

try: Precision is usually expressed numerically by measures of ithprecision, such as stapdard

ment,

Notes

ment

f the

were

been

material, suf f1c1ently homogeneous and stable with reference to spec1f1ed propertles which has
established 6

[SOURCE: ISO/IEC Guide 99:2007, 5.13, modified — Notes and examples deleted.]

3.41

repeatability

measurement precision (3.37) under a set of repeatability conditions of measurement

3.32)

[SOURCE: ISO/IEC Guide 99:2007, 2.21, modified — Term “measurement repeatability” was deleted.]

Note 1 to entry: Repeatability conditions of a measurement refers to condition of measurement, out of a set
of conditions that includes the same measurement procedure, same operators, same measuring system, same
operating conditions and same location, and replicate measurements on the same or similar objects over a short
period of time.

© ISO 2021 - All rights reserved
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3.42
representative sample
sample (3.46) that accurately represents or reflects the attributes (3.8) of the system

Note 1 to entry: Generally intended to provide information on the system, often to serve as a basis for decision on
the system or its production.

3.43
reproducibility
measurement precision (3.37) under reproducibility conditions of measurement

[SOURCE: ISO/IEC Guide 99:2007, 2.25, modified — Note and term “measurement reproducibility”
deleted.]

Note [l to entry: Reproducibility conditions of measurement refer to the condition of measurement, put of a set of
conditions that includes different locations, operators, measuring systems, and replicatéeméasurements on the
same|or similar objects.

3.44
robustness
meagure of a test method (3.52) capacity to remain unaffected by small, but deliberate yariations in
metHod parameters and provides an indication of its reliability during normal usage

3.45
ruggedness
degrge of reproducibility (3.43) of test results obtained by the analysis of the same samples (3.46) under
a varjiety of normal test conditions

Note [l to entry: Normal test conditions can include for examiple: differentlaboratories, differentanalysts, different
instrpments, different reagent lots, different analysisidays, different elapsed times, different tempefatures etc.

3.46
sample
one Qr more parts taken from a system

3.47
sensitivity
quotjent of the change in an indication of a measuring system and the corresponding change in a value
of a quantity (3.39) being measured

[SOURCE: ISO/IEC Guide99:2007, 4.12, modified — Notes and term “sensitivity of a measuring system”
deleted.]

3.48
specificity
characteristic of a test method (3.52) that expresses qualitatively and quantitatively its ability to detect
or ddtermine an individual analyte without interferences from accompanying species

Note 1 to entry: Specificity increases with sensitivity (3.47) and amount of analyte and decreases with increasing
cross-sensitivity and amounts of accompanying species and larger disturbing effects.

3.49

shelflife

specific time period for which a cellular therapeutic product (3.15) can maintain suitability for its
intended use (3.26)

3.50

specification

list of tests, references to analytical procedures, and appropriate acceptance criteria (3.1) that would be
expected to be met to demonstrate suitability for its intended use (3.26)

[SOURCE: ISO/TS 20399-1:2018, 3.9, modified — Replaced “intended use definition” by “intended use”.]

© IS0 2021 - All rights reserved 7
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characteristic of a material, when stored under specified conditions, to maintain a value(s) for stated
property(ies) within specified limits for a specified period of time

[SOURCE: IS
3.52

O/TS 20399-1:2018, 3.10]

test method

technical pr

3.53

ocedure used with a specified analytical method (3.3)

therapeuti¢

cells within
Note 1 to ent

3.54
validation
confirmatio
use or appli

[SOURCE: IS

3.55
verificatior
confirmatio
fulfilled

[SOURCE: IS

3.56

viable cells
cells within
of reproduc
defined bas

[SOURCE: IS

cells
a therapeutic product required for the therapeutic effect

y: Sometimes referred to as the cellular active substance.

h, through the provision of objective evidence, that the requirements+for a specific inte
cation have been fulfilled

0 9000:2015, 3.8.13, modified — Notes deleted.]

]
h, through the provision of objective evidence, that specified requirements have

09000:2015, 3.8.12, modified — Notes deleted.]

a sample (3.46) that have an attribute (3.8) of being alive (e.g. metabolically active, caj
Lion, possessed of intact cell membrane, or with the capacity to resume these funct]
bd on the intended use (3.26)

0 20391-1:2018, 3.29]

4 Cellul

The provena

cellular the
status cond

Informatio
the evaluati
be given:

ar starting materials

apeutic praoducts. This is due to both the donor-to-donor variability and differenti
tions of'the cellular starting material.

nce and bioprocessing of cells can have significant effects upon the quality attribu;lles of

nded

been

bable
ions)

cell

5 and

regardlng cellular starting materials that can 1mpact the de51gn of analytlcal method

a) the consent form for data and materials from human donors;

1ould

b) the donor medical history and the results of analytical methods performed on the donor for the
detection of viral and microbial infections.

NOTE1  The details that document provenance of the cells are not exhaustive. For example, depending on the
specific application, documentation that allows for tracking and traceability of the cellular starting material can

be made avai

lable.
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Aspects of the bioprocessing history of cells should be documented. Documentation for cell culture
history can include:

1) tissue source of harvested cells;

2) anatomic site of isolation;

3) harvest method used for isolation of cells;

4) number of population doublings, number of passages, and total time of culture;

5) ancillary materials used (e.g. media) and substrate materials;

6) 1
7) 1

9)
10) 1
A tes

NOTH
analy

The
regid
mate
NOT]H
and H

5 1

51
Cellu

a) ¢

b) define specifications for the product; and

c) ¢

8) j)reservation history (e.g. freeze and thaw);

esults from analytical methods to asses attributes used to establish identity;

esults from analytical methods for adventitious (contaminating) agents;

or expanded cells, additional details such as seeding density and % cenfluence at subc
esults from karyotype testing (for sex and loss of chromosomes).
t method, which ensures biosafety, should be specified.

2 Infectious substances or toxic substances in cells can affect biosafety of the person cd
tical methods.

person or organization that performs analytical‘Studies should be aware of relevd

rial.

3 Examples of relevant regulations include EU, Directive 2004/23/EC[L3], EU Directives 20
U Directives 2006/86/EC[17Z],

Design of fit for purpose analytical methods for evaluating quality att

General concepts
lar therapeutic praoduets should be described by a set of attributes (properties) that ar

bnsure quality(safety and efficacy);

bstablish identity.

Thes|

ulture;

nducting the

nt national,

nal and international approved ethics, laws, and regulations relating to the cellular starting

06/17/ECl18],

ributes

e useful to:

eattributes are often referred to as critical quality attributes (CQAs) and ideally co

rrelate with

the intended clinical outcome, mechanism of action (MUAJ, or safety of the product. Characterization
of quality attributes for a given cellular therapeutic product should be undertaken with analytical
methods that have been confirmed to be fit for purpose. Where those analytical methods are used as
routine test methods for the manufacture of the cellular therapeutic product, they should be validated.

CQAs for a cellular therapeutic product should include a set of quality attributes associated with:

1) i

dentity;

2) cell count;

3) cell viability;

4) purity or impurity;
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5) potency or relevant biological activity;

6)
7) microbi

NOTE 1

stability;

ological quality.

Each cellular therapeutic product generally has its own set of CQAs based on the products’ intended

use or MOA or both. This is due to the fact that cellular therapeutic products are complex, dynamic, and often
heterogeneous mixtures of viable and non-viable cells, derivatives of cells (e.g. exosomes and cytokines), and
active or inactive substances or both.

In practice, CQAs are defined based on comprehensive research and development as well as pre-

clinical and
characteriz:
attribute is
attribute to

safety and quality, can also call for reconsideration of CQAs and how they are applied.

The identifi
ensure that
expected to
understand

NOTE2  Fd
to as quality
critical durin|

Product test
manufactur

Testing can
banks, to ey
product.

clinical data on quality attributes. The analytical methods 10T cellular therapeutic prq
ition should be refined during product development. Often, the critical nature of @ qy
not confirmed until clinical data are established regarding the relevance of/the qu
patient outcome. Comparability studies to assess the impact of process changes.on prq

cation of relevant quality attributes often requires a risk-based approach to be appli
the list of attributes to evaluate is manageable and meaningful. Analytical method
evolve over the development program and are continuously refined in response to
ng over the entire product life cycle (see Annex A).

r the purpose of this document, attributes describing a cellular therapeutic product are ref|
attributes with the understanding that in some cases those quality attributes can be confirm
g product development.

ing and the development of a testing strategy are'integral parts of ensuring control
ng process and consistency (see Annex A).

be conducted throughout the manufacturing process, including on the manufacture g
aluate the manufacturing process itself\and to ensure the quality and consistency d

Quality co
developme
final produgd
analytical
The develop
cellular sta
is necessar
provides da
the analytic
final produd

The charact
that are int

rol requirements can be différent at different stages of cellular therapeutic prg
and at different manufacturing steps (e.g. cellular starting materials, in-process
t testing) of the cellular therapeutic product. The selection, design, and optimizati
ethods should start in the-development program for a given cellular therapeutic pro
ment program is, in part; the process of gathering data on the characteristics of batch
ting material and eorresponding intended purpose in order to establish what inform
to ensure the quality of the therapeutic cells in the cellular therapeutic product.
a on variability) that can be related to the cells themselves and variability that is d
I method measurement process. These data normally form part of the justification fqg
t specifieation range.

rization data from the development program should be used to establish quality attril
nded to be assessed for each lot of cellular startmg material and cellular therap

duct
ality
ality
duct

d to
5 are
new

erred
ed as

f the

f cell
f the

duct
and
bn of
duct.
es of
htion
This
e to
r the

butes
eutic

¥s for

extended character1zat10n to conf1rm that the Change to the cellular startmg mater1al (e g. a new
working cell bank or different biopsy location or procedure) has not altered the quality of the final
cellular therapeutic product.

5.2 Approach to analytical method design

When possible, a systematic approach to analytical method design should be used to meet the specific
objectives of measurements necessary for quality attributes. The systematic approach can include
determining specific measurement targets, analytical method selection and qualification, reducing
the sources of measurement variability, defining a design space that ensures confidence in the
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analytical method, control strategies and continual improvement to increase method robustness and
understanding of the analytical method design space.

NOTE

This systematic approach to analytical method design is sometimes referred to as quality by design

(QbD) for analytical methods. A QbD approach can be beneficial for analytical method improvement and
optimization.

The process of analytical method development can be an iterative process involving continuous
improvement in different stages of product development. This process benefits from increased
understanding of the connection with biological activity, and eventually leads to development of
suitable analytical methods that evaluate potency or relevant blologlcal act1v1ty The process also

benefi
and

bein
(see

5.3
product

Qual
therapeutic product should be defined as early as possible during a product developm
Thesle attributes are likely to be based on the scientific bypotheses that define the efficacy 3
the cellular therapeutic product.

Apprjopriate analytical methods and data to ass€ss each quality attribute depend on the
of the cellular therapeutic product. A quality,attribute can depend on the quantification of
components of the cellular therapeutic product(12,

The
quality attribute measurements can be broadly characterized as therapeutic cells, residu
impyrities, and excipients or suspension medium (including transfer medium) (see E
It is
can dlirectly relate to the safety and efficacy (or potency) of the product when determini
meagurements.

Each
categories.

The
defirled cell\populations based on properties of the cells. These properties can include,
limited to:

a)
b)
‘)
d)
e)
f)
g)
h)

nanufacturlng process related effects. Analytlcal method development begms w1th q
of vqrious analytical methods and steadily moves toward validation while also conside
going analytical method verification. Instrument hardware qualification is also an integra
process, e.g. instrument qualification (IQ) and operation qualification (0Q). The.rationale
analytical method development should consider the relationship between the,characteriza

b developed, and how it assesses the intended biological activity of the ¢éllular therape
Annex A).

Defining quality attributes by considering components of a cellular thera

ty attributes important for the manufacturing contrel and product release of

components of a cellular therapeutic product that are important to consider wh

plso important to consider)the complexity of cell populations and their different or

category of acellular therapeutic product's components can be broken down into

cellular.€Component within a cellular therapeutic product can be further categorizg

differences
jualification
ring the on-
part of this
supporting
tion method
utic product

beutic

the cellular
ent process.
ind safety of

components
one or more

en defining
hl and other
igure 1)[12],
igins, which
ng attribute

further sub-

bd into user
but are not

EMOoMIC cCharacteristics;
function;

morphology;

stage of cell cycle;
viability;

specific biomarkers;

cell kinetics;

phenotype.
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The properties measured should be considered to exist on a spectrum as there is a heterogeneity of
cells, which can affect variation in properties.

Inclusion and exclusion criteria for a user-defined cell population in a cellular therapeutic product shall
be specified and documented.

The suspension medium can include biologically-derived or chemically-derived materials or both, as
well as other additives (e.g. preservatives).

Additional definitions and considerations for ancillary materials are provided in ISO/TS 20399-1,
ISO/TS 20399-2, and ISO/TS 20399-3.

NOTE1 Rgsiduals from ancillary material can affect the safety, potency, and purity of the final produat.

Potential infpurities can include, but are not limited to, biological impurities (e.g. unintended.cell$ and
cellular components), adventitious agents (e.g. endotoxin, bacterial and viral contaminants); diss¢lved
gases and volatiles, and non-biological impurities (e.g. extractables, leachables, and other’non-bioldgical
contaminants).

NOTE 2  Biplogical impurities can arise as byproducts from the manufacturing process.
NOTE 3  Cyiteria for identifying different cell populations are both user-defined-and dependent on limitdtions
of the sensitiyity and selectivity of analytical methods. Potential overlap can exist-between cell sub populdtions

due to the coptinuous nature of heterogeneity in cell populations.

NOTE 4  Pqgpulations can be highly heterogeneous and exhibit plasticity:

Composition of the cell sample
AL

Potential . .
Cells impurities Suspension medium
N
/ 7 AN AN
/ / // \\\\ \\
/ Compodition of the cell population / \\\\ N
/ N / // NON
/ / N N
Cell Cell Cell Potential Potential | Potential non- Biologically | Chemically
opulation 1 opulation opulati adventitious biological biological derived derivedl
pop pop || 1T f@\], agents impurities impurities materials materidls
| |
| |
Viahle cells Non-viable
cells
User-defined cell
Morphology % | Mérphology y | Morphology z > populations

With surface Without surface
marker set X marker set X

Figure 1 — Example of components and sub-components for a cellular therapeutic product at a
given time

Quality attributes are generally expressed as a quantification of a specified component of a given
cellular therapeutic product. For example, attributes used to establish identity can be defined by one
or more components, including user-defined cell population(s), and further allows the quantification of
the named component(s). Likewise, purity or impurity can be measured by assessing components that
have been identified as potential impurities.
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Components of a cellular therapeutic product should be listed and considered during the design and
selection of appropriate analytical methods.

It is helpful to consider the intended analytical method purpose and the appropriateness of the
analytical method performance in the analytical method design and selection.

The process to establish quality attributes and their test methods should include:

1) stating the specific quality attribute of interest;
2) stating the intended use of the quality attribute (e.g. in-process testing, release testing);
3) Iisting the quality attribute components (if the specified quality attribute 1s derived fjom multiple
uantities);
4) identifying the biological property(ies) that are intended to be used to evaluate|the quality
ttribute;
5) describing the analytical method(s) established to evaluate the selected biological property/(ies);
6) dlescribing the analytical target profile:
1+ listing the measurement target(s) for the selected analyticalmethod(s);
+ describing performance criteria of the analytical method.
An example for establishing a quality attribute for cell viability is shown in Table 1.
T4ble 1 — Example of a process to establish quality attributes and their analyticalmethods

Analytical target
i i i ofile
Quality Quality attribute Intended Actsll;llbl;t_e Bl?,l;)géﬁ?l Analytical pr
attrjbute description use p prop method(s) | Meas Perfor-
nents ty(ies) uremept | mance
target | criteria
% Cqll Ny =Ny Release |Total cell Cellsthat |Directcell |[Cells Sensitiv-
viabflity |V =100x N testing  |number contain counting; |stained| |ity
t nuclear imaging- |with Preci-
materials |based acridine sion
acridine orange
where Non-viable |Cells with orangg and [celj P'ropolr-
Vis thoedll viability. in % cell number | membranes DAll)I lye |stained| |[tionality
Y o permeable |¢X¢ ESIC‘;“ with Specific-
Nristthe total cell number; to viability metho acriding ity
: . dye orange
mllvr‘;li,setrhe non-viable cell and DAPI

5.4 Design of a matrix of analytical methods

In some cases, a single analytical method cannot provide an adequate measure of a given QA. Multiple
complementary analytical methods that measure different aspects of a quality attribute should be
used, if one analytical method is not sufficient.

Such a collection of analytical methods (or analytical method matrix) can consist of a combination of
biological and non-biological measurements, or non-biological measurements alone. The analytical
method matrix can include analytical methods that give a quantitative readout (e.g. concentration) or
nominal readout (e.g. pass or fail) or both.

EXAMPLE1  An analytical method matrix for viability can include one or more membrane permeability dye(s)
and a metabolic activity assay.
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Analytical methods included in an analytical method matrix should be conducted on comparable
samples to ensure interoperability of the data generated.

Results within an analytical method matrix are not always expected to be linearly correlative. If two
analytical methods are measuring different measurement targets probing slightly different biological
properties, then the result can be interpreted as cumulative rather than confirmatory.

EXAMPLE 2  One cannot necessarily expect identical viable cell count determined by the number of membrane
intact cells and by metabolic activity. Rather, combined results provide a more comprehensive understanding of
different aspects of cell viability on a continuum spectrum.

If qualitative methods are used as part of an analytical method matrix to determine a quality
attribute fof lot release, stability or comparability studies, they should be accompanied by,ome or
more quantjtative methods although in some cases, such as mycoplasma PCR or PCRs for viral agents,
qualitative fesults can be sufficient.

5.5 Design of a fit for purpose analytical method

Well-definegl quality attributes and a clear understanding of their intended usés guide the design of
analytical methods with biological relevance and appropriate performancetcriteria (e.g. selectjivity,
sensitivity, precision, accuracy, robustness, range) to enable subsequent decision-making, resultipg in
fit for purpdse analytical methods.

The intended use of the analytical method guides the fit for purpose€equirements of the measurement.

The measufement target of an analytical method generally“represents a surrogate measurg for
assessing thie biological property/(ies) associated with a qualityattribute.

When an analytical method that directly assesses the.biological property(ies) is not availablg, an
analytical mpethod(s) should be chosen such that the neasurement target is as closely related tp the
biological property(ies) as possible.

The analytifal method should have high specificity for the measurement target without signifficant
interferencq from other components in the gellsample.

The analytical method should be sufficiently sensitive to detect the smallest relevant quantity to
discern relepant changes in the quality attribute using statistical methods.

The analyti¢al method should be Sufficiently robust such that the results are not significantly aff¢cted
by small changes in the meastirement process (e.g. temperature fluctuations, minor sample hanfdling
fluctuationd) as defined by theuser for the intended purpose.

The analytifal method.should also be sufficiently robust for the measurement target such thaf the
results are not significantly affected by small changes in other components of the cell sample| (e.g.
serum conce¢ntratioen; presence of cryo-preservation agents, different batches of analytical reagents).

NOTE Cgllisamples from different points in the manufacturing process can have very different composifions.
In thiS Case, _hc LC}} DQIIIP}CD cdall bC lela}if;cd aud va};datcd DClJal atcl_y dblC tU thC diffl:l CIILC S ;ll thc \,C}} o) mple
components. Alternatively, different analytical methods can be used to evaluate the quality attributes of cell
samples from different points in the manufacturing process.

Appropriate analytical method design should include performance criteria for the test method and
strategies to ensure measurement quality. This can include incorporating replicate measurements,
using sample randomization to reduce biases, and using appropriate measurement controls and
measurement control strategies.

5.6 Selection of instruments
Instruments, including hardware and software, that are applicable to the test method shall be selected.

Instruments shall be capable of carrying out the selected test method.
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Specifications documented for the instruments, including software, can be evaluated and serve as a
basis for selection.

Instruments should be evaluated by the user. The performance of an analytical method should be
evaluated by defining the limit of detection, limit of quantification and dynamic range of the analytical
method using replicated measurements of appropriately prepared calibrants or reference materials.
Analytical method calibration should demonstrate an appropriate dynamic range such that measured
results are proportional to an intended measurement target. Test methods should be conducted on test
materials that represent the cell samples intended to be measured (i.e. representative samples).

Performance criteria should include:

a) gpecificity;

b) gensitivity;

c) T1ange;

d) linearity or proportionality;
e) Trepeatability;

f) accuracy;

g) available proficiency tests.

Evalyiation can also be based on comparability of results to.existing methods or reference nleasurement
procgdures or both.

NOTH If the accuracy of the existing method is unknown or if the precision of the existing mgthod is poor
or bgth, comparability of analytical method results‘to an existing method does not ensure the quality of the
methpd.
Additional considerations for instrumentselection can include, but are not limited to, the fallowing:
1) instrument cost;

2) ¢ost per measurement;
3) fequired sample volume;
4) g¢ase of use;

5) 3nalytical method execution time;

6) (meta)datayrecording or availability;

anufacturing practices (cGMP)[211];

7) :|;1formation on the compliance with regional regulatory requirements [e.g. current good

8) reagent requirements or availability;

9) consumable requirements or availability;

10) versatility for different sample types;

11) versatility to run different analytical methods;
12) ability to optimize analysis parameters;

13) sample preparation requirements;

14) built-in control strategies;

15) instrument-to-instrument variability;
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r-to-operator variability;

17) readiness for translation (e.g. automation friendliness);

18) historic
19) calibrat

al precedence or trust in the method;

ion and maintenance needs;

20) customer support.

5.7

Instrument qualification and maintenance

The selecte]
determined

This includd

a)

installa

b) operatipnal qualification (0Q);

c) perforn
IQ and 0Q s]
PQ should b

Re-qualification should be performed after major maintemance or when the instrumentati

modified.
Instrumenty

Instrument;s
calibration.

NOTE1 C4
with measur
associated m
measuremen

NOTE2 (4
curve, or cali

with associated measurementusncertainty.

Records of d

d instruments, including hardware and software, should be qualified based on
procedures with documented verification of the instruments’ ability to meet requirem

s, but is not limited to:

Fion qualification (IQ);

jance qualification (PQ).
nould be conducted by the instrument manufacturer.

e conducted with representative test samples.

shall be properly maintained.

and software should be planned for periodical maintenance and, when neceg

libration, under specified conditions; firstly, establishes a relationship between the quantity v
ement uncertainties providedyby' measurement standards and corresponding indications

pre-
ents.

ni

sary,

alues
with

pasurement uncertainties. Andsecondly, uses this information to establish a relation for obtaifing a

[ result from an indication:

libration can be expressed by a statement, calibration function, calibration diagram, caliby
bration table. In sonie cases, it can consist of an additive or multiplicative correction of the indid

alibrationsjqualifications and maintenance shall be maintained.

Supply of co

sumables for the instruments and analytical methods should be ensured.

5.8.1 General

ation
ation

A generalized cell measurement process is shown in Figure 2. The process consists of three general

phases:

a)

received in the analytical laboratory.

b)

products that ultimately provide results.

c)

of them.

16

The pre-analytical phase can include sample handling that occurs prior to the time the sample is

The analytical phase generally refers to the “actual” laboratory testing procedures, processes, and

The post-analytical phase culminates in the production of a final value, result, or report or multiple
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The pre-analytical phase can include sample selection and collection, as well as sample processing,
storage and transportation. The analytical phase can include mixing, diluting, and staining of cells,
sampling as well as data collection. The post-analytical phase can include data analysis that can
or cannot require additional user input for setting parameters. Each phase can introduce sources of
variability to affect the measurement outcome.

Control strategies should be implemented to manage sources of variability from each analytical phase.
Control strategies can include, but are not limited to, analytical method validation, incorporation of in-
process measurement controls, the use of reference materials, and the use of experimental design to
systematically examine the quality of a measurement process[13].[14],

St t H d o 3] £ L | £ ralaalis Lolll o d radd
ra leD ustu tu 1ucuul_y dllu ulquasc SUUI LTS Ul ' vdadl 1auuu_y o11dIl UU UUCUITITIITT U,

NOTHE 1  The listed strategies are not intended to be complete, universally applicable, or requirgd for all cell
measjurement processes.

NOTH 2  Upstream activities can significantly impact the measurement results such,as the collgction of cells
and their subsequent processing, storage and transportation steps. Time and temperature for procgssing as well
as stgrage and transportation of test samples can impact the measurement.

NOTH 3  Reagents, consumables, and testing Kits can affect the measurement
NOTE 4  The three phases of the cell measurement process are/jllustrated; other aspects|such as the

complosition of donor samples, reagent sourcing, and sample handling ¢an contribute additional varjability to the
cell npeasurement process.

Pre-analytical phase Analytical phase Post-analytical phpse
» Assurance from service o « Verification that assay meets
broviders * Instrument qualifigfion (IQ, 0Q) specification based on
¢ Quality management system ° gl-;)rocess meta51_1rle ment controls validation studies
» Conformity assessment © Relerence mala’s ¢ Charting
s . Test sample and . .
ample Sample Sampling to nalytical D Data Decigion making/
sel¢ction and — storage and —» obtain'to the — amaeilhocc? 1 ata —> analysisand — uger defined
cpllection transportation test sample . collection storage splecification
preparation
Reagents/
consumable/ « Design of experiments (DOE) to establish robustnesp
testkits « Verification studies
¢ Proficiency testing
* Documentary standards
 Standard operating procedures (SOPs)

Figure 2= Example of a generalized cell measurement process where examples of|potential

pptrols, practices and standards for managing and minimizing sources of variablility are
highlighrnd in the grey boxes

(o)

Annex B shows sources of variability that can be considered when designing and validating a cell
analytical method via Ishikawa (Fishbone) diagram. Other approaches, such as failure mode and effects
analysis (FMEA), can also be used to identify possible failures in an analytical method design.

Frequently, the use of control or reference material should be implemented to ensure the quality at
each or several steps of the cell measurement process, in the case control and reference material is
not sufficient to ensure the quality of the entire cell measurement process. Instead, the use of multiple
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controls and reference material(s) can be implemented to ensure quality at each or several steps of the
measurement process[3].[14],

NOTE 5

Some strategies to reduce the sources of variability are intended to be implemented prior to routine

measurements, while others are meant to serve as in-process controls or comparators during measurement of

the samples.

5.8.2 Sampling and sample preparation

A sampling plan shall be developed.

tive.

The sampli

The state of

anlanshouldensurethatsamunlestalkon for measurement (test samnles) are renresent
o r r C r J r

the cells for testing should be compatible with the sample requirements for the test me

Sample handling for the test method, such as sampling and sample preparation, should minimize da

to the cells ¥
the cells du
account the
measureme

The test sar]
during its pi
preparation

In carrying
prepared in

vith regards to properties that affect the measurement. This is to sustain-characteris

ht results.

‘eparation should be evaluated. When the test sample does-hot have sufficient stabilit
procedure, including manipulation method, should be reviewed.

a single and uniform suspension. Cell characteristics, however, can be deteriorated b

ring measurement. A test sample preparation method should be established, taking
effects of contaminants (e.g. DNA contamination in RNA measurement)‘that can affed

but an analytical method using a cell suspension, it is.semetimes desirable that the cell

thod.

nage
tic of
into
t the

ple should be stable enough to carry out the test method. The stability of the test sample

7, the

s are
[y the

stress (e.g. physical, chemical, or temporal) applied to the cells during the preparation process usgd to
make the cdll suspension. Therefore, sample preparation factors that can affect the cell sample should
be consider¢d.

NOTE Careful pipetting operations are considered:to be useful in preparing uniform test samples| This
method, howgver, is not always appropriate for cells;as it is time consuming and can damage characteristfics of
the cells.

A sufficient jamount of cells should be reserved for the analytical method. When the amount of célls is
limited, the test sample or performancecriteria (e.g. accuracy) or both should be modified based op the
risk-based approach.

The measugement target (e.g.Ceytoplasm, cell membrane, supernatant) should be identified and its
appropriate|fraction should be'sampled for the test method.

5.8.3 Reference materials

Reference materials-can be used to ensure measurement traceability, enable comparison, and verify a
measurement ptocess.

A reference mmatertat should beused foritsimtended purpose based OIT itS Teference vatuets):

Appropriate reference materials should be used for instrument qualification, validation, and

verification.

Appropriate reference materials should be used for analytical method calibration.

Reference materials can also be used for training or proficiency testing.

When available, an appropriate cell-based reference material should be used for its intended purpose.

Suitable certified reference materials should be used, when available.

Certified reference materials should be stored according to supplier instructions and used within its

expiry date.

18
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Certified reference materials should be used in combination with reference methods, where applicable.

NOTE1  Use of certified reference materials can help to ensure a traceability chain.

NOTE 2  Certified reference materials can be used in combination with other reference materials (e.g. a
property value of an in-house reference material can be linked to a certified value of a certified reference
material) to reduce unnecessary use of limited supplies.

NOTE 3 In some cases, reference materials are not yet available for certain analytical methods for cell-
based measurements. Many aspects of characterization and testing of cellular therapeutic products can benefit
from new reference material development, such as fixed cell reference materials for flow cytometry; however,
validation for use in cell therapy manufacturing is still necessary. In some cases, bespoke reference materials

can g considered for the release of final cellular therapeutic proauct batches, Once the relerence
validated for their intended use.

In-hd
Refel
dem

use reference materials should be evaluated for their purpose in a cell measurem
rence values for in-house reference materials should be measured with associated unc
nstrated to be fit for intended use in an examination of nominal properties,

In-hquse reference materials should be prepared from a suitable matexial (e.g. proces
cellular therapeutic product batch material). In-house reference materials should be homo
stable with appropriate shelf life. The reference values of an in-hotise reference materia
veriffed regularly, and storage conditions should be established./A eertificate of analysis
be isfued for in-house reference materials.

5.8.4 Analytical reagents

The quality and consistency of analytical reagents caninfluence the results of the analytic:

Anal
poss

ytical reagents used in sample preparation for measurement should be selected consi
ble effects on the sensitivity, selectivity, and robustness of the analytical method.

Som¢ analytical reagents (e.g. fluorescent “dye, buffer) are not stable over time or uf
envifonmental conditions or both. Céll’measurements should be carried out within t
stabillity range of the analytical reagents.

Forn
meaq

ulation errors of some analytical reagents can cause either overestimation or undere
urement. Acceptable analytical reagent concentration ranges should be determined.

Supplly of analytical reagents and its stability in storage should be ensured.
It is

diffe
analy

possible that seme analytical reagents (e.g. antibodies) are not consistent by lot-ta
Fent suppliefs—or both. Acceptable specifications should be determined prior to
rtical reagents.

5.9 | Decumentation of procedure

aterials are

ent process.
brtainties or

5 sample or
beneous and
s should be
CoA) should

1] method.

dering their

der certain
he accepted

stimation of

-lot or over
using these

ocrmant

The documented analytical method should include, but is not limited to:

a) instrument used and instrument settings;
b) analytical reagents used;
c) sample handling procedures, including for example:
1) sample mixing methods (e.g. mode, speed, duration) as well as wait or hold time
processes;
2) sample transfer procedures (e.g. pipetting);
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3) containers and transferring apparatus;
d) specified time limit for operation;
e) data analysis procedures;
f) use of any calibration, control and reference materials;
g) datato be acquired.

NOTE Background information leading to the test method can be useful. Examples are:

— effect of instrumentontheanalyteatmethod:
— effect ofconsumables on the analytical method;

— information on instrument qualification.

6 Analytical method qualification, validation and continued verification

6.1 General

A plan for |qualification or validation of test method should be made according to applicgtion,
developmenit phase, sample availability, experience, and its circumstanee.

6.2 Analytical method qualification

Analytical 1£1ethod qualification is conducted to confirm that an analytical method performs|to a
reasonable dlegree of reproducibility and is suitable for itsiintended use, under controlled conditiops.

Controlled ¢onditions for an analytical method include, but are not limited to, the use of a spgcific
instrument,|specific reagents, and other conditiens that can affect the analytical method.

The analyti¢al method qualification should demonstrate the capability of the analytical method, ynder
controlled cpnditions, with regards to the ¢haracteristics of:

a) accuracly;
b) repeatapility;

c) specificjity;

d) sensitivjity;

e) linearity or prepoftionality;

f) range.

NOTE Specificity is often evaluated in lieu of selectivity. Selectivity, in general, characterizes the ability of
the analytical method to detect or determine several given species without interference, i.e. independently and
undisturbed by each other and by additional constituents in the sample when more than one species is analysed
in a multicomponent system(19],

The analytical method qualification should confirm that the analytical method meets pre-determined
performance criteria. Performance criteria can be set based on the intended use of the analytical
method and historical data.

Records of qualification can be useful to validate the analytical method.
Points to consider during analytical method qualification can include:

1) interfere or synergy between active substances;
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2) stability of cells in the cell sample;
3) possible aggregation of cells;

4) heterogeneity of the cell population.
6.3 Analytical method validation and continued verification

6.3.1 Validation

Analytical method validation is conducted to confirm that an analytical method is suitable for its
interjded purpose.

Analjytical method validation should be conducted when a new analytical method is iinpleniented, or an
existiing analytical method is used for a new purpose.

Analytical methods should be demonstrated to meet performance criteria.
Perfgrmance criteria of the analytical method should address the followifigyvalidation charpcteristics:
a) 4ccuracy;

b) precision:

— repeatability;

— intermediate precision;

c) gpecificity;

(oW
—
w

ensitivity;

e) limit of detection;

f) limit of quantitation;

g) linearity or proportionality;
h) tfange.

NOTE1 Intermediate precision refers to variability due to within-laboratory variations: different days,
differfent analysis, diffefent equipment, etc.[20],

NOTE 2  The linfitof detection is sometimes referred to as the detection limit and the limit of qpantitation is
someftimes referced to as the quantitation limit[20],

NOTHE 3 | (Ehe list of selected validation characteristics can be dependent on the type and pyrpose of the
analyticahmethod being validated. For example, while the limit of quantitation can be important|for a test for
impurities, it is possible that it is not appropriate for a test for identification.

In addition to these validation characteristics, the following characteristics should be determined in
the case that the analytical method is aimed for routine measurement:

1) robustness;
2) ruggedness;
3) reproducibility.
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NOTE4  Generally, robustness testing evaluates the influence of small deliberate changes in “procedure-
related” method parameters and provides an indication of a methods reliability during normal usage while
ruggedness testing is performed under different test conditions to examine the effects of “non-procedure-related’
factors and can be expressed as a lack of influence on test results of operational and environmental variables on
the analytical method. The purpose of ruggedness testing is to determine the variables (external experimental
factors) that strongly influence the measurements provided by the method and to determine how closely these
variables are to be controlled. After examining reasonable ranges of factors in an experimental method, if it is
said that the factors do not strongly (statistically) influence the measurements or results, then we say that the
method is rugged for the factors over the ranges tested. Ruggedness is considered a measure of reproducibility of
test results under the variation in conditions normally expected from laboratory to laboratory and from analyst
to analystl22],

A multi-variate approach to evaluate eItects of various ractors on method performance can be use .

EXAMPLE Design of Experiment can be used to find ranges for instrument operating parametefs, to

understand s
are response

Representat
Appropriate

In defining {
which canr

limited
stability

ambigu

The results
influence th|

availability of appropriate reference materials;

ample preparation variations, and variations of method precision. Method validation character
variables in the design of experiment approach.

ive samples should be used for analytical method validation.
statistical methods for the design and analysis of laboratory experiments should be ul

he analytical method control space, cell measurements can have the following prope
pquire further consideration:

pvailability of samples for testing;
r of the measurement target;

ty in defining cell states.

e validation characteristics, and their'conformance to test method performance criter

istics

sed.

rties,

bf validation studies should address the-selected validation characteristics, factors that can

a.

Potential sources of analytical method variability and variations from replicates should be taken into
account when reporting results.

Documentafion of validation shduld include justification and rationale and contain sufficient
information|to permit independent statistical analysis and evaluation of the results.

NOTES5 Lgboratory records-that include complete data derived from all analytical methods necessdry to
ensure compliance with established specifications and standards can be maintained.

Use of refer¢nce materials in validation shall be documented.

NOTE 6 C3ases,can exist where no suitable reference material is available for validation. In these ¢ases,
alternative approaches can be applied. For example, for cell counting, practices described in ISO 20391-2 cpn be
applied(8],

NOTE 7  See 5.8.3 for additional information on reference materials.

6.3.2 Continued verification

During routine execution of the analytical method, continued verification should be conducted.
Continued verification is the continual assurance that the analytical method remains in a state of
control (or in the validated state)[21],

A system(s) for detecting unplanned deviations from the validated state should be developed. The
collection and evaluation of information and data about the performance of the analytical method
over time can allow the detection of undesired process variability. Evaluating the performance of the
analytical method can help to identify problems and determine whether action needs to be taken to
correct, anticipate, and prevent problems, so that the analytical method remains in a validate state.
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Data gathered through continued verification can also suggest ways to improve and optimize the
analytical method.

When new cellular samples with unknown characteristics are to be measured, re-qualification or
re-validation of the test method should be carried out. Measurement precision or variability or both
of examined nominal properties observed during re-qualification or re-validation should be within
predefined limits.

While continued verification is performed, the variability can be extracted, and the method used in the
validation can be determined.

6.4 [ Test method performance criteria

The test method performance criteria shall be consistent with the intended use of the\test jnethod.
Test method performance criteria can be predefined by external requirements. Examples J:e tests for:
— ¢ndotoxin level;

— gterility.

Test method performance criteria can be:

— ¢ither quantitative or qualitative;

— defined by performance index or boundary/limit/critexia samples or both.
Test method performance criteria shall be determined-before validation.

Perfgrmance criteria shall be documented.

Docymentation should include justification and rationale for performance criteria and contdin sufficient
information to permit evaluation of the results.

Wheh the test method does not meet performance criteria, the test method should be r¢considered.
Consliderations can include, change of instruments, reagent, or protocols or multiple of therp.

7 Testing of cellular therapeutic products

7.1 | Considerationsfor specifications and release criteria for cellular therapentic
products

7.1.1 General

The gpecification for the cellular therapeutic product should be developed in sufficient detgil to ensure:

a) consistency of the cellular therapeutic product when manuiactured on a routine basis; and

b) that the cellular therapeutic product being produced for use in commercial lots is comparable to
that used for safety tests, clinical trials or previous commercial lots or multiple of them.

Specifications should include:
1) alist of analytical methods;
2) references to analytical procedures; and

3) appropriate acceptance criterial23] that are expected to be met to demonstrate suitability for its
intended use.
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Specifications can be established such that they are appropriate to the stage of the product

development, and acceptance criteria are typically refined and tightened as the product development progresses
towards licensure.

Specifications should also be described for intermediate product acceptance criteria.

Quality attributes and specifications important for the manufacturing process (intermediates) can be
different than for the final product.

7.1.2 Considerations for release criteria for the final cellular therapeutic product

Release cri

manufactur
criteria for f

NOTE 1
establish lim

The final pr

NOTE2  Djq

Testing requiired for release of the cellular therapeutic product shoulddfit within the timescale g

products us

The results
human subj

If results fr

The development program for the release criteria can be guided by a risk analysis 'dnd be us

ng experience obtained during development of the product. Release criteria are accépf
inal product testing and release for use.

ts on CQAs identified during product development or clinical testing or both.
pbduct testing shall be performed on each lot of product manufactured.

epending on the manufacturing process, each dose can be considered a single lot.

pable shelf life.

from final product release criteria testing should be available prior to administratio
bt

pm final product testing are not expected to,be available prior to release or withi

ria for the final cellular H‘\nrapmlfir prndnr‘f should be based on scientific evidence and

ance

ed to

f the

toa

h the

useable shellf life of the cellular therapeutic product or both, an investigational plan should be developed

that can add
the specifie

7.2 Gene

Testing of ¢
identity, cell

Claims to ey
qualified an

Analytical 1
experience.

Analytical

Analytical

]

ress the actions to be taken in the event that the cellular therapeutic product did not
| criteria (e.g. in the case of some types. 0f sterility testing).

ral requirements for the testing of the cellular therapeutic product

bllular therapeutic products‘should include the evaluation of quality attributes relat

aluate quality attributes shall be made based on sufficient data obtained using validat
alytical methods-

ethodsrequired for testing shall at minimum be qualified.

meet

bd to

count, cell viability, purity or impurity(ies), potency or relevant biological activity, stability,
as well as mjicrobiological quality.

ed or

hethods for testing should be selected based on scientific evidence and manufactfiring

ethods rpqnirpr] for tpcfing should be validated

An analytical method matrix may be used in the testing of cellular therapeutic products.

7.3 Testing to evaluate identity of a cellular therapeutic product

Testing of attributes used to establish an identity is important to ensure that the contents of the vial or
container of the cellular therapeutic product are labelled appropriately.

The analytical method(s) to test attributes used to establish an identity shall be specific for the intended
measurement purpose for a given cellular therapeutic product.

The analytical methods to establish identity(s) should be able to:

a)

24

confirm that the manufacturing process has delivered the intended therapeutic cells;
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b) distinguish between multiple cell types, if a cellular therapeutic product is known to require more
than one cell type for the therapeutic effect;

c) distinguish the therapeutic cells from other cells that can reasonably be present in the cellular
therapeutic product;

d) distinguish a cellular therapeutic product from other products processed in the same facility.

NOTE1 Depending on the product, analytical methods for identity can test for donor identity (e.g. STR, HLA

haplotype) or tests for phenotypes or both.

The specification for the identity of a cellular therapeutic product should include one or a matrix of

analy
of th

EXAN
cane
cell ¢
ident

The
phen

A ph
intra
shou
origi
NOTH
popu
consi
mate

NOTH

7.4
The
a)
b)
c)
d)
The |

1

\

q

q

Ftical method(s) to test attributes used to establish identity as necessary to confirm f
e therapeutic cells.

PLE Many cell types can appear similar under different microscope conditions;and the s
khibit different morphologies depending on culture and plating conditions (substrate-and meq
ycling status (i.e. active mitosis or senescence), so morphology alone is often not\a specific co

ty.

Hemonstration of attributes used to establish identity can includé-an evaluation of tH
otype, and other markers of the therapeutic cells.

enotype analytical method can confirm the presence, e absence of established
cellular markers or both, which are characteristic of €ertain cells. The phenotypi
Id also include testing for markers of other cell types that can reasonably be expected |
n of the cells.
2 Although this aspect of characterization fallss more properly within the scope of f
ation, purity and attributes used to establish idéntity are related and the characterization
der the likelihood of undesirable cell types that‘¢ould have been introduced through the cel
Fial or other aspects of manufacturing.

3 Pre-analytical steps, including prelonged sample storage, can change the phenotype of c

Testing to evaluate cell counts within cellular therapeutic products
rell count in predefined céllpopulations shall be documented. In general, cell count car
otal cell count;
riable cell count;
ount of live.or dead cells or both identified as the therapeutic cells;
ount ofuser defined cell population.

pielogical activity of the final cellular therapeutic product is generally dependent upor

he presence

ame cell type
ia) as well as
nfirmation of

e genotype,

surface or
t evaluation
based on the

burity of the
strategy can
ular starting

ells.

1 include:

the various

pful.

activ

itie’s of the r*n”c’ and therefore the measurement of viahle cell concentration can be us

Release criteria shall be established for count of viable cells. See 7.5 for more information on defining

viabi

lity.

Release criteria shall be established for the count of cells identified as the therapeutic cells.

NOTE 1

The discrete number of cells, or cell count is often expressed as cell concentration (i.e. cell count per

volume) when in suspension and area density of cells (i.e. cell count per unit area) when adhered to a surface.

NOTE 2

ands
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tatistical analysis approach to quantify counting method performancelgl.
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Standards are available for general guidance on cell counting methodslZl and an experimental design
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7.5 Testing to evaluate viability of cells within a cellular therapeutic product

The presence of non-viable cells in a cellular therapeutic product can be a concern. Therefore, the ratio
of viable cells to the total number of cells in the cellular therapeutic product should be evaluated.

NOTE 1
therapeutic ¢

ells themselves are composed of non-viable cells.

Non-viable cells are generally considered as an impurity except for the situation in which the

Viability testing shall demonstrate the ratio of viable cells to the total number of cells in the population.

NOTEZ2 Vi

ability is usually expressed as a percentage (i.e. % viability).

Release cri

documented.

The definiti

NOTE 3
Cell health ca

NOTE4 M
meaning that

The user s}
biological pi

Viability shg

7.6 Testi)

feria for viability of cells 1n cellular therapeutic products shall be established

bn of a viable cell can be dependent on the intended use of the viability measurement.

Tlhe definition of a viable cell can sometimes be made such that it expresses the-state of cell h

n be considered as a continuum.

measurements of total cell count, of live or dead count are continually, in-fluctuation.

1all select definitions for viable and non-viable cells baséd on their intended use
operty(ies) selected to distinguish viable from non-viableeells shall be documented.

uld be evaluated for all identified cell populations inthe cellular therapeutic product.

ng to evaluate potency of a cellular therapeutic product

7.6.1 General

Potency is a
Analytical n
the intendeq

7.6.2 Imp

Potency me
in the devel
all phases o

NOTE
the overall re
matrix for po

7.6.3 Ass

concept that describes the ability or¢apacity of the product to produce a predefined r¢
nethods that evaluate potency shallidemonstrate the bioactivity of the therapeutic cel
| use.

ortance of potency as a CQA

isurements are important parts of product release testing as well as comparability sty

[ clinical investigdtion.

levant bj¢logical activity of the product. As such, some analytical methods in an analytical m
tency can*be the same as those used to measure identity and quantity.

and

palth.

Pasurements of viability can be biased due to continual degradation processés within a cell cufture,

The

bsult.
s for

dies,

pbpment of stabilityprotocols and to establish consistently manufactured products dliring

An analyticalymethod that evaluates potency can quantify the therapeutic cells within a product or

bthod

bssiment of potency

The common approach for assessing the potency of biological products is to develop a quantitative
biological assay (bioassay) that measures the bioactivity of the product related to its specific ability
to produce a given result. Bioassays can provide a measure of potency by evaluating a product's active
ingredient(s) within a living biological system. Bioassays can include in vivo animal studies, in vitro
organ, tissue or cell culture systems, or any combination of these.

NOTE 1 invitro or in vivo bioassays or both can be used to measure the biological activity of the cellular active
substance. In cases where development of a suitable bioassay is not feasible for product release (e.g. bioassays
that would take too long to use for release, or are not amenable to validation), surrogate measurement of
biological activity can be used to demonstrate potency, if the surrogate measurement(s) can be substantiated by
correlation to a relevant product specific biological activity(s).

26 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=58248a831f8c04eb8f7599d94b7194ee

IS0 23033:2021(E)

EXAMPLE1 A non-biological analytical method, that is practical and demonstrates adequate performance
characteristics for lot release, can provide extensive product characterization data by evaluating
immunochemical, biochemical, or molecular attributes of the product or multiple of these attributes.

EXAMPLE 2  Biological activity can include for example, the cells‘ ability to produce required functional
proteins, change their phenotype, exert effects on other cells, or respond to stimulus by performing a biochemical
function or multiple of these abilities.

The relevant biological activity of the therapeutic cells should be quantitatively or qualitatively assessed
in terms of the properties or behaviours required to lead to a clinically functional cellular therapeutic

product.

NOTH
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NOTH
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In thle case that the cellular therapeutic product contains more thah'one active ingredien

activi

7.6.4
Anal
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1

Z__ Potency does not necessarily equate to clinical efficacy. A single test 1s unlikely to adequd

product attributes that predict clinical efficacy. Efficacy data from well controlled clinical
rovide evidence that a product has a relevant biological activity, and thus is potent. Analytical
ate potency are still used to quantitatively test for potency for product release.

3 Ideally, the analytical methods that evaluate potency represent the product'smechanism
hnt therapeutic activity or intended biological effect). However, many cell therapy products ]

ely on multiple biological activities) or not fully characterized mechanismsof action (MOA) or
icult to determine which product attributes are most relevant to measuringpotency.

e substance or both, more than one analytical method to measure potency should be c

Requirements for analytical methods that evaluate potency
ytical methods that evaluate potency should:

eflect the product’s relevant biological properities;

b)

)

NOTH
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adeqyiate measure of potency. If pnevanalytical method is not sufficient to measure the product att

indic

7.6.3
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e specifically designed for each product.type;
e based on individual products attributes and components.

Potential non-additive effects-between active ingredients, such as interference or synet
esign of analytical methods totevaluate potency. In many cases, an analytical method cann

htes potency, then an analytieal method matrix can be used.

Design of analytical methods that evaluate potency

rstanding of-attributes that establish a product's potency usually evolves as more k
ired and can ¢hange significantly as a product is developed (see Annex A). An incremen
e implementation of analytical methods that evaluate potency can be beneficial.
rstanding of the biological properties of the cellular therapeutic product is necessary
op“elevant and meaningful measurements of potency. Considerations for establish

and meaningful analytical methods that evaluate potency can include:

tely measure
nvestigations
methods that

of action (i.e.
have complex
both, making

t or cellular
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nowledge is
Fal approach
Appropriate
' in order to
ing relevant

a) evaluation of relevant pre-clinical investigations, proof of concept studies, early clinical studies,
available historical experience, and available reference materials and controls;

b) evaluation of characterization data obtained during product development.

NOTE A wide range of cellular therapeutic product attributes can be measured in addition to tests used

for routine lot release. These exploratory studies can help to assess which product attribute(s) best correlate(s)
with potency. While some of the analytical methods are not practical for lot release, they can provide helpful
information about product attributes related to relevant biological activity or clinical effectiveness, or both.
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