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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
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Introduction

Advances in the field of biological sciences have made possible the generation of a new type of medical
product that when administered to the human body, may repair, replace, regenerate or enhance the
function of impaired tissues or organs.

Extensive experience acquired through the administration of living human cells has yielded solid
knowledge about the quality requirements and the risks associated with their use.

However, the development of tissue-engineered medical products (TEMPs) that are not simply obtained
frgm a human donor or by separating living tissues, but rather are grown from various c}ll sources

anfl are manipulated during manufacture to meet the medical needs of the patient, iiitroduces new
challenges with regard to quality requirements and risk management for the benefit of|patients.

TEMPs utilizing human material are quite diverse but share a set of commong¢gliality requirements
for] their safe use. These kinds of products require special attention for contamiination control, such
as [infectious agents transmitting disease (e.g. hepatitis, HIV, TSE) and harmful chemicals, uhintended
defomposition or degradation induced by inappropriate handling at any.stage of the maniifacturing
process, tumorigenic potential, induction of an immunogenic reaction’in the recipient, tracgability of
cel[ls, critical materials, and the final product are key to product quality and its safe use.

Thiis document has been developed with the objective of,assisting interested partied, such as
mgnufacturers and regulators, establish suitable quality parameters and specifications for the final
TEMPs as well as cells, critical materials, processing steps dnd“appropriate controls ensuring|the safety
of TEMPs.

© IS0 2020 - All rights reserved v
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G

eneral requirements of tissue-engineered medical

products

Th
ex

used in regenerative medicine. With regard to safety,
terials, manufacture, quality control, and unintentional biological effects elicited by, ‘T
fument does not address requirements for clinical trials and efficacy.

is document is not applicable to tissue-engineered products used for diagndsis, ex-vivo
racorporeal treatments of patients (e.g. dialysis with TEMP components).(TEMPs contain

xenogenic cells, genetically modified cells, or cells derived from abnormal cells or tissues (e.g.

tis
ex
is

NO
Sp¢

2
Th

cues) are also excluded from the scope. The combination of TEMPs with medical devices
feption of scaffolds comprised of synthetic and/or naturally-derived\(e.g. animal sourced)
\Iso excluded from the scope.

TE International, national or regional regulations or requiréments, or the Pharmacopeia al
cific topics covered in this document.

Normative references

e following documents are referred to in the text in such a way that some or all of the

testing or
ing viable
cancerous
, with the
materials,

b0 apply to

ir content

copstitutes requirements of this document. For*dated references, only the edition cited applies. For

un

IS(
reg

IS(
pr

IS(

Hated references, the latest edition of the réferenced document (including any amendment

13022, Medical products containing viable human cells — Application of risk managd
uirements for processing practices

/TS 20399-1, Biotechnology —Ancillary materials present during the production of cellular t
ducts — Part 1: General requivements

/TS 20399-2, Biotechnology — Ancillary materials present during the production of cellular t

products — Part 2: Best'\practice guidance for ancillary material suppliers

IS(

/TS 20399-3, Biotechnology — Ancillary materials present during the production of cellular t

products — Part)3/Best practice guidance for ancillary material users

IS(
md

IS(

224424, Medical devices utilizing animal tissues and their derivatives — Part 1: Applicat]
nagement

5) applies.

ment and

herapeutic

herapeutic

herapeutic

ion of risk

22442-2, Medical devices utilizing animal tissues and their derivatives — Part 2: Controls o

1 sourcing,

co

lection and handling

ISO 22442-3, Medical devices utilizing animal tissues and their derivatives — Part 3: Validation of the
elimination and/or inactivation of viruses and transmissible spongiform encephalopathy (TSE) agents

ISO/TR 22442-4, Medical devices utilizing animal tissues and their derivatives — Part 4: Principles for
elimination and/or inactivation of transmissible spongiform encephalopathy (TSE) agents and validation
assays for those processes

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

©lI
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

active substance

substance comprised of manipulated cells, engineered tissues and/or other materials in the finished
TEMP which has biological activity for its intended use

3.2

allogenic
cells, tissyes, and organs in which the donor and recipient are genetically separate individuals of the
same spedies

[SOURCE:|ASTM F2312-11:2020, Clause 4, modified — alternative terms have been removed.]

3.3
autologous
cells, tissyes, and organs in which the donor and recipient is the same individual

[SOURCE:|ASTM F2312-11:2020, Clause 4, modified — alternative terms have been removed.]

34
bioactive|agent
agent (e.gl peptide or protein) produced by (and purified from) naturally occurring or recombinant
organisms, tissues or cell lines or synthetic analogs of such molecules

3.5
cellular therapeutic product
administration of cells to repair, modify or regenerate the recipient’s cells, tissues, and organs or their
structureland function, or both

[SOURCE:|ASTM F2312-11:2010, Clause 4, modified — term has been modified from "cell therapy".]

3.5.1
cell line
progeny of a primary culture after-the first subculture

Note 1 to eptry: A cell line may pefinite or continuous.

3.6
excipient]
material that is preserntin the TEMP (3.18) administered to a patient, other than the active substance(s)

EXAMPLE Gryopreservation components.

3.7
finished TEMP
final formulated TEMP in its immediate container closure

3.8
genetically modified
having an altered or modified genetic material

[SOURCE: ASTM F2312-11:2020, Clause 4]

3.9
lifespan
period during which something exists

[SOURCE: ISO 19108:2002, 4.1.21]

2 © IS0 2020 - All rights reserved
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3.10

medical device

instrument, apparatus, implement, machine, appliance, implant, reagent for in vitro use, software,
material or other similar or related article, intended by the manufacturer to be used, alone or in
combination, for human beings, for one or more of the specific medical purpose(s) of:

— diagnosis, prevention, monitoring, treatment or alleviation of disease;
— diagnosis, monitoring, treatment, alleviation of or compensation for an injury;

— _investigation, replacement, modification, or support of the anatomy or of a physiological process;

— | supporting or sustaining life;
—| control of conception;
—| disinfection of medical devices;

—| providing information by means of in vitro examination of specimens-derived from the human
body; and

—| does not achieve its primary intended action by pharmacological, immunological or |metabolic
means, in or on the human body, but which can be assisted in its intended function by su¢h means

[SOURCE: ISO/IEC Guide 63:2019, 3.7]

3.11
medical product
mgdicinal product (drug), biological product, medicaldevice or a combination of these

[SOURCE: 1SO 13022:2012, 3.4]

3.12
angillary material
AN

mdterial that comes into contact with'the TEMP during manufacturing, but is not intended to|be part of
the final product formulation

Nofe 1 to entry: AMs exclude ngn-biological consumables (e.g. tissue culture flasks, bags, tubing, pipett¢s, needles)
andl other plasticware that canies into contact with the TEMP or its components, but include consumgbles which
haye a biological componént (e.g. coated dishes or beads).

Note 2 to entry: AMstexclude cells (e.g. feeder cells).

Nofe 3 to entry: o Some cases, AM is described as raw material.
[SOURCE:ISO/TS 20399-1:2018, 3.1]

3.13

regenerative medicine
process of repairing, replacing, or regenerating human cells, tissues or organs to restore or establish
normal function

[SOURCE: PAS 84:2012, 2.266]

3.14

scaffold

support or structural component or delivery vehicle, or matrix, consisting of synthetic and/or naturally-
derived material(s), for modulating the biological properties (including, but not limited to, adhesion,
migration, proliferation, differentiation) or transport of administered and/or endogenous cells and/or
binding/transport of bioactive agents

[SOURCE: ASTM F2312-11:2020, Clause 4]

© IS0 2020 - All rights reserved 3
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starting material
cells, tissues and/or additional substances, e.g. scaffolds, biomaterials, bioactive agents, which
constitute the intended integral components of a TEMP

3.16
tissue

aggregation of specialized cells united in the performance of one or more particular function(s)

[SOURCE:

ASTM F2312-11:2020, Clause 4]

3.17

tissue en
discipline
intended ¢

3.18

tissue-engineered medical product

TEMP

medical p
and/or n
recipient’s

[SOURCE:
3.19

xenogeni
cells, tissu

[SOURCE:

3.20

validatio
confirmat
use or apyl

Note 1 to eptry: The objective evidence needed for a validation is the result of a test or other form of determinat]

such as pe
Note 2to e
Note 3toe

[SOURCE:

4 Gend

bineering
that combines the principles of engineering and biology to obtain biological stibstitu
o regenerate, replace, modify, repair, or restore the function of tissues and organ$s

roduct consisting of manipulated cells and/or engineered tissues, with or without a synthe
hturally-derived scaffold, that repairs, modifies, replaces, restores, or regenerates
cells, tissues, or organs or their structure and function, or both

ASTM F2312-11:2020, Clause 4]

C
es, and organs in which the donor and recipient bélong to different species

ASTM F2312-11:2020, modified — alternativeiterms have been removed.]

h
ion, through the provision of objective evidence, that the requirements for a specific inteng
lication have been fulfilled

forming alternative calculations or reviewing documents.
htry: The word “validatéd” is used to designate the corresponding status.
ntry: The use conditions for validation can be real or simulated.

[SO 9000:20%5;73.8.13]

'ral requirements for tissue-engineered medical products

A TEMP mpay contain manipulated cells and/or engineered tissues, with or without a synthetic and

tes

tic
he

ed

ion

or

naturally-derived scaffold as defined in 3.14. The quality control of any components and the finished
TEMP shall be performed at the manufacturing processes and entire lifespan. The following aspects
should be considered when defining the critical quality parameters for TEMPs and are discussed in
further detail in this document:

— The presence of adventitious agents shall be minimized.

— The presence of deleterious excipients shall be minimized.

— TheT

EMP manufacturing process shall be adequately controlled and validated.

— Any necessary cell manipulation shall be assessed for tumorigenic potential.
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Materials that can cause severe harm to the patient by eliciting an immunogenic reaction
excluded.

The traceability of cells, critical materials and the final product is key to product qualit
use of the TEMP.

The TEMP shall elicit the intended therapeutic effect.

:2020(E)

should be

y and safe

Due to the complex nature of TEMPs, a risk-based approach should be applied to determine the extent of
manufacturing information, non-clinical and clinical data to be included in the technical documentation

rel

NO|

pr
an
m4
qu
da

A
iny
ma3
thd
trg

q

A
an

—t

A d

a description of the TEMP manufacturing methods shall be provided. The interaction and con

be
be

Fig

Th
th{
ce

gorefer to ISO 13022:2012, Annex I. In the processing of TEMPs, reduction of the potential fo

ating to the quality control, safety, and efficacy of the TEMP when used as intended.

TE Non-clinical data encompasses specifically both pre-clinical (animal) and in vitro data¢

risk management should be conducted according to ISO 13022:2012, Clause~4 @nd s
entire development of the TEMP. Risk factors to be considered include, but afteynot limi
origin (autologous vs. allogenic) and cell type (e.g. primary cells or cell lines) and exte
cessing, the ability of the cells to proliferate and/or differentiate, the ability-of the TEMP
] sustain an immune response, the combination of cells with bioactivé/agents and/or

terials (e.g. scaffold materials), the mode of administration and intended use, and the

hlity (e.g. purity) of process materials. Relevant experience (i.e, @vailable non-clinical a
fa) with other similar types of TEMPs can also be considered in the risk analysis.

Hescription of the traceability system that the marketing{authorization holder, spons
estigator intends to establish and maintain shall be proyvided. The finished TEMP and i
terials, excipients, and ancillary materials, including, all substances coming into cor

active substance(s), should be traceable through<sourcing, manufacturing, packaging
nsport, and delivery to the clinical site where the pboduct is administered.

 extrinsic contamination of the finished TEMP should be considered.

escription of the chemical and physicakcharacteristics and functional performance of the

fween cells and/or tissues and the structural components as well as the interaction and con
fween the TEMP and host tissue, i.e. biocompatibility, shall be described.

ure 1 shows a graphic representation of the risk management process for TEMPs.

hall cover
ed to, the
ht of their
to initiate
structural
rigin and
d clinical

pr and/or
S starting
tact with
I, storage,

r intrinsic

TEMP and
hpatibility
hpatibility
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Risk analysis process:
Intended use of the product

l

Identification
of hazards and

evaluation of
risk

:

I Risk regarding I

' : : l

Adventitious agents: Biological response: Cells: Scaffold and scaffold
Bacterfa, mold, yeast, Immunologic, pyrogenic, Autologous vs. allogeneic, components:

parasifes, viruses, and tumorigenic potential, and processing, ability to SO_ur_CE. struc_tural components,
other ihfectious agents toxicological reactions proliferate/differentiate, origin of ancillary materials,

presence of bioactive purity, bigegmpatibility,
agents, mode of mechanical, chemical and

dministration /intended physicalproperties, and
administration/intended use degfadation (if applicable)

Yes

Risk/benefit New assessment

acceptable of product

Figure

5 Mate

5.1 Ger

For all majterials used intlie‘/manufacturing of TEMPs, including starting materials, ancillary materig
ents, the acceptance criteria shall be defined for their suitability for their intended use gnd
baluated through risk-based assessments prior to use. For all materials derived from hunjan

and excip
shall be e
and anim

their intended use and shall be in compliance with ISO 13022 and ISO 22442-2.

Post-production Compile report Product
information for risk not
system management-file acceptable

1 — Graphic representation of the risk management process for TEMPs (adapted and
modified fromdS0 13022:2012, Annex B)

rials

jeral

il origin, the stringent sourcing requirements shall be also adequately defined according

5.2 Sta

o - =1
LG HIdCTIdIS

5.2.1 Cells and tissues

Cells used for TEMPs may include primary cells or cells lines.

For cells or tissues of autologous or allogenic origin, summary information shall be provided on donor
qualification (e.g. screening and testing), donation, procurement, tissue origin and cell type, and
precautions taken to prevent the spread of the transmissible agents. Pooling of cells from different
donors shall be justified, and the risk analysis shall address the possibility that the pooling of allogenic
cell populations may increase the risk of undesired immunological responses in the recipient as well
as transmission of infectious agents. If it is necessary to pool cells from different donors, the pooling

strategies and measures to ensure traceability shall be described.

6

Is,

to
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A master cell bank (MCB) and working cell bank (WCB) may be established for the manufacture of
TEMPs. For cells obtained from a well-defined cell-banking system, summary information shall be
provided on the history, source, derivation, materials used during derivation, culture and storage, and
their characterization.

The characterization and testing of cells include, but are not limited to, cell count, viability, identity (e.g.
phenotype, genotype or other markers), purity (e.g. identification and qualification of contaminating
cells), adventitious agents (e.g. microbial, mycoplasma, virus, and prion), endotoxins, potency (e.g.
relevant activity, cell maturation), karyology, tumorigenicity and suitability for the intended use. The
genetic and phenotypic stability of the cells should also be demonstrated.

NOTE1  Cellular therapeutic product technologies can be applied in tissue engineering to generdte [TEMPs.
NOTE 2  The requirements of ISO 13022 (section 4 and Annexes) apply for the human cellular part of the
praduct.

NOTE 3  Therequirements of ISO 20387 (all parts) apply for biobanking.

5.2.2 Scaffolds and other substances

Scaffolds and other substances, such as bioactive agents, that aré-used to construct or fonstitute

engineered tissues or that are combined with cells to form the final formulated TEME shall be
considered starting materials.

For scaffolds, summary information on the safety, suitability;’and biocompatibility shall be|provided.
The physical, mechanical, chemical, degradation (as applicable), and biological properties of the scaffold
sh

SC4
acd

Fo
inf]
sh

11l be taken into account. The testing regimen of scaffolds shall also be described and jusg
ffolds that fall under the definition of a medical<device, biocompatibility should be con
ordance with ISO 10993-1.

" other substances, such as bioactive agents’and chemical substances used as a starting
prmation on the origin, manufacturingigrade, safety, purity, potency, and suitability for
11l be provided. The chemical and biglogical properties or activities (e.g. the effects on tl

tified. For
ducted in

material,
the TEMP
he cells or

tispues) shall be taken into account:'The testing regimen shall concentrate on the aforementioned
parameters. For those agents that aré not approved or regulated as drugs or biologics, pre-clinical data
should be taken into account and the interaction with cells and/or tissues and any in vivo efferts should
be|studied.

NOTE The use of an apprioved drug is recommended, if applicable.

Fol animal-derived.substances, e.g. scaffold, information on the source of animals (such as geggraphical
origin, animal husbandry, age), specific acceptance criteria, measures to prevent and monitor
inflections in the’source/donor animals, testing of the animals for infectious agents, including|vertically
trgnsmitted-microorganisms and viruses, and evidence of the suitability of the animal facilities shall
be[providedAdditionally, the viral safety shall be considered in the risk assessment and ghall be in
compliatice with the ISO 22442-3.

5.3 Ancillary materials

Ancillary materials as defined in 3.12 are materials used during the manufacturing process for the
purposes of cellular growth, differentiation, selection, maturation, or other critical manufacturing
steps. Examples include culture media, additives (e.g. fetal bovine serum, growth factors, cytokines,
monoclonal antibodies, antibiotic), digestion enzymes (e.g. trypsin, collagenase), cell separation
or purification agents. Such materials are not intended to be components of the final TEMP and are
intended to be removed.

Summary information shall be provided, including the list of all the ancillary materials used in specific
manufacturing steps, species origin, supplier, the quality and grade (e.g. clinical grade), manufacturing
condition (e.g. GMP-manufactured) and the concentration used in the specific manufacturing steps.
The testing regimen of ancillary materials shall be described and justified in terms of identity, purity,

© IS0 2020 - All rights reserved
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sterility, functionality or bioactivity and absence of adventitious agents. Further, the acceptance criteria
for each ancillary material shall be defined. Any materials of animal origin used as ancillary material
shall be in compliance with the ISO 22442 series.

For ancillary materials presenting potential toxicities to the recipient, the acceptance criteria limits
shall be defined and controlled by sensitive and quantitative assays in the manufacturing processes or
in the finished TEMPs. The analysing procedures to be used shall be described and fully validated.

Relevant standards, such as ISO 20399 series shall be considered. A cellular therapeutic product(s) may
be incorporated in the processing of TEMPs. As such, ancillary materials can have implications with

regard to the caﬁ:fy and effectiveness of a cellular fhprnpmlﬁr‘ prndnr‘f and r‘nncar}nnnf]y} the finished

TEMP. Appropriate control of ancillary materials is determined by a risk-based approach.

5.4 Exdipients

Informatipn on excipients present in the finished TEMP shall be provided, includinig a list of |all
excipientd, their source, concentration, qualification and a rationale for the use of each excipient. The
interactiop(s) between the cells or tissues with the excipients should be charactérized. Informatjon
demonstrpting that materials meet standards appropriate for their intended use\shall be provided.

For excipjent(s) used for the first time in a TEMP in humans or administered via a novel route| of
administration, full details of manufacture, characterization, and controls, with cross references| to
supporting safety data, both non-clinical and clinical, shall be proyvided. A document containing the
detailed validated processes for chemical, pharmaceutical, and /bielogical characterization shall|be
provided.

For each excipient, the specifications and their justifications shall be detailed. The analytical procedufes
shall be d¢scribed and fully validated.

6 Manpfacturing process

The manufacturing process shall be validateéd-to ensure lot/batch and process consistency, proper
differentigtion status and functional integrity of cells, tissues, and finished TEMP throughput
manufactyiring and transport up to the moment of administration of the TEMP. If cells are grojvn
directly ipside or on a scaffold, information shall be provided on the validation of the cell cultfire
process wlith respect to cell growth{ function and integrity of the construct.

For the processing of TEMPs, ©ne should consider reducing the potential for an increase of intrinsic
contamingtion of the produét-and avoiding extrinsic contamination of the product. Starting materials
for the production of TEMPs can contain contaminants not normally considered during the processing
of medical devices and-drug products. Special consideration for the prevention, removal or inactivatjon
of such cgntaminants-~during processing of TEMPs can be required where indicated by process rjisk
assessment. For thie control of microbial risk during processing of cells, tissues and finished produgts,
ISO 18362 may. be referenced. Unintended decomposition or degradation of the TEMP induced |by
inapproprjiaté-handling at any stage of the manufacture process shall be avoided.

7 Characterization and control strategy

For each TEMP, a characterization and control strategy shall be established which should cover each
step of the product manufacturing including the control for the materials used, in-process and the
finished TEMP. The parameters, e.g. critical quality attributes, starting materials and other materials
used, manufacturing processes, intended use, and risk evaluation shall be considered in measuring and
ensuring the desired product quality.

The characterization and control of materials, including the starting materials, the ancillary materials
and excipients, have been described in Clause 5. For the finished TEMP, the viability, lifespan, growth,
differentiation of cells in the TEMP and the potential of the migration of cells into the surrounding tissue
shall be investigated (e.g. imaging techniques such as PET scan). When applicable, the extracellular
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