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I am delighted to introduce this new BSI publication that follows on from the 

successful previously published PAS 83 and PAS 84. It is of great importance to 

the UK that we not only provide new and innovative medicinal and healthcare 

products to an ageing population, but also develop the wealth creating 

industries that will serve this growing need.

The field of cell therapies, including regenerative medicine, is rapidly advancing 

and the UK has particular strengths in this area, as demonstrated by a recent 

report from the Office for Life Sciences “Taking Stock of Regenerative Medicine 

in the UK”. The Government intends to bolster and grow the UK’s global position 

in the technology and to support its translation into practical medical therapies.

PAS 93 is a crucial repository of knowledge that will guide developers of new 

cell therapy products towards successful commercialization and adoption of the 

technology. It is the first of its kind in the world and is a good example of how 

UK academia, industry and Government can work in partnership to deliver real 

economic and social benefits through standardization. BSI has a crucial role to 

play in harnessing and delivering such knowledge and I encourage all relevant 

stakeholders to consider how they could use standardization to deliver benefits 

such as this.

Rt Hon David Willetts MP
Minister for Universities and Science

Ministerial statement

http://dx.doi.org/10.3403/30139919U
http://dx.doi.org/10.3403/30213318U
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Foreword

Relationship with other publications

This PAS complements PAS 83, Guidance on codes of 
practice, standardised methods and regulations for 
cell-based therapeutics – From basic research to 
clinical application 1), which exemplifies the place
of characterization in the context of the overall 
development process for a cell therapy product.

The terms and definitions given in PAS 84, Regenerative 
medicine – Glossary 1), apply to this PAS.

Presentational conventions

The provisions in this standard are presented in roman 
(i.e. upright) type. Its recommendations are expressed 
in sentences in which the principal auxiliary verb is 
“should”.

Commentary, explanation and general informative 
material is presented in italic type, and does not 
constitute a normative element.

Contractual and legal considerations

This publication does not purport to include all the 
necessary provisions of a contract. Users are responsible 
for its correct application.

Compliance with a PAS cannot confer immunity from 
legal obligations.

1) Under revision.

Acknowledgement is given to Alison Wilson as technical 
author, Damian Marshall for developing the annexes on 
the cell characterization techniques, and the following 
organizations that were involved in the development 
of this PAS as members of the steering group:

• BioPharmaceutical Solutions Ltd

• Cell Data Services

• Consulting on Advanced Biologicals

• Department for Business Innovation & Skills (BIS) – 
Office for Life Sciences

• Department of Health

• LGC

• Loughborough University – Centre for Biological 
Engineering

• National Physical Laboratory

• University College London

• University of Sheffield – Centre for Stem Cell Biology

Acknowledgement is also given to the members of 
a wider review panel who were consulted in the 
development of this PAS.

This PAS is published by BSI which retains its ownership 
and copyright. BSI reserves the right to withdraw or 
amend this PAS on receipt of authoritative advice that 
it is appropriate to do so. This PAS will be reviewed at 
intervals not exceeding two years, and any amendments 
arising from the review will be published as an amended 
PAS and publicized in Update Standards.

This PAS is not to be regarded as a British Standard. 
It will be withdrawn upon publication of its content in, 
or as, a British Standard.

The PAS process enables a specification to be rapidly 
developed in order to fulfil an immediate need in 
industry. A PAS may be considered for further development 
as a British Standard, or constitute part of the UK input 
into the development of a European or International 
Standard.

This Publicly Available Specification (PAS) was commissioned by the Department 

for Business Innovation & Skills (BIS) and its development was facilitated by the 

British Standards Institution (BSI). It came into effect on 31 August 2011.

http://dx.doi.org/10.3403/30139919U


v

PAS 93:2011

© BSI August 2011

Introduction

The US also recognizes human cell/tissue products 
(HCT/Ps) which are not subject to pre-marketing 
approval but are regulated solely under Section 361 
of the PHS Act [3] and Title 21, Part 1271 of the Code 
of Federal Regulations (21CFR1271) [5] (establishment 
registration, donor eligibility requirements and good 
tissue practices). The information in this PAS could be of 
interest to developers of HCT/Ps, however, there is no 
current regulatory requirement for the characterization 
of HCT/Ps. Cell therapy products as covered in this PAS 
are not specifically defined by US legislation but are 
regulated under the category of biologics.

This PAS provides general guidance applicable to all cell 
therapy products and also guidance specific to licensed 
biologics and ATMPs.

Approval of a medicinal product requires the 
submission of a marketing authorization application to 
the appropriate regulatory authority. The application 
contains all of the known information concerning the 
quality, safety and efficacy of the medicinal product.

In the EU, the Marketing Authorisation Application 
(MAA) is submitted to the relevant authority: the 
European Medicines Agency is responsible for 
authorization of ATMPs in Europe.

In the US, the application is known as New Drug 
Application (NDA) for products regulated as drugs, 
and a Biologics Licence Application (BLA) for products 
regulated as biologics. The scientific information 
requirements are similar to those expected in the 
EU. The relevant authority is the Food and Drug 
Administration. Description of the regulatory frameworks 
in the EU and the US is beyond the scope of this PAS.

This PAS is designed to provide guidance on the 
characterization of human cells for clinical applications. 
It complements PAS 83, which exemplifies the place 
of characterization in the context of the overall 
development process for a cell therapy product.

An overview of the scope of PAS 93 is illustrated in 
Figure 1.

Terms used in this PAS are defined in PAS 84, a glossary 
for cell therapy and regenerative medicine.

For clarity, this PAS differentiates between the terms 
“cell therapy product”, “medicinal product” and 
“advanced therapy medicinal product” (ATMP).

Cell therapy product is the broadest term used in the 
PAS and aspects discussed in the context of cell therapy 
products are applicable to all products consisting of or 
containing human cells.

In the EU, a medicinal product is one that is subject to 
the regulatory framework set out in European Directive 
2001/83/EC [1] for the authorization, control and 
marketing of medicines. Medicinal products require 
prior approval from regulatory authorities before they 
can be used in clinical trials or sold in any country of 
the European Economic Area.

An ATMP is a cell-based (or gene-based) product that 
is subject to the general provisions of the regulatory 
framework for medicinal products and also to the 
specific provisions of Regulation (EC) No 1394/2007 [2].

The PAS also includes reference to US requirements. 
The US regulates most cell therapy products as 
biologics. This legal category is distinct from drugs (US) 
but the requirements are broadly comparable, and 
biologics require prior approval from the Food and 
Drug Administration (FDA) under Section 351 of the 
Public Health Services Act (PHS Act) [3] and relevant 
sections of the Food, Drug and Cosmetics Act (FD&C 
Act) [4] before they may be used in clinical trials or 
marketed in the US.

http://dx.doi.org/10.3403/30139919U
http://dx.doi.org/10.3403/30213318U
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Figure 1 – Overview of PAS 93 scope

Within PAS 93

Guidance on the 
characterization 
of human cells 

used to produce 
cell therapy 

products 

Need for 
characterization 

of cellular starting 
materials and 
cellular active 

substances

Characterization 
parameters 

including identity, 
cellular purity, 

cellular impurities, 
biological activity 

& viability

Examples of 
suitable cell 

characterization 
techniques

Excluded from PAS 93

Complete
characterization

programmes

Characterization 
of the 

manufacturing 
process

Quality systems 
used to retain 

a state of 
control when 
carrying out 

characterization

Safety testing of
cells and cell

therapy product

Xenografts, 
xenogeneic 
feeder cells, 

whole organ or 
bone marrow 
transplants, 

blood 
transfusions

http://dx.doi.org/10.3403/30213318U
http://dx.doi.org/10.3403/30213318U
http://dx.doi.org/10.3403/30213318U


1

PAS 93:2011

© BSI August 2011

The guidance in this PAS is applicable to the 
characterization of human cells in the context of EU 
and US regulation of cell therapy products, but it will 
be broadly relevant to all regions/markets that accept 
or refer to International Conference on Harmonisation 
(ICH) guidance in the regulation of biological medicinal 
products including cell therapy products.

This PAS is not a manual for developing a cell therapy 
product and does not cover:

a)  complete characterization programmes;

b)  characterization of the manufacturing process;

c)  quality systems used to retain a state of control 
when carrying out characterization;

d)  safety testing of cells and cell therapy products; and

NOTE Requirements for safety testing of cells and 
cell therapy products are addressed in detail in 
relevant legislation and guidance documents.

e) xenografts, xenogeneic feeder cells, whole organ or 
bone marrow transplants and blood transfusions.

This PAS gives guidance on the characterization of 
human cells being developed for clinical applications.

This PAS is not a regulatory guideline, but gives 
guidance on the need for characterization of cells  
and key current, available cell characterization 
techniques. The choice of characterization techniques 
needs to be made by the developer on a case-by-case 
basis depending on the intended use of the cells.

This PAS covers the need for the characterization of 
cellular starting materials and cellular active substances 
and the characterization parameters (including identity, 
purity, cellular impurities, biological activity and viability).

This PAS is intended for use by organizations and 
individuals with an interest in the development of 
human cells for clinical applications including academic 
groups, small and medium sized enterprises (SMEs) and 
larger industrial manufacturers and the general public.

1 Scope

2 Terms, definitions and abbreviated terms

2.1 Terms and definitions

For the purposes of this PAS the terms and definitions 
given in PAS 84 apply.

2.2 Abbreviations

ATMP advanced therapy medicinal product (EU)

BLA biologics licence application (US)

CBER Center for Biologics Evaluation and 
Research (US)

CBMP cell-based medicinal products

CDER Center for Drug Evaluation and Research (US)

CHMP Committee for Medicinal Products for 
Human Use (EU)

EMA European Medicines Agency 

EU European Union

FDA Food and Drug Administration (US)

FD&C Act Food, Drug and Cosmetic Act (US) 

HCT/P human cells, tissues and cell and 
tissue-based products (US)

HSC haematopoietic stem cell

ICH International Conference on Harmonisation 
of Technical Requirements for Registration 
of Pharmaceuticals for Human Use

MAA Marketing Authorisation Application (EU)

MSC mesenchymal stem cell

NDA New Drug Application (US)

PHS Act Public Health Services Act (US)
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3 The need for characterization

A detailed understanding of the properties of the 
cellular starting material and the cellular active substance 
is essential in order to control the quality, and therefore 
the safety and efficacy of the cell therapy product. 
Characterization data should be accumulated during 
the development process. This will allow the developer 
to define appropriate test methods and establish 
detailed release specifications controlling identity, 
purity and potency of the cellular starting material and 
the cellular active substance. If adequate characterization 
is not undertaken during development, it could be 
difficult to justify the choice of test methods selected 
for routine control of the cells, and demonstration of 
comparability following process changes might be 
problematic without non-clinical and/or clinical 
comparability studies.

The regulatory authorities in the EU, US and in 
other jurisdictions have indicated that reliable and 
comprehensive characterization data are essential to 
underpin many of the most critical aspects of control of 
medicinal products; this is a principle set out in ICH and 
regional guidelines. Owing to the immense structural 
and functional complexity of a single cell the regulatory 
authorities require detailed characterization of both 
the cells and the cell therapy product to which they 
contribute. The influence of culture processes and 
environment on viable cells requires that characterization 
of the cell therapy product is as necessary as that for 
the cellular starting materials and the cellular active 
substances. Furthermore, the range of possible cell 
therapy products is vast, and current formal guidelines 
do not (cannot) specifically cover every eventuality, 
so the developer has a considerable responsibility to 
develop and defend their individual understanding of 
the cells’ characteristics and how they contribute to the 
finished cell therapy product.

Assessment of the impact of process or material changes 
should be undertaken using as much characterization 
data as exists at that point in development. The potential 
impacts should be considered in advance, with prospective 
assessment of likely impacts planned before the change 
is made. The acceptance criteria on which comparability 
will be made should be pre-defined. A detailed record 
of all changes made during development and an 
assessment of their impact on the quality, safety and 
efficacy of the product will be required for marketing 
authorisation.

3.1 Scientific need for characterization

Characterization of cells used for clinical application 
involves an integrated assessment of the identification 
and properties of the cells, both as a cellular starting 
material and as the cellular active substance for a cell 
therapy product. The characterization of cellular 
starting materials and cellular active substances is a 
key part of the development of cell therapy products; 
its place in the overall development is exemplified 
in PAS 83.

There is a need to characterize both the cellular starting 
material and the cellular active substance, as a clear 
understanding of how the cells behave throughout 
the manufacturing process is essential in assessing 
the impact of processing changes or changes in the 
materials used on the cells and thus the finished cell 
therapy product. The quality, safety and efficacy of 
the product is intricately linked to the manufacturing 
process. Because cells cannot be fully characterized in 
the laboratory, developers should optimize product 
consistency, quality, and purity by ensuring that the 
manufacturing process remains the same over time and 
that any necessary changes are affected in a controlled 
manner. At the same time, the developer should 
develop tools (assays) that can be used as evidence 
towards confirming that the critical characteristics 
of the cells have not been altered.

Characterization is required for:

a) product development – to ensure that the relevant 
properties of the cellular starting material and the 
cellular active substance are adequately understood 
and can be controlled; and

NOTE It is important to understand the attributes
of the cells that are most important for the function 
of the cell therapy product, and the effects that 
changes in the manufacturing process may have 
upon them. The extent to which critical properties 
can vary without affecting the overall cell therapy 
product needs to be elucidated.

b) comparability – to establish whether changes (for 
example, scale-up of manufacture, introduction of a 
new material) are likely to impact upon the safety 
or efficacy of the cell therapy product.

http://dx.doi.org/10.3403/30139919U
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Even the most fundamental concept such as the identity 
of the cells often cannot be confirmed by reference to 
the simple tests required for identification of chemical 
drugs or conventional biological drugs. 

The regulatory requirements for medicinal products 
(EU) and biologics (US) include an obligation for the 
developer to identify that the cellular starting material 
or cellular active substance is the intended one and 
that it is present in the cell therapy product. This might 
include the ability to determine a range of specific 
parameters such as differentiation status, presence 
or absence of phenotypic markers, demonstration 
of functional abilities (differentiation, proliferation, 
expression of relevant proteins) and appropriate cell 
age. The identity test(s) should be specific: no other cell 
type that could be a potential undesirable contaminant 
should be capable of giving the same response as the 
desired cell population. Beyond identity, the cellular 
population requires characterizing in terms of purity 
(presence of unintended cell types, cellular fragments 
or DNA) and the specific biological activity(ies), which 
is/are necessary for the cell therapy product to be 
efficacious.

The cells used to produce cell therapy products can be 
sensitive to changes in the manufacturing process that 
could significantly affect the nature of the cell therapy 
product and its in vivo biological effects. Critically, these 
changes might not be readily detectable using routine 
control tests (for example the unexpected upregulation 
of a previously minor cytokine that is not assayed for in 
the cell therapy product), and therefore the developer 
should develop reference data, much of which will not 
be needed on a routine basis, against which to evaluate 
the impact of process changes. To ensure that a 
manufacturing process remains the same over time, 
developers of cell therapy products should tightly control 
the source and quality of cellular starting materials 
and cellular active substances, and consistently employ 
rigorous process controls, appropriate reference 
materials, and trending to assure consistent and 
predictable manufacturing outcomes.

A clear understanding of how the cells behave throughout 
the manufacturing process is essential in order to:

a)  assess the impact of processing or material changes 
on the cells and thus the cell therapy product; and

b)  demonstrate that changes to the process or 
materials have not adversely affected the cell 
therapy product.

NOTE Characterization data may be used to show that 
studies performed with earlier iterations of the product 
or the process are still relevant for the assessment of 
the final product during the MAA/BLA process.

The characterization of cells involves assessing their 
properties across a broad range of aspects. Information 
on cell characterization techniques is given in Annex A.

3.2 Regulatory need for characterization

3.2.1 General

Characterization is discussed in a number of legislative 
and guidance documents (see 3.2.2 to 3.2.4).

EU law is represented by the text of the Directives 
and Regulations, and in the national transpositions 
of Directives by the Member States. Guidelines are 
produced by the European Medicines Agency (EMA) 
and other agencies to reflect the state of regulatory 
expectations in the interpretation of the laws themselves.

The US regulatory framework for biologics is established 
by the PHS Act [3] and the FD&C Act [4]. The Acts are 
supported by specific text published in the Code of 
Federal Regulations (CFR), which stipulate the requirements 
to be met in order to comply with the Acts, and by 
individual guidance documents published by the Center 
for Biologics Evaluation and Research (CBER) and 
Center for Drug Evaluation and Research (CDER).

Applications for authorization of medicinal products 
are required to include detailed scientific justifications 
in situations where the approach recommended in the 
EU and ICH guidelines is not adopted by the applicant.

Attention is drawn to additional US and EU published 
guidance documents that are specific to particular 
therapy areas and product types.

The ICH has issued several guidelines relevant to the 
development of biological medicinal products. These 
guidelines are applicable in all ICH regions (EU, US 
and Japan) and in other specific territories that have 
adopted them. Some of these guidelines specifically 
exclude cell-based products from their scope, however 
their general principles will be of relevance.

3.2.2 International guidelines

International Conference on Harmonisation 
ICH Q6B Specifications: Test procedures and acceptance 
criteria for biotechnological/biological products [6]

ICH Q6B gives extensive guidance on the characterization 
of biological medicinal products. Its scope is limited to 
proteins and peptides and their derivatives, and it 
specifically excludes cells from the scope. However, the 
principles of this guideline are applicable in relation to 
characterization of cells for clinical application. ICH Q6B 
provides some background on how the regulators view 
the characterization of biological products.
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3.2.3 EU requirements

European Communities

Directive 2001/83/EC of the European Parliament and 
of the Council of 6 November 2001 on the community 
code relating to medicinal products for human use [1]

Directive 2001/83/EC is the core directive on medicinal 
products. It includes an Annex that specifies the data 
requirements for approval of medicinal products in the 
EU. Specific requirements for ATMPs are included in 
Annex I Part IV of this directive. These are in addition to 
the general requirements for medicinal products (Part I) 
and any other specific requirements in other sections 
of Annex I.

NOTE Directive 2001/83/EC has been amended on 
several occasions by additional Directives and Regulations, 
including the ATMP Regulation [2] itself. The effects 
of these amendments is cumulative and the developer 
needs to understand that all aspects of the EU medicinal 
product framework are applicable to ATMPs: the 
general requirements set out in Directive 2001/83/EC 
as well as the specifics of the ATMP Regulation.

European Medicines Agency

Guideline on human cell-based medicinal products [7]

EMA’s guideline is the basic starting point for adapting 
medicinal product data requirements to the specifics of 
cell therapy products. This guideline includes several 
references to requirements for characterization.

3.2.4 US requirements

US Department of Health and Human Services

Code of Federal Regulations, Title 21 – Food and Drugs 
Chapter I – Food and Drug Administration, Department 
of Health and Human Services – Subchapter F: Biologics 
– Part 601: Licensing (21CFR601) [8]

21CFR601 of this section of the US regulations establishes 
the requirements for the licensing of biologics. Subsequent 
sections establish general standards for biologics 
(Section 610).

US Department of Health and Human Services

Code of Federal Regulations, Title 21: Food and Drugs 
– Chapter I: Food and Drug Administration, Department 
of Health and Human Services – Subchapter F: Biologics 
– Part 610: General Biological Standards (21CFR610) [9]

21CFR610 relates specifically to the safety specifications 
to which licensed biological products in the US are 
submitted prior to release to the market. Attention 
is drawn to the requirement for pyrogen testing in 
21CFR610.13b (Purity).

21CFR610.18 (Cultures) specifies requirements for cell 
cultures used in the production of biological medicinal 
products, and includes requirements for cell history, 
description of cytogenetic characteristics and 
characterization of in vitro growth characteristics 
and life potential.

US Department of Health and Human Services (FDA)

Guidance for Industry: Guidance for Human Somatic 
Cell Therapy and Gene Therapy [10]

This guideline covers the development and 
characterization of cell populations for administration, 
and the characterization and release testing of cell 
therapy and gene therapy products. Although it refers 
to somatic cell therapy in its title the main focus is on 
gene therapy products.

US Department of Health and Human Services (FDA)

Content and Review of Chemistry, Manufacturing, 
and Control (CMC) Information for Human Somatic 
Cell Therapy Investigational New Drug Applications 
(INDs) [11]

This guidance was written to help clinical trial sponsors 
and FDA reviewers to assess, for a given phase of 
clinical investigation, whether sufficient information is 
provided to assure the proper identification (identity 
testing), quality, purity, and strength (one aspect of 
potency) of the investigational product. It gives 
detailed discussion of the expectations of FDA when 
reviewing INDs for the completeness of the technical 
information provided by the sponsor.
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Cell history does not constitute a part of characterization, 
however the provenance and culture of cells could have 
significant effects upon the subsequent behaviours and 
characteristics of the cells.

The provenance of the cells should be documented 
to demonstrate compliance with extant regulations 
concerning donor consent, tissue procurement and 
testing of donors and tissues.

NOTE Attention is drawn to in the EU, Directive 
2004/23/EC [12] and its implementing Directives 
2006/17/EC [13] and 2006/86/EC [14], and in the US, 
Donor Eligibility Final Rule [15] on donor consent, 
tissue procurement and testing of donors and tissues.

The following information on cell history should 
be documented:

a)  the donor’s age, sex and status (living or dead donor);

b)  the donor’s medical history and the results of tests 
performed on the donor for the detection of viral 
and bacterial infections; and

c)  culture history of the cell line including:

1)  methods used for the isolation of the tissues 
from which the line was derived;

2)  passage history;

3)  media used and history of passage in animals, etc.;

4)  previous identity testing and the results of all 
tests for adventitious (contaminating) agents.

4 Provenance of the cells

5 Characterization of cells
NOTE Information on cell characterization techniques is given in Annex A.

5.1 Identity

The cells required for the medicinal action of the cell 
therapy product should be proven to be present within 
the cellular starting material.

The identity test should be capable of distinguishing 
the cellular active substance from any other cells that 
might reasonably be present in the cellular starting 
material or final cell therapy product. The identity of 
the cells in the cellular starting material and cellular 
active substance should be demonstrated by specific 
data. A justification based on reasoning alone will be 
inadequate, and data should be provided to identify 
the cells.

It is unlikely to be acceptable to propose, for example, 
that “mesenchymal stem cells (MSCs) isolated from a 
bone marrow biopsy are MSCs just because they are 
adherent to tissue culture plastic and haematopoietic 
stem cells (HSCs) are not, and therefore the process 
of adhering the MSCs and washing off the HSCs can 
only produce a population of MSCs”. Data would be 
expected to support this argument.

Demonstration of identity is likely to require a number 
of tests, not just one. Tests that result in negative 
responses are also useful, in that they may allow 
elimination of an alternative cell population from the 
possible options in the identity test panel, for example, 
two surface receptors, or a combination of expression 
and absence of expression of two or more receptors.

Demonstration of identity could include an evaluation 
of the phenotype of the cells, typically through 
confirming the presence or absence of established 
surface and intracellular markers characteristic of 
certain cells. The phenotypic evaluation should also 
include testing for markers of other cell types that 
could reasonably be expected based on the origin 
of the cells (for example keratinocytes in a dermal 
fibroblast population, fibroblasts in a chondrocyte 
population). Although this aspect of characterization 
falls more properly within the scope of purity of the 
population, they are clearly interlinked and the 
characterization strategy should take into account 
the need to determine the likely undesirable cell types 
that might have been introduced through the cellular 
starting material, e.g. tissue from a biopsy.
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Phenotypic evaluation could also include markers based 
on gene expression, antigen presentation, biochemical 
activity, response to exogenous stimuli, capability to 
produce biologically active or otherwise measurable 
molecules, etc. For adherent cells, morphological 
analysis could be a useful tool in conjunction with other 
tests, although the use of morphometric analysis alone 
is unlikely to be accepted as adequate proof of identity. 
Many cell types can appear similar under different 
microscope conditions, and the same cell type can 
exhibit different morphologies depending on culture 
and plating conditions, so morphology alone is not a 
strong confirmation of identity. It may be useful to 
provide standard “reference” photomicrographs of the 
typical required appearance of the cells based on the 
established culture process as an ongoing in-process 
control tool.

The presence of the required cell phenotype does not 
always imply that the biological activity of the cells 
is appropriate, and therefore the biological activity 
should be confirmed as part of the characterization 
process (see 5.3).

The specification for the cellular active substance 
should include one or a combination of identity 
tests necessary to confirm the identity of the cells. 
In accordance with the routine expectations for all 
medicinal products, identity tests should be used to 
confirm that the manufacturing process has delivered 
the correct cellular active substance.

5.2 Purity

Purity is closely linked to identity, and the spectrum of 
tests used to confirm the identity of the cellular starting 
material and cellular active substance might also yield 
information on the content of undesirable cellular 
impurities, such as contaminating or differentiated 
cells. The content of undesirable cell types in the 
cellular active substance used for clinical application 
should be defined and minimized. The specification 
limits for undesirable cell types should be based on 
a combination of data:

a)  the percentage of each undesirable cell type 
typically seen; and

b)  an assessment of the clinical safety implications
of such a percentage.

The level of undesirable cell types should be monitored 
in development studies to determine the extent to 
which these cells are reduced over the course of the 
manufacturing process. The need for in-process controls 
on purity or cellular impurities should be considered.

A justification for purity based on culture conditions 
alone might not be satisfactory. The elimination of the 
undesirable cell type(s) over the culture period should 
be demonstrated with data during the characterization 
process. Physical purification techniques that isolate 
different kinds of cells, such as magnetic-activated cell 
sorting (MACS) or fluorescence activated cell sorting 
(FACS), can be used to separate the different cell 
populations in the culture of interest.

If more than one cell type is necessary for the required 
biological activity of the cell therapy product, the 
cellular starting materials may be isolated and undergo 
different manufacturing steps to each other, or may 
be manufactured together. The relative composition 
of the cellular starting materials should be studied 
where possible such that acceptable specifications 
can be defined.

The biological activity of the cell therapy product is 
assumed to be dependent upon the various activities of 
the cells, and therefore their viability should be assured. 
Inevitably the population will contain a percentage of 
non-viable cells, and the characterization work should 
aim to generate data that facilitates the setting of a 
maximum limit for the percentage of non-viable cells in 
the cellular starting material and cellular active substance 
to be used in the cell therapy product. In general, non-
viable cells will be considered to be impurities. Viability 
of the cells is discussed further in 5.4.

Impurities introduced early in the process, for example, 
antibiotics necessary to preserve the microbiological 
quality of the cellular starting material prior to initial 
processing, could be diluted out during subsequent 
processing. The absence of such impurities or residuals 
should be demonstrated during the characterization 
of the cellular active substance using appropriately 
qualified and sensitive detection methods. The generation 
of adequate characterization data showing that such 
residuals are undetectable may justify the absence 
of a routine test on the specification for the cellular 
active substance.

Any impurities arising from raw or starting materials, 
including break-down products, (e.g. from biodegradable 
materials, human or animal-derived proteins), should 
be thoroughly characterized in this respect and the 
impact of these impurities on the cellular active 
substance should be addressed.
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5.4 Viability

The viability of the cell population is normally 
considered critical – at each stage the process needs to 
be able to produce a minimum number of viable cells 
capable of proliferation and/or production of proteins 
as required for the action of the cell therapy product.

Limits on the presence of non-viable cells should be 
established as a percentage of such cells in the population 
as part of the purity determination (see 5.2). A lower 
limit on the number of viable cells yielded from a vial 
of the master cell bank or autologous cell lot should be 
established. Non-viable cells are generally considered 
an impurity except in the situation in which the cellular 
active substance itself is composed of non-viable cells.

In addition to determination of the percentage of 
viable cells in the cellular active substance produced 
for subsequent use in the cell therapy product, viability 
should also be considered as part of the evaluation of 
recovery of cells after any thawing step: the percentage 
of viable cells achieved at, e.g. 24 hours post-thaw.

5.5 Specification

The specification is considered to be an output of 
characterization. The understanding of cell properties 
and behaviours achieved during the characterization 
work allows for generation of specifications that are 
capable of confirming the consistency and biological 
activity of the cellular active substance. These specifications 
should be established for the acceptance of the cellular 
active substance such that they can be used in the 
manufacture of the cell therapy product. The development 
programme, guided by the risk analysis, should identify 
those parameters for which the cells need to be assessed, 
and establish limits on those parameters. 

The characterization process is, in part, the process 
of gathering data on the characteristics of batches of 
cellular starting material and cellular active substance 
in order to establish what is necessary for the 
performance of the cells in the cell therapy product. 
This provides data on variability that might be related 
to the cells themselves. These data will normally form 
part of the justification for the final specification range.

5.3 Biological activity

Physical and chemical testing alone does not demonstrate 
that the cellular active substance has the required 
biological activity, therefore specific evaluations of 
biological activity should also be undertaken.

The biological activity of the cellular active substance 
should be characterized in terms of the properties or 
behaviours required to lead to a clinically functional 
cell therapy product. This could include the cells’ ability 
to produce required functional proteins, change 
their phenotype, or exert effects on other cells 
(e.g. phagocytosis, cytotoxcity).

NOTE As with other parameters, biological activity is 
dependent upon many different characteristics of the 
cells. Individual cells within the cellular population may 
be at different stages in the cell cycle or in differing 
differentiation states, leading to differences in functional 
characteristics such as protein expression, signalling 
capability, etc. Developers need to be aware of the 
potential effects of this variability when establishing 
the overall characteristics of the cell population.

Characterization should include verification that the 
cells are capable of being expanded over population 
doublings beyond that required by the manufacturing 
process, and to maintain their genetic and phenotypic 
stability during expansion and frozen storage, if 
applicable. Cell behaviour should be monitored to 
detect cumulative changes in the biological activity 
of the cells over the course of the expansion process. 
Post-thaw viability and recovery rates should also be 
investigated if cells are cryopreserved during the 
manufacturing process. Such information facilitates the 
setting of in-process controls and maximum population 
doubling levels in production.

In the case of tissue engineered constructs, in which 
different cell types are combined, or during the 
production of which extracellular matrix is generated 
by the cellular active substance, it might not be possible 
to completely characterize the biological activity of the 
cells at the cell bank or cellular active substance stage 
because of the functions that may be affected by the 
presence of the other cell type. This should be addressed 
during characterization of the final cell therapy product.

Specifications relating to the relevant biological activity 
of both the cellular starting material and the cellular 
active substance should be set to ensure that they will 
perform as expected in subsequent manufacturing 
processes and ultimately lead to a functional cell 
therapy product.



8

PAS 93:2011

© BSI August 2011

The final specification for the cells should include 
aspects of identity, purity and biological activity, as well 
as microbiological quality requirements.

The characterization data should be used to select and 
justify those parameters that need to be assessed for 
each lot of cellular starting material and cellular active 
substance, and which characteristics can be kept in 
reserve in case a more thorough assessment is required. 

The characterization data should be used to identify 
critical parameters that need to be assessed for each lot 
of cellular starting material. Where the cellular starting 
material is changed (e.g. a new working cell bank or 
different biopsy location or procedure), the additional 
characterization undertaken during development 
provides a basis for extended characterization to ensure 
the change has not altered the quality of the cellular 
starting material.

NOTE It is not always necessary to include the full range 
of characterization assessments in the specification.

The specification for the cellular active substance 
should be developed in sufficient detail to ensure:

a)  consistency of the cellular active substance when 
manufactured on a routine basis; and

b)  that the cellular active substance being produced 
for use in commercial lots of a cell therapy product 
is comparable to that used for safety tests or 
clinical trials.

For release purposes, any assay that is required to be 
performed before release of the cells should fit in with 
the timescale of their useable shelf life.
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Annex A (informative) 
Cell characterization techniques
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