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The quality attributes of advanced therapy medicinal products (ATMPs)
that correlate with safety and efficacy in patients are determined not only
by manufacturing process inputs such as starting and raw materials, but
also by how the manufacturing process itself is designed and controlled.
To ensure regulatory compliance, the manufacturing process should
therefore be developed based on thorough characterization of the ATMP
during all stages of process and analytical development; this ensures that
the critical quality attributes that correlate with safety and efficacy are
identified and that their specifications can be met during routine manu-
facturing. In the European Union, the regulatory approval of ATMPs for
use in patients requires that data demonstrating their quality, safety
and efficacy are submitted in dossiers to regulatory agencies for review.
Indeed, such dossiers have a specific format that, in the case of quality
data in particular, is informative for the manufacturing process develop-
ment strategy. This manuscript describes how dossier requirements can
be implemented into the design of industrialized ATMP manufacturing
processes and fulfilled to enable effective regulatory submissions.
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The pace of cell and gene therapy improved to support robust, effi-
cient and cost-effective production
at industrial scale [1]. Based on the

design of the manufacturing process

development has increased tremen-
dously in recent years, and the tech-
nologies for their manufacture have

and/or the therapeutic use of the fi-
nal product, most cell and gene ther-
apies are now classified as medicinal
products in many global territories
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[2]. This classification as medicinal
products (drugs) therefore means
that these therapies must comply
with stringent regulatory require-
ments if they are to be authorized
for use in patients, either as investi-
gational medicinal products (IMDs)
in clinical trials or as licensed me-
dicinal products for sale on inter-
national pharmaceutical markets.
This is exemplified in the European
Union (EU) where medicinal prod-
ucts comprising human cells, genes
or tissues are regulated as advanced
therapy medicinal products (AT-
MPs) to distinguish their use from
medical procedures involving cell or
tissue transplantation.

ATMPs were introduced as a new
class of medicinal product in the EU
through the so-called ATMP Regu-
lation [3], which came into effect in
late 2008 following the recognition
by the European Medicines Agency
(EMA; the agency responsible for
the scientific evaluation, supervision
and safety monitoring of medicines
developed by pharmaceutical com-
panies for use in the EU) [4] that
cell-, gene- and tissue-based ther-
apies needed more rigorous evalu-
ation than was allowed for by me-
dicinal product legislation in force
previously.  Products containing
cells or tissues are defined as AT-
MPs if they are manufactured using
a process that involves substantial
manipulation of the starting mate-
rials (cells or tissues), while cells or
tissues used in medical procedures
only undergo processing via mini-
mal manipulation (and are therefore
not considered starting materials
for product manufacture). Minimal
manipulation may simply involve
cell purification (without culture)
and/or washing before infusion into
a patient (hematopoietic stem cell
transplantation being the classic
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example), and so any processing that
is more complex would be consid-
ered substantial manipulation (e.g.,
extended culture and passaging to
expand a cell population that will
be used as a cell therapy). Gene
therapies comprise a separate cate-
gory of ATMPs whose mechanism
of action involves the expression of
transgenes. They are manufactured
through processes that involve the
generation of genetic constructs and
their amplification in cell lines, fol-
lowing which they are either purified
for direct administration (in vive
gene therapies), or used for trans-
duction of therapeutic cells (ex vivo
gene therapies). Both cell therapies
and gene therapies are considered
to work through a pharmaceutical,
metabolic or immunological mode
of action [3], another aspect of their
classification as medicinal products.
Human or animal cells and tissues
can also undergo substantial ma-
nipulations to manufacture prod-
ucts for the repair or regeneration
of damaged or diseased tissues and
organs, generally in combination
with a scaffold (so-called tissue-en-
gineered products). However, such
products would be classified as gene
therapies if the component cells were
genetically modified. Therefore, AT-
MPs (somatic cell therapy medicinal
products [SCTMPs], gene therapy
medicinal products [GTMPs] and
tissue-engineered products [TEPs],
as defined [3]) are regulated as me-
dicinal products because their mode
of action is typical of other medic-
inal products, and/or their produc-
tion involves substantial manipula-
tion and industrial manufacturing
processes. The exception to this rule
is when cells are only manipulated
minimally but are used for a pur-
pose not reflecting the same essential
function of the cells in the recipient




as in the donor; in this case, such
non-homologous therapeutic use of
cells means that they are regulated as
a medicinal product, i.e., an ATMP.

To determine whether a ther-
apeutic product based on human
cells, genes or tissues meets the cri-
teria that define ATMPs, developers
can apply for an ATMP Classifi-
cation [5,6] from the EMA’s Com-
mittee for Advanced Therapies, the
expert body responsible for review-
ing the quality, safety and efficacy of
ATMPs [4].

THE AIM OF MEDICINAL
PRODUCT DEVELOPMENT IS
TO DEMONSTRATE QUALITY,
SAFETY & EFFICACY

The real implication of the classi-
fication of cell and gene therapies
as medicinal products under the
ATMP Regulation is that their de-
velopment should address the re-
quirements of a medicinal product
to successfully obtain, via non-clin-
ical studies and clinical trials, a li-
cense for commercial use, i.e., a
Marketing  Authorisation (MA)
[4]. Despite the fact that certain
schemes (not discussed here) exist
that enable patients to be treated
with unlicensed cell or gene thera-
pies, the requirements for achieving
MA should not be underestimated,
even for autologous products man-
ufactured on a single batch per-pa-
tient basis or orphan medicinal
products for the treatment of rare
diseases. Such products are typical
of the eight ATMPs that have al-
ready received a MA (Table 1).

To receive a Clinical Trial Au-
thorisation (CTA) or a MA, the
quality, safety and efficacy of AT-
MPs must be demonstrated. During
product development (Figure 1),

medicinal product safety (i.e., the
absence or minimization of adverse
events caused by the product) and ef-
ficacy (i.e. the ability of the product
to induce the desired therapeutic re-
sponse) are addressed in progressive
nonclinical studies and clinical trials.
Concurrently, medicinal product
quality is demonstrated through the
development of a defined and con-
trolled manufacturing process and
its associated analytical and stability
testing procedures. As discussed lat-
er in more detail, medicinal product
quality is demonstrated through the
so-called CMC studies; on the con-
trary, the principles of good manu-
facturing practice (GMP), which
concerns operational quality man-
agement, are not discussed here. The
output of these medicinal product
quality development activities can
be considered to be a specification
defined by a set of characteristics
that correlate with safe and effica-
cious use in patients. According to
this regulatory concept of medici-
nal product quality, those defining
characteristics of the specification
that correlate with safety and effica-
cy are a medicinal product’s critical
quality attributes (CQAs).

The data from the product de-
velopment phase are presented in
a dossier submitted to regulatory
agencies for evaluation ahead of
CTA or MA. For a CTA applica-
tion, quality, safety and efficacy data
are submitted in an Investigational
Medicinal Product Dossier (IMPD)
[7], while a Marketing Authorisa-
tion Application (MAA) follows
more strictly the Common Techni-
cal Document (CTD) format [8] in
which quality data are presented in
Module 3, and safety and efficacy
data in Modules 4 and 5 (nonclini-
cal and clinical study reports, respec-
tively). However, for quality data in

Cell & Gene Therapy Insights - ISSN: 2059-7800

EXPERT INSIGHT

427




CELL & GENE THERAPY INSIGHTS

TABLE 1

ATMPs to have received an EU Marketing Authorisation.

Common
name
(MAH)

Zalmoxis
(MolMed S.p.A.)

Strimvelis
(GlaxoSmithKline
Trading Services
Limited)

Imlygic
(Amgen Europe
BV.)

Holoclar
(Chiesi Farma-
ceutici S.p.A.)

Provenge
(Dendreon UK
Ltd)

MACI
(Vericel Denmark
ApS)

Drug substance

Allogeneic T cells genetically
modified with a retroviral
vector encoding for a trun-
cated form of the human low
affinity nerve growth factor
receptor (ALNGFR) and the
herpes simplex | virus thymi-
dine kinase (HSV-TK Mut2)

Autologous CD34* enriched
cell fraction that contains
CD34* cells transduced

with retroviral vector that
encodes for the human
adenosine deaminase (ADA)
cDNA sequence from human
hematopoietic stem/progen-
itor (CD34*) cells

Talimogene laherparepvec

Ex vivo expanded autologous
human corneal epithelial
cells containing stem cells

Autologous peripheral blood
mononuclear cells including
aminimum of 50 million
autologous CD54* cells
activated with prostatic acid
phosphatase granulocyte-
macrophage colony-stimu-
lating factor

Matrix-applied character-
ized autologous cultured
chondrocytes

Drug product

Zalmoxis 5-20 x 10°¢
cells/mL dispersion
for infusion

Strimvelis 1-10 x 10¢
CD34* cells/mL

Imlygic 10°¢ plaque
forming units /mL
solution for injection
Imlygic 108 plaque
forming units/mL
solution for injection

7.9x10%-3.16 x 10°
cells/cm? living tissue
equivalent

5x 107 CD54*
cells/250 mL disper-
sion for infusion

0.5-1 x10¢ cells/cm?
implantation matrix

ATMP
class

GTMP
(ex vivo)

GTMP
(ex vivo)

GTMP
(in vivo)

TEP

SCTMP

TEP

Current

approval
status

Conditional
MA (2016)
Orphan
designation

Standard MA
(2016)
Orphan
designation

Standard MA
(2015)

Conditional
MA (2015)
Orphan
designation

Withdrawn

Suspended

To date, eight ATMPs have received a Marketing Authorisation (MA) from the European Commission, although two have been withdrawn
by the Marketing Authorisation Holders (MAH) and one has been suspended by the EMA. Note that different types of MA have been
granted to the various ATMPs: Conditional MAs and MAs under Exceptional Circumstances are granted when clinical data supporting
the MAA are not extensive, e.g., in the case of medicinal products for rare diseases that qualify for orphan designation. The information
presented in this table is taken from the EMA website and is current at the time of going to press.
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TABLE 1 (CONT.)
ATMPs to have received an EU Marketing Authorisation.

A Y
class

Common
name

Current
approval

Drug product

Drug substance

(MAH) status
Glybera Alipogene tiparvovec 1 mL of solution, GTMP MA under
(uniQure Bio- containing 3 x 10%? (in vivo) Exceptional
pharma BV.) genome copies Circum-
stances
(2012)
Orphan
designation
ChondroCelect Characterized viable autolo- 4 x 10¢ autologous TEP Withdrawn
(TiGenix N.V.) gous cartilage cells expand- human cartilage cells
ed ex vivo expressing specific in 0.4 mL cell suspen-
marker proteins sion, corresponding
to a concentration of
10,000 cells/uL

To date, eight ATMPs have received a Marketing Authorisation (MA) from the European Commission, although two have been withdrawn
by the Marketing Authorisation Holders (MAH) and one has been suspended by the EMA. Note that different types of MA have been
granted to the various ATMPs: Conditional MAs and MAs under Exceptional Circumstances are granted when clinical data supporting
the MAA are not extensive, e.g., in the case of medicinal products for rare diseases that qualify for orphan designation. The information
presented in this table is taken from the EMA website and is current at the time of going to press.

particular, IMPD Section 2 (where
the quality data are reported) fol-
lows essentially the same structure
as CTD Module 3. The structure of
CTD Module 3 is presented in Ta-
ble 2; it is composed of three main
sections on Drug Substance, Drug
Product (both of which are defined
later) and Appendices, each with
subsections on specific aspects of
quality development. In effect, the
structure of CTD Module 3 there-
fore provides a plan for how a qual-
ity development strategy should be
designed and executed.

GUIDANCE ON DEVELOPING
QUALITY, SAFETY & EFFICA-
CY: IMPORTANCE TO ATMP
DEVELOPERS

Although the legal framework reg-
ulating ATMPs goes far beyond the
ATMP Regulation alone [Manuscript
in Preparation], this regulation is the
starting point for determining (as

discussed above) whether a cell or gene
therapy will be regulated as a medici-
nal product and will therefore need to
meet the legal requirements of quali-
ty, safety and efficacy for patient use.
The legal framework for all medicinal
products does not, however, describe
how quality, safety and efficacy should
be demonstrated, because each devel-
opment programme is product-spe-
cific. Rather, guidance documents are
the instruments used to implement
the specific aspects of quality, safety
and efficacy on a product-by-product
basis. Various guidance documents
are available from different sources,
many of which are applicable, either
directly or indirectly, to ATMPs. In
the EU, the key sources of guidance
documents for ATMP developers are
the EMA’s Scientific Guidelines [9],
the International Council for Har-
monisation (ICH) guidelines [10] and
the European Pharmacopeia [11]. The
importance to ATMP developers of
following the appropriate guidelines
cannot be understated if the aim is to
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achieve CTA or MA. Two guidelines
in particular should be considered
essential for developers of ATMPs,
these being the Guideline on human
cell-based medicinal products (which
is applicable to SCTMPs and TEPs)
[12] and the Guideline on the quali-
ty, non-clinical and clinical aspects
of gene therapy medicinal products
(which is applicable to both 7 vive
and ex vivo GTMPs) [13]. For the
purposes of this discussion, these and
other quality development guide-
lines will be identified as appropriate
throughout the text but it will not
be possible to elaborate fully on their
content. Note that in cases where cells
and tissues of animal origin are used
in the development of an ATMP, ad-
ditional guidance [14] should also be

ATMP QUALITY IS DEVELOPED
THROUGH ATHOROUGH
UNDERSTANDING OF THE
MANUFACTURING PROCESS,
ITSINPUTS & ITS OUTPUTS:
THE ROLE OF CMC

The aim of regulatory submissions
(CTAs and MAA:s) is to demonstrate
the quality, safety and efficacy of a
medicinal product, and this requires
thorough knowledge of the prod-
uct’s characteristics and the processes
used to manufacture it in addition
to nonclinical and clinical data [4].
A medicinal product manufacturing
process can be considered, in regula-
tory terms, to be comprised of two
manufacturing processes: manufac-
ture of the drug substance (DS); and
manufacture of the drug product

consulted.

(DP). The DS may also be called the

FIGURE 1

Medicinal product development pathway, from clinical trials to marketing authorisation.

Quality: materials qualification, process steps and controls, analytical
method development and validation, product characterization, specification
setting, stability studies, process validation

Process changes
and improvements
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The development of a medicinal product involves a number of discrete stages designed to demonstrate the product’s quality, safety
and efficacy. Typically, product development begins on completion of pre-clinical proof-of-concept (PoC) studies in in vitro or in vivo
models of disease (the discovery phase). The developmental medicinal product would then be progressed into nonclinical studies to
demonstrate safety and provide an initial indication of mode of action supportive of clinical trials in patients. If a CTA application is
approved based on the nonclinical data, the IMP would first be tested for general safety in Phase | (first-in-human) trials, next for dose-
related safety and PoC of the therapeutic mechanism (initial efficacy) in Phase Il trials, and then for confirmation of efficacy in Phase Il
(pivotal) trials. Data from Phase Ill clinical trials are used to support a MAA to the EMA. If an MA is granted, post-approval safety data
are required to be obtained through Phase IV clinical trials to maintain the MA. Note, however, that it is not always possible to perform
sequential Phase I/11/111 clinical trials for ATMPs, and sometimes the pre-pivotal trials follow a combined Phase I/1l approach.

In parallel with the nonclinical studies and clinical trials, manufacturing process development is undertaken to characterize the quality
attributes of the IMP that correlate with safety and efficacy. During early development, a number of characterization and analytical
assays should be implemented to identify those assays relevant for basing the proposed commercial process on at MAA, and the
selected assays should therefore be fully validated by the end of Phase Il at the latest. Post-MA, any changes to the manufacturing
process, which may impact on the quality of the medicinal product, will need to be submitted to the EMA as variations to the MA for
review and approval for the purposes of maintaining the MA. The effect of the changes on quality compared to the approved product
will need to be demonstrated through comparability studies. Additional comparability studies at the level of safety and efficacy may
also be necessary.

430

DOI: 10.18609/cgti.2016.056



‘active substance’ or ‘active pharma-
ceutical ingredient’, because it is the
component of the medicinal prod-
uct that is responsible for its phar-
maceutical activity. For the differ-
ent classes of ATMPs, the DS is the
manipulated cells for SCTMPs, the
gene-modified cells for ex vivo GT-
MPs, the nucleic acid sequence or
modified microorganism/virus for iz
vivo GTMPs, and the manipulated
cells and/or tissues for TEPs [3,15].
The DS is manufactured from start-
ing materials and raw materials: the
starting materials for ATMPs would
be tissues, cells and/or genetic vector
stocks while the raw materials may
include, for example, culture medi-
um, serum, growth factors, enzymes
and chemical reagents such as de-
tergents and saline buffers. The DP
can be considered to be the DS in its
final formulation for administration
to patients. As such, the DS may be
blended with excipients (non-phar-
maceutical ingredients that are es-
sential to the DP composition; e.g., a
cryopreservation medium for SCT-
MPs, or a stabilizing agent for in
vivo GTMPs) and will be filled into
an appropriate container for storage
and shipping (see Table 1 for descrip-
tions of the DS and DP of ATMPs
that have received a MA). All aspects
of medicinal product manufacturing
process development must therefore
address starting materials, raw mate-
rials, excipients, the DS, the DP and
the DS and DP containers in a way
that is appropriate for regulatory re-
view ahead of CTA or MA. Togeth-
er, the studies performed to demon-
strate. medicinal product quality
through manufacturing process de-
velopment in this way are referred to
as CMC (chemistry, manufacturing
and controls).

As the term suggests, CMC has
its roots in the development of small

molecule drugs. By extrapolation to
ATMPs, the chemistry element can
be considered to mean the raw mate-
rials, starting materials and excipients
used, and also the composition of
the process outputs (intermediates,
DS and DP); the manufacturing
element can be considered to mean
how the manufacturing process(es)
is (are) developed and validated; and
the controls element can be consid-
ered to mean how the manufacturing
processes are shown to operate with-
in parameters such that their outputs
(DS and DP) meet the specifications
shown to correlate with safety and
efficacy in clinical use. Therefore, a
manufacturing process that is con-
trolled on all levels (inputs, process
steps, analytical methods, outputs,
validation) is key to the development
of medicinal product quality, and
should be presented accordingly, in
CTD Module 3 format, for the re-
view of EU regulatory submissions.

Mapping a developmental
manufacturing process to
CTD Module 3

The structure of CTD Module 3 (Ta-
ble 2) [8] can be thought of as provid-
ing a blueprint for developing a CMC
strategy to create the final, controlled
ATMP manufacturing process. As a
first step in mapping a developmen-
tal manufacturing process to CTD
Module 3, the starting materials, the
DS and the DP should be defined,
thereby splitting the overall process
into sub-processes as they will be
presented in Module 3 and enabling
each to be addressed specifically and
appropriately. Definition of starting
materials, DS and DP can be aided by
the EMA’s ATMP Classification pro-
cedure [4], and starting this procedure
early in development can therefore
be advantageous to the implemen-
tation of an effective CMC strategy.
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—» TABLE 2

Section

3.2.5 DRUG SUBSTANCE
3.2.5.1 General Information

3.2.5.2 Manufacture

3.2.5.3 Characterization

3.2.5.4 Control of Drug Substance

3.2.5.5 Reference Standards or
Materials

3.2.5.6 Container Closure System
3.2.5.7 Stability

3.2.P DRUG PRODUCT

3.2.P.1 Description and Composition of
the Drug Product

3.2.P.2 Pharmaceutical Development

3.2.P.3 Manufacture

3.2.P4 Control of Excipients

Outline structure of Module 3 of the Common Technical Document.

Subsection

3.2.5.1.1 Nomenclature

3.2.5.1.2 Structure

3.2.5.1.3 General Properties

3.2.5.2.1 Manufacturer(s)

3.2.5.2.2 Description of Manufacturing Process and Process
Controls

3.2.5.2.3 Control of Materials

3.2.5.2.4 Controls of Critical Steps and Intermediates
3.2.5.2.5 Process Validation and/or Evaluation

3.2.5.2.6 Manufacturing Process Development

3.2.5.3.1 Elucidation of Structure and other Characteristics
3.2.5.3.2 Impurities

3.2.5.4.1 Specification

3.2.5.4.2 Analytical Procedures

3.2.5.4.3 Validation of Analytical Procedures

3.2.5.4.4 Batch Analyses

3.2.5.4.5 Justification of Specifications

3.2.5.7.1 Stability Summary and Conclusions

3.2.5.7.2 Post-approval Stability Protocol and Stability
Commitment

3.2.5.7.3 Stability Data

3.2.P.2.1 Components of the Drug Product

3.2.P.2.2 Drug Product

3.2.P.2.3 Manufacturing Process Development
3.2.P.2.4 Container Closure System

3.2.P.2.5 Microbiological Attributes

3.2.P.2.6 Compatibility

3.2.P.3.1 Manufacturer(s)

3.2.P.3.2 Batch Formula

3.2.P.3.3 Description of Manufacturing Process and Process
Controls

3.2.P.3.4 Controls of Critical Steps and Intermediates
3.2.P.3.5 Process Validation and/or Evaluation

3.2.P.4.1 Specifications

3.2.P4.2 Analytical Procedures

3.2.P.4.3 Validation of Analytical Procedures
3.2.P4.4 Justification of Specifications
3.2.P4.5 Excipients of Human or Animal Origin
3.2.P.4.6 Novel Excipients

can be found in [8], and on the IMPD in [7].

The Common Technical Document (CTD) describes the format for MAA submissions in the EU. Module 3 is used to present CMC data
generated during the quality development stage, and the format of Module 3 is also used in Section 2 of the IMPD used to support CTA
applications. Module 3 is divided into three sections on drug substance, drug product and appendices, and the content required in each
section is shown here. A medicinal product quality development strategy therefore requires a full understanding and characterization of
the manufacturing processes for both drug substance and drug product. In combination with appropriate guidance documents (see text
for details), Module 3 can be considered to provide a blueprint for developing ATMP quality through CMC. Guidance on the CTD itself
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—» TABLE 2 (CONT.)

Outline structure of Module 3 of the Common Technical Document.
Section Subsection

3.2.P.5 Control of Drug Product 3.2.P.5.1 Specification(s)

3.2.P.5.2 Analytical Procedures

3.2.P.5.3 Validation of Analytical Procedures
3.2.P.5.4 Batch Analyses

3.2.P.5.5 Characterisation of Impurities
3.2.P.5.6 Justification of Specification(s)

3.2.P.6 Reference Standards or
Materials

3.2.P.7 Container Closure System

3.2.P.8 Stability 3.2.P.8.1 Stability Summary and Conclusion

3.2.P.8.2 Post-approval Stability Protocol and Stability
Commitment
3.2.P.8.3 Stability Data

3.2.A APPENDICES

Section

3.2.A.1 Facilities and Equipment

3.2.A.2 Adventitious Agents Safety Evaluation
3.2.A.3 Excipients

The Common Technical Document (CTD) describes the format for MAA submissions in the EU. Module 3 is used to present CMC data
generated during the quality development stage, and the format of Module 3 is also used in Section 2 of the IMPD used to support CTA
applications. Module 3 is divided into three sections on drug substance, drug product and appendices, and the content required in each
section is shown here. A medicinal product quality development strategy therefore requires a full understanding and characterization of
the manufacturing processes for both drug substance and drug product. In combination with appropriate guidance documents (see text
for details), Module 3 can be considered to provide a blueprint for developing ATMP quality through CMC. Guidance on the CTD itself

can be found in [8], and on the IMPD in [7].

Once the starting materials, DS and
DP have been defined, a process for
manufacturing an ATMP from the
starting materials through the DS
and DP stages can be outlined, as
shown schematically in Figure 2, and
elaborated on to build a CMC strat-
egy for the manufacturing processes
involved in the development of any
ATMP. However, further complexity
can arise (e.g., intermediate products
and the timing of release testing) and
this is discussed later in relation to
ATMPs typical of those currently in

development.

The ultimate goal of CMC is
a controlled manufacturing
process

Understanding how the combination
of all operations involved contributes
to the composition and activity of the
final product (in terms of both DS
and DP) is highly important when

developing an ATMP manufacturing
process [16]. In reality, manufactur-
ing processes for ATMPs are much
more complex than outlined in Fig-
ure 2, involving multiples steps and
possibly intermediates. Controlling
all aspects of the process is therefore
crucial — and essential at the point of
critical steps and intermediates — to
ensure that the desired output (i.e.,
a product with defined CQAs linked
to nonclinical and clinical data) is
obtained. Process control is achieved
through monitoring of defined pro-
cess parameters (e.g., bioreactor set-
tings such as temperature, agitation
speed, feed rate) and in-process con-
trols (IPCs) for which acceptance cri-
teria are set. The purpose of IPCs is to
enable continuous monitoring of the
quality attributes of DS and DP such
that potential issues that may lead to
an out-of-specification product can

be identified. Therefore, all process
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FIGURE 2

The chemistry, manufacturing and control elements of advanced therapy medicinal product manufactur-
ing process development.
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I N W

Release Release
specification specification
+ +

lifod vi g Stability profile Stability profile
Qualified virus see CQAs CQAs

stock(s)

Starting material

Donated human PPs + IPCs
blood/cells/tissue

Qualified
cell bank(s)

The development of a manufacturing process for a medicinal product (including an ATMP) can be considered to involve, first,
manufacture of the drug substance from the starting materials and raw materials, and second, manufacture of the drug product from
the drug substance and raw materials and/or excipients. The starting materials for ATMP manufacture include donated cells or tissues,
banked cell lines and banked viral vectors expressing cloned genes (other types of vectors may also be used). Raw materials may include
cell culture medium, serum and cell dissociation agents, while excipients (non-pharmaceutical ingredients of the final product) may
include stabilizers or cryopreservatives. The drug substance is the active substance/active pharmaceutical ingredient responsible for a
medicinal product’s therapeutic effect, and the drug product is the drug substance in its final formulation for administration to patients.
The drug substance and drug product should be fully characterized during the development phase using appropriate analytical methods
to identify the product-specific quality attributes (see text for details). The critical quality attributes that correlate with safety and
efficacy in patients are typically used to define a release specification and stability profile for drug substance and/or drug product.
Some of the quality attributes included in the release specification and stability profile (e.g., potency, product-related impurities) will
be defined and justified as ranges based on data obtained during process and product characterization. The steps of the manufacturing
process should be controlled through process parameters and in-process controls to ensure that the specifications can be achieved.
Together, all activities involved in manufacturing process development (inputs, process steps, analytical methods, characterization,
outputs, validation) are referred to as CMC (chemistry, manufacturing and controls).

steps and intermediate products that
contribute to a product’s quality attri-
butes, including the critical steps and
intermediates that determine CQAs,
should be monitored through IPCs.
Examples of how IPCs could be used
for ATMPs may include the monitor-
ing of cell confluence, cell morphol-
ogy, cell population doubling level
(PDL) and doubling time (Td), cell
yield and viability on passaging, viral
genome copy number and bioburden
of intermediate products. However,
specific IPCs should be assigned on
a product-by-product basis, the full
complement of which will require
that the DS and DP manufactur-
ing processes are fully mapped out
in terms of their component steps.
Acceptance criteria should be set
and justified based on data obtained
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during the development phase that
demonstrate robustness of the process
in terms of generating DS and DP
with the requisite quality attributes,
which are characterized as discussed
below.

EXTENSIVE PRODUCT
CHARACTERIZATION IS
NEEDED FOR THE DEVELOP-
MENT OF PRODUCT
QUALITY THROUGH
SPECIFICATION SETTING

Control of DS & DP through
critical quality attributes

As discussed earlier, the concept of
medicinal product quality can be
considered to be the development




of a specification defined by CQAs
that correlate with safe and ef-
ficacious clinical wuse. Scientific
Guidelines on ATMP development
published by the EMA [12,13] de-
scribe  which product character-
istics should be used as CQAs for
SCTMPs, GTMPs and TEPs, and
it is important to note that speci-
fications apply to both the DS and
DP components of these products.
In principle, the basis for DS re-
lease testing is to demonstrate that
it is of the appropriate quality for
use in DP manufacture, while the
basis for DP release testing is to
demonstrate that the final product
is of the appropriate quality for use
in patients. However, it will be seen
later that sometimes it is necessary
to release final products on the ba-
sis of a DS specification, or that DS
specifications should instead be ap-
plied to an intermediate as a surro-
gate, thus further highlighting the
importance of fully characterizing
both DS and DP.

There are differences between
those CQAs required for cell-based
ATMPs and in vivo GTMPS, but
potency, content, identity, purity
and impurities are of primary im-
portance for all ATMPs and should
be characterized using product-spe-
cific assays (referred to as analytical
methods in the CTD). Other CQAs
are somewhat generic but are con-
sidered essential for patient safety,
for example, microbiological steril-
ity, absence of mycoplasma and ab-
sence of endotoxins (tests that, for
all ATMPs, should be performed
according to validated standard Eu-
ropean Pharmacopoeia methods,
unless otherwise justified in the reg-
ulatory submission). Specifications
for sterility and mycoplasma are ab-
solute values (sterile, not detected)
but other specifications (potency,

content, impurities) will be report-
ed as a range of values based on data
from batches manufactured during
development. These data should be
used to set upper and lower limits
dictated by manufacturing process
experience from batches shown to
be safe and effective in nonclinical
and clinical studies, or from batch-
es used for process validation and
verification.

Potency is a quantitative mea-
sure of how a medicinal product’s
biological activity correlates with
or predicts the desired therapeutic
effect. Potency is unique in being
the only CQA linked directly to
efficacy, rather than product com-
position. Various biological activ-
ities considered appropriate to a
product’s mechanism of action in
patients should be assessed during
development to determine, through
analysis of clinical data, which
most reliably indicates a product’s
potency for the release specifica-
tion [4,12,13,17,18]. Depending on
whether an ATMP is considered
to work through a pharmaceutical,
metabolic or immunological mode
of action, or be involved in tissue
repair and regeneration, potency
assays may be based on expression
of markers of specific cell types
whose content is linked to efficacy;
expression or secretion of specific
molecules and analysis of their bi-
ological activity; infectivity of a vi-
ral vector (together with biological
activity of the expressed product);
or in vitro lysis of target cells (e.g.,
tumor cells). Surrogate assays may
sometimes need to be developed to
obtain timely results when mecha-
nisms of action are complex.

Identity assays for cell-based AT-
MPs will be based on phenotypic
and/or genotypic analysis of the ex-
pression of specific markers for one
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or more cell populations. Where the
DS is a heterogeneous cell popula-
tion, the identity markers may also
be used to quantify the content of
each population, and the content
data may then be used to determine
the purity of the different cell types.
For in vivo GTMDPs, identity as-
says are needed to demonstrate the
nucleotide sequences of the vector
and therapeutic gene, as well as the
protein composition of capsids in
the case of a viral vector. Purity of
a viral vector may be measured as a
percentage of the total viral particles
that contain a virus genome or, al-
ternatively, the proportion of viral
particles that are able to productive-
ly infect permissive cells.

Impurities may be either prod-
uct- or process-related. Product-re-
lated impurities for cell-based AT-
MPs may include non-viable cells,
cells from tissue biopsies that do
not contribute to the therapeutic
mechanism, or a progenitor cell
type when the DS is defined by
a differentiated cell population.
Product-related impurities for in
vivo GTMPs may include residual
therapeutic protein expressed by the
vector and empty virus particles. At
least some product-related impuri-
ties will form part of the DS and
DP specifications. Process-related
impurities will be derived from the
raw materials used and must be
controlled because, depending on
the nature of the raw material, re-
sidual amounts in the final product
may have toxic or immunogenic
activities in patients. Therefore, the
manufacturing process will need
to be validated to show that these
materials are cleared from the final
product. Contamination with ad-
ventitious agents represents anoth-
er potential process-related impuri-
ty. Although starting materials and
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raw materials should be controlled
for adventitious agents prior to use,
they may still be introduced during
the process or amplified in culture
even when tests (which are based
on limit of detection) provide neg-
ative results. Consideration should
therefore be given to the use of
in-process controls and the testing
of intermediate products where ap-
propriate, even though appropriate
facilities controls should also be in
place to prevent contamination.
Specifications for CQAs such as
potency, identity, purity and im-
purities can only be developed by
thorough characterization to deter-
mine, for the purpose of selecting
potency and identity assays, which
biological activities and phenotypic
properties of the product may best
predict clinical benefit; and, for the
purpose of selecting assays for con-
tent, purity and impurities, how
the process contributes to the over-
all composition of the DS and DP.
Ultimately, all specifications must
be justified based on the analysis of
data from manufactured batches,
and so it is important to implement
as many assays as considered appro-
priate for full characterization start-
ing in early development such that
sufficient data are available to make
an informed decision on which as-
says should be chosen for CQAs —
and subsequently fully validated —
in late development (assays should
be suitably qualified in early devel-
opment to show that they are fit for
purpose and generate reliable data).
A scientific and technical justifica-
tion must be provided in the MAA
in case certain release tests cannot
be performed. In such circumstanc-
es, adequate in-process controls
should be incorporated into the
manufacturing process, supported
by the results of the clinical studies.




In addition to the ATMP-specif-
ic guidelines [8,12], the ICH Q6B
guideline Specifications: Test Pro-
cedures and Acceptance Criteria for
Biotechnological/Biological Prod-
ucts [17] also provides guidance of
relevance to ATMP developers on
product characterization and set-
ting of specifications.

Further characterization is need-
ed to determine other quality aspects
of ATMPs that will not become part
of the DS or DP specification but
are predictive of safety and effica-
cy, for example tumorigenicity po-
tential and karyotypic stability for
SCTMPs and TEPs (the primary
guidelines on ATMPs provide a full
discussion [12,13]).

Demonstrating the stability
of DS & DP

Stability testing is required to gen-
erate data in support of shelf lives of
DS, DP (in the final container) and
any intermediates for presentation
in the IMPD and MAA, and these
data should be acquired throughout
the product development phase as
part of the characterization stud-
ies. However, DS stability testing is
not always relevant when the DS is
immediately processed into the DP.
Stability testing should incorporate
a similar analytical testing plan as is
used for product characterization,
although it may be necessary to use
stability-specific tests either addi-
tionally or instead to create a stabil-
ity-indicating profile. While not all
characterization and stability assays
will be available and/or fully vali-
dated until the later stages of devel-
opment, it is important to begin a
stability testing program with avail-
able assays as early as possible in
development because stability data
need to be included in regulatory
submissions throughout the clinical

development phase even prior to
MAA. Guidance on stability studies
can be found in the ATMP-specific
scientific guidelines [12,13] and also
in Note for Guidance on Quality of
Biotechnological Products: Stability
Testing of Biotechnological/Biolog-
ical Products CPMP/ICH/138/95
[19]. Like the ICH Q6B guideline
[17], this latter guideline was writ-
ten for biological/biotechnological
products but is acknowledged as
also having relevance for ATMPs.

For ATMPs, in-use stability
should also be studied to determine
the time window within which
the product should be used at the
point of use. Various scenarios can
be envisioned, which for cell-based
ATMPs primarily concern their vi-
ability as an indicator of stability.
For example, the in-use stability of
TEPs, which because of their nature
are likely to be shipped as non-cryo-
preserved products immediately on
DP formulation, may only be a few
hours and will also include the ship-
ping time until the product reaches
the surgical site. Similarly, cells that
cannot be cryopreserved at the DP
stage will need to be shown to with-
stand shipping times and condi-
tions as part of their in-use stability
profile. Considerations for products
that can be cryopreserved at the DP
stage will need to include how they
are further stored at point of use and
also the timeframe in which they are
used on controlled thawing, which
may require time for further prepa-
ration (such as compounding of
lots) as well as time for administra-
tion to the patient.

Container closure systems

Another aspect of overall product
characterization and stability test-
ing is the determination of the suit-
ability of container closures systems
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for DS and/or DD, data for which
are presented in specific sections
of CTD Module 3. Even for AT-
MPs that have a short in-use shelf
life, a container closure system of
some description (e.g., transfusion
bags or cryovials) in which the final
product is formulated and trans-
ported from the manufacturing site
to the point of care will be needed.
For any product formulation, the
container closure system must be
demonstrated to be suitable. This
may include suitability in terms of
its potential effects on the CQAs of
the product, compatibility with the
product in terms of any extractable
or leachable components that may
contaminate the product, compati-
bility with the formulation in terms
of adsorption of the active substance
and/or excipients to surfaces, com-
patibility with storage temperature
(including freeze—thaw manipula-
tions for cryopreserved products)
and suitability in terms of main-
taining a product’s quality during
transport via the means that will
be used to distribute the clinical or
commercial product. Appropriate
evaluation or validation studies will
therefore need to be undertaken.

Manufacturing process de-
velopment & comparability
studies

Regulatory agencies understand that
manufacturing processes will evolve
during the developmental phase to
improve the product through the
refinement of specifications and/or
the use of more suitable materials,
implementation of more efficient/
robust process steps and controls, or
use of improved analytical methods.
Indeed, the role of process develop-
ment experimentation is to create
a fixed process comprising defined

operations, PPs, IPCs and DS/DP/
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intermediate quality attributes such
that those critical to determining
product quality can be identified.
Changes in manufacturing process-
es made for these purposes must
therefore be demonstrated to main-
tain or improve product quality (in
terms of characterization data and
process controls), and this is the ba-
sis of comparability studies. Com-
parability studies therefore compare
the quality of a medicinal product
manufactured according to the cur-
rent and proposed new processes
using some or all of the assays im-
plemented to characterize the prod-
uct, control the process, develop the
release specifications and determine
stability. Comparability studies are
typically performed at the level of
product quality initially, and clinical
data will only be required if com-
parability cannot be demonstrated
through CMC and/or nonclinical
studies. Guidance on comparability
studies that can be applied to AT-
MPs is provided in the ICH Q5E
guideline, Comparability of Bio-
technological/Biological ~ Products
Subject to Changes in their Manu-
facturing Process [20].

Technology transfer &
process validation

The final step in manufacturing
process development of medicinal
products is process validation, which
is done in parallel to or following
the successful pivotal clinical trial to
ensure that the commercial process
being proposed in the MAA is fit
for purpose (i.e., can reproducibly
deliver a product with the requisite
quality attributes predictive of safe-
ty and efficacy at the scale required
to supply the market). At this stage,
all analytical methods should also be
validated according to the ICH Q2B
guideline Validation of Analytical




Procedures: Methodology [21]. Pri-
or to clinical trials earlier in devel-
opment, process validation in the
strict sense does not apply. Rather,
process robustness is shown through
technology transfer of the process
from the development laboratory
to the manufacturing facility [22].
Technology transfer of a process will
typically involve, first, shakedown
runs to adapt the process to GMP
requirements and finalize operating
procedures; second, engineering
runs to confirm the procedures and
demonstrate robustness and repro-
ducibility of the process in support
of initiation of clinical manufactur-
ing; and third, GMP manufacturing
runs to supply product to clinical
trials. DS, DP and intermediates
from engineering and GMP runs
are typically used in characterization
and stability studies.

Validation of the commercial
process is carried out ideally at in-
dustrial scale as required for com-
mercial supply. Historically, a mini-
mum of three successful engineering
runs has been considered necessary
to demonstrate that the process
is validated, but product require-
ments should be evaluated individ-
ually through a risk-based approach
that takes into account process and
product knowledge together with
continuous validation requirements
over the product lifecycle.

CONTROLLING ATMP
QUALITY THROUGH
PROCESS INPUTS: STARTING
MATERIALS, RAW MATERIALS
&EXCIPIENTS

Starting materials

An ATMP’s ultimate specification is
a reflection of data generated during

development to characterize its full
complement of quality attributes
and identify those that are criti-
cal to safety and efficacy. Quality
attributes are essentially intrinsic
properties of the starting materials
used in product manufacture, and
the quality of the starting material
therefore influences the quality of
the product. For a cell-based ATMP,
for example, this may be in terms of
the ability to obtain the cell popu-
lation with the desired therapeutic
activity in sufficient quantity and/
or eliminate undesirable cellular
impurities or contamination with
adventitious agents that may over-
take the culture or put patient safety
at risk.

Starting materials for ATMP
manufacture are cells, vector stocks
or tissues of human and/or animal
origin, and this presents the need to
control the spread of disease-causing
and other adventitious agents (vi-
ruses, bacteria, fungi, mycoplasma
and transmissible spongiform en-
cephalopathy [TSE] agents). Cells
may be either autologous or alloge-
neic donations (e.g., a leukapheresis
sample), or a qualified, GMP-grade
cell bank (e.g., pluripotent stem cells
or a cell line used to amplify a viral
vector). Vector stocks (e.g., adenovi-
rus or retrovirus constructs contain-
ing therapeutic gene sequences and
any associated helper viruses) can be
considered analogous to cell banks,
and therefore should also be appro-
priately qualified and manufactured
in accordance with GMP. Finally,
tissues may be either autologous or
allogeneic donations (e.g., a corneal
biopsy). The source and nature of
the starting material will therefore
determine the appropriate control
measures for its use in ATMP devel-
opment and manufacture.
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Donated cell and tissue starting
materials should be procured in ac-
cordance with the donor consent
and screening procedures described
in the EU Tissues and Cells Direc-
tives [23-26] or the Blood Directive
plus its three technical directives
[27-30] to prevent the transmission
of diseases. Additionally for such
starting materials, it will likely be
necessary to set, as appropriate, fur-
ther quality parameters with associ-
ated acceptance criteria, including
bioburden, absence of mycoplasma,
delivery time from the procurement
site,  tissue  size/volume/physical
form, total cell number obtained
and viability of the cells obtained.
Donated tissues may often be
non-sterile when procured and so
initial processing steps may need
to be performed in the presence of
antibiotics to reduce the bioburden.
However, antibiotics will need to
be removed from the process prior
to DP formulation and be demon-
strated to not present a process-re-
lated impurity.

Cell banks and virus seed stocks
are required to be manufactured
in accordance with certain guide-
lines to ensure their suitability for
ATMP manufacture. Specifically,
cell bank starting materials should
be manufactured and characterized
in accordance with the ICH Q5D
guideline, Derivation and Charac-
terization of Cell Substrates Used
for Production of Biotechnological/
Biological Products [31]. The typical
approach described in this guideline
is to create a two-tiered cell bank, in
which a master cell bank (MCB) is
initially produced from which one
or more working cell banks (WCBs)
are then derived to guarantee that
the capacity of the bank is sufficient
to enable continued supply of the
starting material (i.e., the WCB) for
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commercial manufacture without
depleting the MCB. This is of both
financial and operational impor-
tance because the level of character-
ization and testing required for the
MCB is greater than for the WCB.
Therefore, if a fully characterized
MCB can be shown to be stable over
a long period of time, it is quicker
and cheaper to derive new WCBs
from it when required rather than
derive one or more MCBs, which
would also need to be demonstrated
to be suitable for medicinal product
manufacture through comparabil-
ity studies. Characterization of cell
banks according to ICH Q5D is
carried out to ensure, among oth-
er things, sterility, absence of ad-
ventitious agents (also taking into
account the ICH Q5A guideline
[32]), cell identity, purity, karyotypic
stability and MCB/WCB stability.
Note that qualification of cell bank
starting materials in this way (which
is usually done by a contract manu-
facturer) does not reduce or negate
the need to characterize drug sub-
stances and drug products derived
from them, which should always be
done according to the appropriate
guidelines [12,13] as discussed above.

Starting materials for GTMPs
will depend on the vector being
used. As an example, those for ad-
enovirus-associated  (AAV)-based
vectors such as Glybera (Table 1)
[33] will include the virus seed
stock (or stocks when helper vec-
tors are needed to assemble the
complete therapeutic virus parti-
cle) and the producer cell line for
amplifying and packaging the virus
[34]. In common with cell lines, vi-
rus seed stocks should be banked
as master and working virus seeds
(MSVs and WSVs) whenever pos-
sible. The producer cell line(s) will
need to be qualified according




to ICH Q5D [31] as described
above, while the MSV and WSV
are characterized as described in
the GTMPs guideline [13]. Char-
acterization should include the
confirmation of genetic (genome
sequence) and phenotypic (capsid/
envelope proteins) identity, virus
concentration and infectious titer,
genome integrity, expression of the
therapeutic sequence, phenotypic
characteristics, biological activity
of therapeutic sequence, absence
of replication competent virus,
inter-vial homogeneity, sterility
and absence of mycoplasma. Addi-
tionally, the complete sequence of
the therapeutic and regulatory ele-
ments, and where feasible the com-
plete sequence of the virus in the

seed bank, should be confirmed.

Raw materials & excipients
As well as starting materials, the
potential for contamination with
disease-transmitting and other ad-
ventitious agents is also a risk for
raw materials or excipients of bi-
ological origin, both human- and
animal-derived (e.g., bovine serum,
porcine trypsin and human fibrin).
The selection of such materials
should therefore be carried out in
consideration of European Pharma-
copoeia monographs and specific
EMA Scientific Guidelines [35,36],
including those for human donors
[24-30], to ensure that viral and TSE
risks are eliminated. Risks posed by
xenogeneic viruses and TSE agents
(particularly bovine spongiform en-
cephalopathy) mean that animal-de-
rived materials should be avoided if
possible, and full qualification based
on risk assessment is necessary when
they must be used.

Other than bovine serum, wa-
ter for injections and miscella-
neous chemical reagents, very few

pharmacopeial-grade raw materials
suitable for use in the manufacture
of cell- and gene-based medicinal
products are currently available, and
out of necessity, non-pharmacopeial
grade (research-grade) materials
must be used instead. For pharmaco-
peial-grade materials, no further test-
ing is required if appropriate certifi-
cation for suitability and microbial
tests can be provided by the supplier.
If it is not possible to use pharmaco-
peial-grade materials, the developer
should implement tests (either in-
house or through a contract testing
laboratory) for assessed risks and
provide justified acceptance criteria
for the materials selected. This is true
for raw materials of both biological
and non-biological origin.

Risks associated with non-bio-
logical raw materials and excipients
may include contamination with
bacteria, fungi and/or bacterially
derived endotoxins, lack of a de-
sired activity, presence of undesirable
impurities, or absence of data con-
firming the identity of the material
itself. Assessing the risks may also
require that suppliers are audited to
ensure the suitability of their own
facilities, processes and materials,
and service level agreements should
be in place to ensure the quality of
the materials supplied. This level of
qualification also applies to materials
that may be labeled as GMP-grade,
which essentially is an indicator that
a material has been manufactured
in accordance with a GMP quality
management system in a licensed fa-
cility and should not be interpreted
as an indicator of suitability for use
in medicinal product manufacture.
Volume 9 of the European Pharma-
copoeia, due to come into effect on
01 January 2017, will contain a new
general chapter on “Raw materials of
biological origin for the production
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of cell-based and gene therapy me-
dicinal products for human use” that
will provide guidance on how certain
non-pharmacopeial raw materials
used in ATMP manufacture should
be selected and qualified. The guid-
ance provided will be similar to that
in Chapter 1043 of the US Pharma-
copeia [37], which is applicable for
cell and gene therapies being devel-
oped in the USA but may also be
useful in principle to EU developers.

Sterility is a crucial element of the
specification for ATMPs. Therefore,
risks to sterility presented by raw ma-
terials, many of which may be com-
bined into a culture medium for cell
growth, must be controlled. Culture
media are typically sterile filtered pri-
or to use, but filtration alone is not
sufficient to guarantee sterility be-
cause the efficiency of a sterilizing fil-
ter depends on the bioburden level in
the material to be filtered. Therefore,
the bioburden level in all non-sterile
components of a culture medium
should be determined (according to
pharmacopeial methods) prior to fil-
tration to ensure that the bioburden
level in the complete medium is not
too high to be cleared by filtration.
Applicable guidance is provided in an
EMA Scientific Guideline on finished
dosage forms [38]. Furthermore, the
efficiency of sterile filtration should
be tested using pharmacopeial steril-
ity or filter-integrity tests.

Certain excipients that may be
used in the formulation of ATMPs
will also have pharmacopeial mono-
graphs; they can therefore be consid-
ered suitable in terms of their quality
but should also be characterized with
respect to their combination with the
active substance. For excipients used
for the first time in ATMP develop-
ment, the regulatory requirements
for novel excipients in Annex I of
Directive 2001/83/EC1 [39] apply.
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SPECIFIC CMC CONSID-
ERATIONS FOR COMMON
AMTP MANUFACTURING
SCENARIOS

To illustrate how the principles dis-
cussed above apply to real-world
ATMP development programs [40],
considerations for manufacturing
ATMPs from donated tissue or
banked cell starting materials will
be outlined. These considerations
will also need to take into account
whether the manufacturing process
is based on a scale-out (small batch
size; e.g., autologous products, one
batch per patient) or scale-up (large
batch size; e.g., allogeneic products,
multiple identical doses per batch)
approach, and the specific biopro-
cessing technologies involved [1].
The development of many ATMPs
actually begins from donated tissue
starting materials, and mesenchy-
mal stem cells (MSCs) will be used
to highlight principles that will also
apply to other types of ATMDs,
such as ex vivo GTMPs and TEPs.
Banked cell starting materials will
instead be discussed from the per-
spective of in vivo GTMDs.

Manufacturing ATMPs from
donated tissue starting
materials

MSCs are commonly used adult stem
cells for ATMP development [41] that
can be isolated from donated tissue
starting materials such as bone mar-
row, umbilical cord blood and adi-
pose tissue [42], which are typically
of allogeneic origin although autol-
ogous tissues may also be used [43].
However, in common with other cells
isolated from donated tissues, their
bioprocessing at industrial scale pres-
ents a number of challenges [44,45]
and concerns related to the heteroge-
neity and donor-to-donor variability
of the starting materials from which




they are obtained, the low percentage
of MSCs within these starting mate-
rials, the finite lifetime of the cells in
culture and the development of ap-
propriate potency assays reflective of
clinical mode of action [46-51].

Various bioprocessing technol-
ogy options may be employed for
large-scale manufacturing of MSCs
once isolated from the starting ma-
terial, but in all cases the manufac-
turing process is based on expan-
sion of a selected cell population
expressing the MSC phenotype
[52]. It is this expansion stage that
determines how the characteriza-
tion and control strategy should
be designed and implemented in
consideration of the chosen biopro-
cessing technology. The objective of
the expansion phase is to increase
the yield of MSCs with the desired
phenotype, i.e., to obtain sufficient
MSCs for therapeutic use within
their finite iz vitro lifespan [53,54].
This latter characteristic of MSCs,
together with potentially low ini-
tial yields from some tissue biop-
sies [55], means that one biopsy can
only be used to manufacture a lim-
ited number of batches of the final
MSC-based product. The process
must therefore be designed to be
sufficiently robust and reproducible
to manufacture multiple batches of
an ATMP with consistent specifica-
tions from any number of biopsies
of the appropriate tissue type. Pro-
cess robustness and reproducibility
are ensured through IPCs applied to
different stages of the manufactur-
ing process, such as the monitoring
of PDL, cell Td, morphology and
confluence, the timing of cell de-
tachment steps, and the control of
any cell washing, concentration and
filling procedures.

The simplest manufacturing
process scenario would involve

continuous expansion of MSCs iso-
lated from the starting material until
sufficient numbers can be harvest-
ed to formulate the product. This
scenario reflects the basic outline
shown in Figure 2; the DS would be
the cells at the end of the final pas-
sage, and DP manufacture would
involve harvesting the cells (DS)
from the culture vessels, resuspend-
ing them in an appropriate medium
and filling them into bags or vials
at a defined concentration and vol-
ume, ready for dosing. In practice,
however, such a simplistic manu-
facturing process cannot fulfill the
requirements of regulatory-compli-
ance for two main reasons.

One problem associated with
running the manufacturing process
continuously is that the expansion
phase may generate cell numbers
that cannot be handled efficiently
at the formulation phase. There-
fore, following an initial expansion
phase, it may be appropriate to in-
troduce a cryopreservation step to
provide individual cell aliquots for
further processing. MSC isolation
and expansion will represent an in-
termediate stage between the start-
ing material and the DS (Figure 3).
The most appropriate definition for
the MSC intermediate product, ac-
cording to the Guideline on Human
Cell-based Medicinal Products [12],
would be an intermediate cell batch
(ICB), which effectively is a limited
bank of primary cells from which
the DS is manufactured. Such a
bank of cells should therefore be
characterized for quality attributes
as described in the guideline, and
also as described in the ICH Q5D
[31] and Q5A [32] guidelines where
appropriate. It would also be pru-
dent to characterize the ICB as be-
ing phenotypically representative

of the cell type required for further
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product manufacture. However,
the ICB should not be considered
analogous to a MCB as described
in ICH Q5D, because the ICB is
comprised of primary cells that
must be derived on a more regular
basis for product manufacture than
a continuous cell line. Nonetheless,
specifications for the ICB should be
set, including cell identity (MSC
phenotype and/or genotype), puri-
ty, sterility, adventitious agent safety
and stability. The size of the MSC
ICB manufactured in this way will
depend mainly on the viable cell
yield obtained from the starting
material because, although the cells
will be expanded in culture, con-
sideration will need to be given to
PDL of the cells used to formulate
the final product. Therefore, process
development and product charac-
terization should address the appro-
priate PDL at which the ICB should
be banked and the DS defined (the
stage at which cell expansion stops),
in terms of the quality attributes re-
quired by the final product includ-
ing the target dose. This will differ
from product to product.

Of greater concern, a second
problem associated with running
the manufacturing process contin-
uously is that it does not provide
the opportunity to obtain release
test data confirming the specifica-
tions of DS and DP before the fi-
nal product is used to treat patients.
Downstream of ICB production,
the next stage in the manufacturing
process would be to further expand
a number of cells from the ICB un-
til the required number for dosing is
obtained within the PDL necessary
to deliver the requisite CQAs (po-
tency, identity, viability, purity). At
the end of this expansion phase the
cells would be cryopreserved again

as the DS batch, thus enabling the
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DS release specifications to be de-
termined using a representative
sample of cryopreserved aliquots
thawed from the total batch. In this
respect, it is possible to determine
(in combination with stability stud-
ies) that cells thawed from the final
cell bank (FCB) comprising the DS
will retain the requisite CQAs for
use in patients. However, because
any further processing of the cells
on thawing is likely to be minimal
(e.g., washing or dilution), whether
the FCB really represents the DP as
well as the DS can be questioned.
What is important in this situa-
tion is that the full complement of
CQAs is determined on the FCB
and that any additional tests neces-
sary on thawing (e.g., determination
of cell numbers and viability) are
performed before administration.
Agreement with regulatory agencies
through scientific advice procedures
may be necessary to obtain endorse-
ment for the characterization and
control strategy (including defini-
tion of DS and/or DP) proposed.
Cryopreservation of the FCB also
provides convenience in enabling
the cells to be thawed when need-
ed for administration to patients.
Ideally, this is carried out at the
point of care because the shelf life
of the cells will be short. Therefore,
the need to ship fresh cells requires
careful consideration of end-to-end
manufacturing and supply chain
logistics [1,56,57]. If developmen-
tal studies show that the FCB can
be cryopreserved and administered
on thawing without further cul-
ture, cryopreservation of the FCB
provides convenience to the supply
chain in being able to manufacture
a product that can be shipped fro-
zen and further stored at clinical
sites within the shelf life demon-
strated by stability studies. In this
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case, the clinical site will need to
be provided with validated instruc-
tions on how to prepare the product
for administration (e.g., wash to re-
move cryopreservative).

It is true, however, that not all
ATMPs can be cryopreserved to en-
able release testing to be performed
before patient treatment, with TEDPs
providing the best example. For
such products, the DP may need to
be released on the basis of DS test-
ing, but DP release tests should still
be performed so that specification
data can be obtained post-adminis-
tration for information that may be
used to evolve the manufacturing
process or inform the results of pa-
tient follow-up. For some ATMPs, it
may also be appropriate to perform
release tests on an ICB as a surrogate
for the DS, which may also substi-
tute for DP release testing prior to
administration. This reduced testing
at the DP stage should be justified
based on the relative risks posed by
process operations from DS to DD,
and appropriate control through the
use of carefully selected IPCs should
be demonstrated where necessary.
The manufacturing process for Ho-
loclar (Table 1) provides a good ex-
ample [58].

Manufacturing ATMPs
using established cell banks
as starting materials

Established cell banks that can be
used as starting materials for ATMP
manufacture may include induced
pluripotent stem cells (iPSCs) for
the derivation of terminally differen-
tiated cells that may have therapeutic
applications [59-62], and producer
cell lines used in the production of
viral vectors [63,64]. All such cell
lines should be manufactured and
characterized in accordance with the

ICH Q5D guideline [31] and other

DOI: 10.18609/cgti.2016.056

relevant guidelines [12,13] to qualify
them for use as starting materials in
ATMP manufacture. Note that cell
lines can also be classified as raw ma-
terials, for example xenogeneic feed-
er cells on which human stem cells
may be cultured [58].

It is possible that these cell line
starting materials could be used to
manufacture the DS either indirect-
ly (i.e., via intermediates) or direct-
ly. For example, the derivation of
terminally differentiated cells (such
as  mesenchymoangioblast-derived
MSCs [65] and retinal pigment epi-
thelial cells [66]) as a DS from iPSCs
may occur through a direct process,
but the production of a viral vector
would require several intermedi-
ates (Figure 4). Whilst some 7 vivo
GTMPs (such as the oncolytic virus
product, Imlygic; Table 1) may be
replication-competent [67], other vi-
ral vectors including those used for
used for ex vivo gene therapy should
be replication-deficient for patient
safety reasons [68], and this means
that the replication and packaging
of the viral genome in a cell line re-
quires helper viruses which provide
those functions in trans. Therefore,
the working seed stocks of the rep-
lication-deficient therapeutic virus
and the helper viruses, which are
classified as starting materials accord-
ing to the EMA guideline [13], are
initially amplified as intermediates
that are then used to infect the pro-
ducer cell line.

The production of viral vectors
involves the generation of a number
of other intermediates. In fact, the
production of viral vectors is more
similar to the production of thera-
peutic recombinant proteins than
cell-based ATMPs, involving expres-
sion of the vector in the producer cell
line followed by chromatographic
purification together with filtration,
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concentration and buffer exchange.
These steps will generate a number of
intermediate products that should be
subject to IPCs to control the CQAs
of the final product. Of course, con-
siderations for DS and DP testing
as discussed above for donated tis-
sue-derived ATMPs may also apply
to banked cell-derived ATMPs and
should be incorporated into the de-
velopment strategy.

For ATMPs derived from both do-
nated tissue and banked cell starting
materials, it is therefore important to
determine the approach most appro-
priate to manufacturing process de-
velopment and control for any indi-
vidual product, and this may involve
discussions with regulatory agencies
at scientific advice meetings.

CONCLUSIONS

This article those
aspects of ATMP quality devel-
opment that should be addressed

has discussed

to enable dossiers suitable for EU
regulatory submissions to be com-
piled. ATMPs comprise a diverse
class of products, and although each
product will have its own specific
quality development requirements,
common CMC principles as high-
lighted here apply to all. Combined
ATMPs (incorporating a medical
device) [3] create further product di-
versity but have not been discussed
here. However, the same principles
described in this manuscript would
apply to the ATMP component,
although they would additionally
need to be thoroughly characterized
in combination with the device.
Like all medicinal products in de-
velopment, not every investigation-
al ATMP will progress successfully
through clinical trials to MAA stage,
but designing the development

DOI: 10.18609/cgti.2016.056

program with a MAA in mind can
maximize the chances of success for
all products and be further enabling
for those products that will hit this
milestone. For an effective quality
development program, understand-
ing the CMC requirements of CTD
Module 3 is useful in this respect to
enable a manufacturing process to
be designed and implemented in
line with the common CMC el-
ements that need to be addressed
in a regulatory submission, and to
keep pace with a successful clinical
development programme heading
towards pivotal trials and MAA.

Product-specific CMC consider-
ations will vary according to nature
of the starting material (autologous
vs allogeneic), the ATMP classifica-
tion (SCTMPE, GTMP or TEP) and
the manufacturing process modality
(scale out or scale up; intermediate
steps or continuous processing), all
of which will impact on how the DS
and DP manufacturing processes are
designed and controlled to enable
appropriate characterization studies
to be performed that will be support-
ive of product release to patients.
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