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RAW MATERIALS FOR CELL & GENE
THERAPY: GETTING IT RIGHT FROM
THE START
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Addressing particulates,

extractables and leachables and the

quality of single-use systems for cell
and gene therapy manufacturing

Dominic Clarke

Cell and gene therapies (CGT) continue to demonstrate great promise
and the recent commercial successes over the past year have further
strengthened excitement and support for the industry. While improve-
ments and advancements continue, manufacturing of CGTs continues
to offer challenges. Experiencing manufacturing challenges is expected
with an emerging industry, but manufacturing CGTs also presents some
unique complexities when compared to similar industries. Production of
CGTs, and specifically patient-specific products, rely exclusively on sin-
gle-use systems (SUS) as the raw materials. Since the product is the out-
put of the process, the quality of the raw materials used in the manufac-
turing process is critical. CGT raw material quality includes a wide range
of aspects, many of which require specific attention given the heavy
interaction of the cells and the SUS. For the context of this paper, the
main focus will center on the growing need to further understand how
to address particulate matter and extractables and leachables for CGT
products.
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Advances and investment in the
cell and gene therapy industry have
grown significantly and the recent
commercial approvals have further
strengthened the excitement and

enthusiasm for these therapies. As
the demands for these therapies
continues to increase, measures to
improve manufacturing efficiencies,
scale and reproducibility will be

challenged. Given the unique aspect
of not only generating CGTs, but
also demonstrating reproducible
consistency from product to prod-
uct, the quality of the raw materials
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used for each process is extremely
critical. The raw materials or com-
ponents used to manufacture CGT
products can vary greatly depending
on a number of inherent factors di-
rectly impacting the product quality
attributes [1,2].

Raw materials (RMs) for CGTs
often includes ancillary materials
or the two are used interchangeably
which can be complicating. As pre-
viously described, the term ancillary
material (AM) is not a globally rec-
ognized term by regulatory author-
ities and is then referred to as a raw
material [1]. To further complicate
matters, the components defined as
RMs can be different depending on
the industry perspective. In some
instances, manufacturing RMs for
CGTs have been defined as the
starting materials, reagents and sol-
vents used in the products, where-
as AMs are commonly included as
the RMs that are not intended to
be present in the final product [2].
In biomanufacturing, RMs include
the chemicals (e.g., media, buffers,
excipients, process agents, cleaning
solutions), the single-use dispos-
able systems and the packaging [3].
Single-use systems (SUS) or dispos-
ables, for the purposes of this paper
are considered as critical raw mate-
rials or critical ancillary materials
(region dependent) in the develop-
ment and manufacturing of CGTs.

SUS are widely accepted and
generally essential to the production
of CGTs, especially patient-specific
therapies, based on the nature of the
starting materials and the manufac-
turing processes. In many of the cur-
rent CGT manufacturing processes,
it is entirely safe to assume that ev-
ery step includes a single-use con-
tainer or component. SUS, which
consist of but not limited to tubing
sets cell expansion containers, and
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in-process or final containment, of-
fer the process flexibility necessary
for development, clinical and com-
mercial production [4].

While highly important to en-
abling the manufacture of CGT
products, SUS can also significant-
ly impact the quality of the pro-
cess and the product as many of
the components are in direct con-
tact with cell-based materials (as
indicated in Table 1). Many of the
current established patient-specific
CGT manufacturing processes are
continuous in nature as the starting
cell-based material through numer-
ous manipulations is also the final
cell-based product. As such, any
single-use product or material that
contacts the cells during the process
could introduce impurities or con-
taminants [4,5]. As most of the SUS
used for CGT manufacturing have
been designed or intended for the
bioprocessing and blood manage-
ment industries, ensuring the com-
patibility and quality of each com-
ponent that comes in direct contact
with the cells is highly critical.

Whether the CGT products ex-
perience direct or indirect contact
with SUS materials, there is a list
of common quality attributes of the
materials including items like bio-
compatibility (e.g., USP Class VI),
free of animal-derived components
(or have a statement detailing and
minimizing risk if animal-derived
components do exist), sterility (in-
cluding endotoxin and pyrogen
control), extractable and leachable
(E&L) materials and particulates
[5]. While these attributes can all
collectively impact the CGT prod-
uct and ultimately the intended re-
cipients, the focus of this discussion
will target the latter when address-
ing SUS. Particulate matter along
with E&L pose unique challenges




—» TABLE 1
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Single-use
Collection bags
Transfer/processing
bags

Transfer (tubing) sets

Cell expansion
container

Media containers

Cryopreservation
container

storage

Starting materials
Wash; manipulation

Fluid transfer; sample re-

moval; reagent addition
Cell culture or expansion

Culture media; cryomedia;
buffer storage

Final fill; in-process frozen

Commonly used single-use systems for CGT manufacturing.

Intended purpose Material (common)

PVC (polyvinyl chloride)

PvC

(polyethylene)

polyethylene)

PVC, ABS (acrylonitrile butadiene styrene),
C-Flex®, Silicone

Polyolefin, EVA (ethylene vinyl acetate),
FEP (fluorinated ethylene propylene), PE

PVC, polyolefin, EVA, FEP, PE, PETG (polyeth-
ylene terephthalate glycol), LDPE (low density

Polyolefin, EVA, FEP, PP (polypropylene), COC
(cyclic olefin co-polymer)

for CGTs and this includes the sin-
gle-use suppliers, CGT manufac-
turers, testing facilities, regulatory
agencies and the intended patient
population. Particulates and E&L
for SUS have been investigated
and addressed extensively in the
literature to support their utility
for manufacturing biologics [6-9].
Furthermore, the Bio-Process Sys-
tems Alliance (BPSA) has played a
significant role in developing guid-
ance documents and recommenda-
tions to address both topics with re-
spect to SUS for bioprocessing and
manufacturing of biologics [10,11].
The information described in these
documents and the literature, while
helpful, does not address the unique
manufacturing challenges presented
with CGTs. Some literature certain-
ly exists highlighting the challenges
and concerns for particulate matter
and E&L for CGT [12-14], but ad-
ditional effort and attention is need-
ed to offer guidance to the industry.

One of the main concerns for
the industry with respect to partic-
ulates and E&L is due to the gener-
al unknown. With the industry still
evolving, no clinical studies exist to
date detailing any potential nega-
tive impact of these impurities. The

risks of particulate matter in inject-
able products have been discussed
extensively by Bukofzer er al. [15].
Additionally, a number of guidance
documents have been developed to
aid in managing particulate matter
and E&L risks for SUS to support
the bioprocessing and biophar-
ma industries. These studies and
documents, while informative, are
not specific to CGTs. Since the
CGT industry does not currently
have industry specific guidance,
suppliers and manufacturers have
been reliant on the practices tak-
en by other industries. Due to
the lack of available guidance and
general awareness regarding par-
ticulates and E&L for CGTs, the
approach to this point has been
to try and follow what other in-
dustries are doing or evaluate on a
product-by-product basis. To date,
the main driving forces behind the
overall concerns for particulates
and E&L are the lack of data specif-
ic to CGT products combined with
the often-complex manufacturing
processes involving SUS. As the
industry matures, studies and data
will likely become available to help
address the relevance of particulates

and E&L for CGTs.
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Particulate  contamination of
CGT products can present signifi-
cant potential risks to the products
and the intended patients as many
of these products will be adminis-
tered through intravenous injection,
but the overall severity of the risks
is often unclear as it depends on
the intended administration route,
dosage volume, particulate prop-
erties (size, shape, composition,
number) and the target location or
fate of the particulate [13]. Given
the data detailing the risks associ-
ated with injectable products [15]
and the similarities to CGT prod-
ucts, managing particulates in CGT
manufacturing continues to be a
challenge to the industry. The cen-
tral factor in addressing particulates
stems from the cell being the final
product which to date has eliminat-
ed the use of a final filtration step as
can be accomplished in the biolog-
ics industry [5,12,13]. Removal of
particulates from the final products,
which are greater in size comparison
to the cells is a possibility, but per-
forming this type of a step presents
several risks to the products and
will likely require extensive testing
and validation. Removal of smaller,
sub-visible particulates represents a
different challenge. Visual inspec-
tion of final product containers for
particulate matter is common prac-
tice in in the pharma industry [15],
and this form of inspection is also
applied by those developing CGT
products. Visual inspection of CGT
products is inherently challenging
since the final products tend to be
opaque and therefore ‘clouding’
the ability of the visual inspector to
observe particulates. Even if a visi-
ble particulate is detected, many of
the products are singular and pa-
tient-specific eliminating the option
to simply discard the batch. From
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an industry perspective, produc-
tion of CGTs is still relatively new
and until recently, few commercial
products and manufacturing pro-
cesses existed which limited data
and corresponding knowledge on
how we address and manage partic-
ulates. The knowledge gained from
these commercialized products and
manufacturing processes will prove
to be valuable to the entire indus-
try on how we handle particulates.
Benefits will enable the develop-
ment of industry appropriate guid-
ance along with better methods to
reduce or monitor particulates to
ensure patient safety.

Many sources contribute to the
accumulation of particulates and
with manufacturing, a major source
has been attributed to the clean-
room personnel which includes
the staff and activity [16]. As de-
scribed in the 2016 paper by Clarke
et al., particulates have potential
ingress routes at every step due to
the complexity of CGT processes
— this includes the abundance and
types of materials used along with
the extensive number of handling
steps. The reduction of particulates
therefore is a collective effort, which
includes both suppliers and CGT
manufacturers [12,13]. SUS are in-
valuable for the development and
production of CGT products. They
are ideal for smaller batch sizes and
enable significant process flexibili-
ty — both of which are key in the
development and clinical manufac-
turing success of CGTs. SUS also
represent a likely source of particu-
late contribution and therefore sig-
nify a natural focal point for mon-
itoring and reduction [5-7]. SUS
in the form of containers, tubing
sets, filters, fittings and sensors for
example are present from the start-
ing material to the final product.




The final product container tends
to be the focal point for assessing
particulates, and rightfully so, but
as noted particulates are a cumula-
tive process with respect to CGTs
[13]. Efforts to reduce particulates
in SUS are an ongoing effort as a
means of continuous improvement
and suppliers of SUS, like Charter
Medical. Some of the ways suppliers
can look to achieve possible reduc-
tions include more carefully con-
trolled cleanroom manufacturing
environments, minimizing welding
and cutting operations whenever
possible, optimized process flow to
reduce excessive movement in the
manufacturing space, reduced han-
dling of materials, obtaining and
using higher grade materials (e.g.,
medical grade), introducing qual-
ified cleaning processes, and per-
forming 100% visual inspection.
Standards for particulates such
as USP <788> and USP <790> are
commonly applied for SUS in the
bioprocessing industry, however
no specifications have been stan-
dardized to date [6,7,10]. While
generally performed by suppliers
to support many of the single-use
containers, the incorporation of
these compendial standards are less
likely applied to the more common
used SUS used for manufacturing
CGTs. This is due in part to the
evolving nature of the industry, the
borrowing of SUS intended for oth-
er industries and a lack of defined
requirements [13]. Blood collection
bags and blood transfer packs (pro-
cessing bags) are good examples of
SUS used extensively in CGT man-
ufacturing due to patient-specific
starting material that have been
designed with alternative industry
standards. Furthermore, single-use
containers are often assumed to be
the primary source for particulates,

but single-use fluid tubing or pro-
cessing sets (transfer sets) should be
considered. Tubing sets, applied ex-
tensively during CGT manufactur-
ing, can regularly be overlooked as
significant particulate contributors
given their simplicity and transient
use. Particulates are difficult to visu-
alize and assess in tubing sets due to
their design and lack of clarity and
should be evaluated within the pro-
cess. It’s therefore important to use
SUS (e.g., containers and tubing
sets) designed for the CGT industry
as more of these products are and
will become available [17].
Continued advances will be re-
quired to assess particulate load in
all facets. Particulate measurement
typically has two main aspects that
includes human visual inspection
by the manufacturer during assem-
bly and the end-user prior to appli-
cation and rinsing or flushing of the
components used in the CGT man-
ufacturing process [6,13]. Visual
inspection steps designed to moni-
tor the pre-used, empty SUS (con-
tainers, tubing sets) for particulate
can be inherently challenging based
on the clarity of the materials used
and the complexity of the poten-
tial designs. Well-developed visual
inspection systems and personnel
training can be helpful, but addi-
tional measures will be necessary.
Furthermore, visual inspection does
not address the sub-visible particu-
lates they may be part of SUS. The
incorporation of a flush step by the
CGT manufacturers prior to use
can help to reduce or eliminate par-
ticulates and also aid in providing
valuable data and feedback to sup-
pliers. This information will help in
determining the likely source and
aid in developing reduction and
improvement strategies. Ultimate-
ly, component suppliers and CGT
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manufacturers will work together
in an effort to develop more effi-
cient practices to manage or reduce
particulates. This may come from
suppliers developing and offering
SUS designed to support the CGT
industry or the collective reduction
of processing and handling steps
by both suppliers and manufactur-
ers. Other options may include the
use of new devices for filtration or
unique methods to separate the cells
and particulates similar to other in-
dustry practices.

Advances will continue, but the
overall goal of zero particulates is an
unachievable specification for SUS
[6,10,13] and for the CGT industry
based on the nature of the collective
processes and components (raw or
ancillary materials). SUS suppliers
will continue to make dedicated im-
provements to control and reduce
particulates to support the industry
while CGT manufacturers will need
to continue optimizing process steps
and monitoring particulate load per
their respective manufacturing pro-
cesses. A common goal for suppliers
and manufacturers alike is to work
together to minimize and optimize
processing steps as this will aid in re-
ducing particulate matter. The con-
tinued goal for the industry should be
to minimize and control particulates
without setting unnecessary or un-
reasonable expectations which could
significantly impact SUS suppliers,
CGT manufacturers and more im-
portantly patient access to these po-
tentially life-saving products.

Particulates are an obvious
choice of concern for the CGT in-
dustry due to the potential health
risk, but concerns about extract-
able and leachable materials have
elevated. Extractables are chemi-
cal compounds from both direct
and indirect contact materials that

DOI: 10.18609/CGTI1.2018.020

migrate when exposed to an appro-
priate solvent under exaggerated
conditions whereas leachables are
typically a subset of the extractable
compounds that migrate into the fi-
nal product formulation as a result
of material contact under normal
manufacturing conditions [5,8,9].
E&L are very often associated with
SUS due to their common inclu-
sion of additives, which can in the
material formulation and stabili-
ty. Common additives may con-
sist of antioxidants, stabilizers and
processing aids such as lubricants
or antislip agents [9]. Many of the
common SUS materials used in a
CGT process as described in Table
1 contain varying degrees of addi-
tives. Materials like PVC tend to
have more additives compared to
FEP materials where additives are
limited. Given the extensive use of
SUS for CGT manufacturing, the
cell-based product and the variety
of possible contact surfaces and
contact time, it is reasonable to be-
lieve that CGT products could be
impacted by leachable compounds.
For biopharmaceutical companies,
regulatory guidelines require that
the product contact items are not
reactive, additive or absorptive to
ensure drug product quality and
safety [8]. Organizations including
the BPSA, BioPhorum Operations
Group (BPOG) and DECHEMA
were formed to support, encourage
adoption and provide guidance of
SUS for biopharmaceutical pro-
duction and highly recommend
that E&L testing programs be im-
plemented early in the develop-
ment process to reduce the risk for
possible late-stage manufacturing
changes [11,14,18]. Although specif-
ic guidance does not currently exist
for the CGT industry, risk-based
approaches should to be considered.




Extractables testing for SUS is
typically completed by the supplier
of the materials in an effort to sup-
port the manufacturer and the in-
tended application. The extractables
study design is determined through
a combination of industry guid-
ance, the intended application or
use of the SUS and the E&L testing
facility. Extractables testing stud-
ies conducted by suppliers of SUS
typically comprise filling or soaking
SUS components in model solvents,
and testing the resultant extracts for
compounds released to the solvent
by the treatment [9,11]. Length of
exposure and temperature rang-
es are extended to exaggerate the
chemical conditions of actual use.
The data from the extractable study
is intended to support the manufac-
turer or end-user of the material to
estimate the types and amounts of
leachable material that may be gen-
erated by the SUS during its intend-
ed CGT use. This enables the CGT
manufacturer and regulatory agen-
cy to assess potential risks of the
materials to patient safety and to
demonstrate compatibility with the
CGT product. Additional leachable
studies may need to be conducted
by the CGT manufacturer based on
product specific identified risks.

A thorough understanding of the
CGT process is necessary for an ef-
fective E&L program. Unintended
E&L contaminants (similar to par-
ticulates) can enter throughout the
entire CGT manufacturing process
and accumulate. An impurity or
contaminant (leachable) entering
a CGT production stream could
affect cell growth or expansion
in-process or ultimately impact a
specific critical quality attribute of
the final cell-based product. Studies
have been reported in the literature
describing the potential associated

risks of leachable contaminants and
the importance of evaluating and
understanding E&L [19,20]. We
should keep in mind that that while
manufacturing of CGT products
is highly reliant on SUS, the con-
ditions experienced during man-
ufacturing (e.g., length of contact
material exposure time, solvent/
solutions) are typically less invasive
in comparison to those in the bio-
pharma industry. Common contact
materials for CGTs may include
collection bags, processing contain-
ers, cell expansion bags, tubing sets,
filters, connectors, syringes and final
container vials or bags. Regardless, a
risk analysis of each product contact
material used in the process should
be evaluated. Some of the variables
to consider include:

» Proximity to the final product

» Extraction capability of the

solution
» Contact time
» Contact temperature
» Product contact surface area
» Pre-treatment of the material
» Material compatibility/resistance

» Supporting extractable testing
provided by supplier

Overall risk is typically affected
through multiple factors and are
commonly divided into process-re-
lated and dose-related groups. Pro-
cess-related factors include items
such as contact area and contact
time whereas dose-related factors
will include dosage volume, dosage
frequency [9,14].

While leachable contaminants
from SUS can affect a CGT product
throughout the entire process, the
final product and final product stor-
age container are often deemed the
most critical due to proximity to the
intended patient. Adding to the po-
tential risk for CGT final products
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— the majority of these products
are cryopreserved, which includes
the inclusion of DMSO (dimethyl
sulfoxide) as a critical cryoprotective
agent. DMSO is also a very strong
solvent material and likely one of
the stronger solvents associated with
current CGT products and manu-
facturing processes. The inclusion
of DMSO is not typically used for
biopharmaceutical final products
and is not addressed or recommend-
ed in traditional industry-related
E&L testing guidance and is often
not provided with SUS supporting
extractable testing reports offered by
suppliers — see BPSA Recommenda-
tions for Testing and Evaluation of
Extractables from Single-Use Process
Equipment for information specific
to SUS for bioprocessing. While not
common for bioprocessing SUS,
E&L testing on SUS intended for
CGT applications should consid-
er the inclusion of DMSO. Some
suppliers, like Charter Medical, of-
fer SUS intended for CGT having
extractable testing and data packages
that include DMSO. It may be as-
sumed that the risk for leachables is
minimal due to the extreme frozen
(typically below -150C), but what
happens during exposure when fill-
ing (chilled or ambient conditions)
or thawing? The CGT industry can
look to the blood industry and the
historical use of DMSO and cryo-
preservation in SUS for storage and
transplant of hematopoietic stem
cells for confidence, but while some
aspects are similar (cell-based) the
products and processes are ultimate-
ly different. This represents just one
example of the unique differences in
the use of SUS for CGT manufac-
turing and the need to develop in-
dustry specific guidance.

So, how should the CGT indus-
try handle E&L now and for the
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future? First and foremost, manu-
facturers need to understand their
process to establish an effective
science and risk-based assessment
plan. Higher risk SUS materials
within the process can then be eval-
uated to determine possible require-
ments. Many of the SUS materials
used for CGT manufacturing and
available to the industry have been
borrowed from other industries
and likely dont have the appro-
priate extractable testing and data
or any extractable data period. If
quality extractable testing and data
is available from the SUS supplier,
manufacturers may be able to use
the data to determine the potential
for those extractables to be pres-
ent as leachables in their product
[9]. The results of an appropriate
extractables study can provide a
comprehensive list of compounds
that have the potential to become
leachables and reduce or eliminate
the need for additional testing. Ad-
ditional measures to reduce poten-
tial E&L risk include, working with
SUS designed to reduce the use of
potentially toxic leachables and to
reduce or optimize processing steps
minimizing the variety of contact
materials exposed to the products.
The current analytical techniques
and methods used to assess E&L
have been described extensively and
offer guidance to the CGT indus-
try [9,11,18,21]. While the analyti-
cal techniques used are sufficient,
the described protocols supporting
the bioprocessing industry need to
be modified to support the specific
intended use and applications for
CGTs. As mentioned above, CGT
specific process steps exist that are
not currently supported with many
of the routine extractable studies.
Some areas of consideration include
the number and types of solvents,




the temperatures and the time. The
inclusion of DMSO as a solvent
should be considered for example.
Elevated (warmer) temperatures are
typical, but since many CGT final
products are cryopreserved, perhaps
E&L studies need to consider cryo-
genic temperatures. Active collabo-
ration between manufacturers, sup-
pliers and the regulatory agencies is
critical and seeking out groups like
the BPSA, who have recently ded-
icated their efforts to supporting
and developing guidance for SUS
and the CGT industry will prove
beneficial.

SUS are a mainstay for current
and future manufacturing of CGTs.
The use of SUS is necessary based on
the nature of CGT products and the
process flexibility required — espe-
cially for patient-specific products.
For all the positives that SUS offer
to the industry, they also present
specific quality-related raw materi-
al challenges including particulates
and E&L. Evaluating and minimiz-
ing potential quality risks associat-
ed will come from the combined
efforts of SUS suppliers and CGT
manufacturers.  Suppliers should
continue to evolve and implement
strategies to control and reduce
contaminants. Manufacturers must
continue to assess the true risk of
these potential contaminants based
on the nature of their processes to

determine any possible impact to
their products and intended target.
Process knowledge and optimiza-
tion between both entities will help
to improve and guide the industry
forward in developing better, safer
products. CGT manufacturers and
suppliers must continue to work
closely together to ensure guidance
requirements are developed to aid
CGTs. Relying on guidance from
other industries are helpful as CGTs
evolve, but developing our own spe-
cific guidance will ensure product
and patient safety while at the same

time enable the success and contin-
ued growth of the CGT industry.
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Introducing Advect™ Fluid Transfer Sets
for cell and gene therapy applications.

Intended for sterile transfer of bone marrow
mononuclear cells from one container to another.

Finding the right fit for your fluid transfer needs shouldn’t be
stressful. With our Advect Fluid Transfer Set, you no longer have
to adapt products that were made for other industries. Designed
specifically for cleanroom manufacturing, it can be used with

your current sterile connection technologies and comes in 16
configurations, giving you the confidence you need to successfully

sterile transfer material at every step.

Advect” Fluid Transfer Sets Benefits

- Manufactured without DEHP - Meets single-use raw material quality \
expectations of cell and gene therapy

- Cleanroom compatible pouchin
P P 9 manufacturing

S CempEiise Min Sl - Supports industry expectations for

senmzeren lzere oy cell-based compatibility and \

- 510(k) Cleared & CE Marked particulate level control

Rx Only. Advect is a trademark of Charter Medical, Ltd.




