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Towards a commercial process for the manufacture of
genetically modified T cells for therapy
AD Kaiser1, M Assenmacher1, B Schröder1, M Meyer1, R Orentas2, U Bethke1 and B Dropulic2

The recent successes of adoptive T-cell immunotherapy for the treatment of hematologic malignancies have highlighted the need
for manufacturing processes that are robust and scalable for product commercialization. Here we review some of the more
outstanding issues surrounding commercial scale manufacturing of personalized-adoptive T-cell medicinal products. These include
closed system operations, improving process robustness and simplifying work flows, reducing labor intensity by implementing
process automation, scalability and cost, as well as appropriate testing and tracking of products, all while maintaining strict
adherence to Current Good Manufacturing Practices and regulatory guidelines. A decentralized manufacturing model is proposed,
where in the future patients’ cells could be processed at the point-of-care in the hospital.
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Redirecting the immune response towards cancer and infectious
diseases by genetically engineering T cells for therapy is currently
reaching an impressive momentum, with pivotal clinical trials and
commercialization of several products on the horizon.
Adoptive cell transfer (ACT) therapy against cancer using T-cell

receptor or chimeric antigen receptor (CAR)-retargeted T cells is
emerging as an effective and innovative treatment for cancer.1–4

Recently, ACT of anti-CD19 CAR-modified T cells resulted in
remarkable responses in patients with acute lymphoid leukemia.5,6

This success has boosted the field and attracted the attention of
the wider scientific and medical community and the public.
However, although gene-modified T cells for cancer therapy
represents an opportunity for the pharmaceutical industry, cell-
based drugs are somewhat different in their development,
properties and regulatory pathways than conventional off-the-
shelf medicines.
The clinical manufacture of gene-modified T cells is currently a

complex process that generally starts with obtaining the patient’s
peripheral blood mononuclear cells (PBMC). Current protocols
feature a leukapheresis step, trading off an initially more
cumbersome process (as opposed to a smaller volume blood
draw) for an increased cell yield.7 PBMC are often enriched for
T cells and activated prior to gene modification with viral or non-
viral vectors. The modified T cells are then expanded in order to
reach the cell numbers required for treatment, after which the
cells are finally formulated and/or cryopreserved prior to
reinfusion (Figure 1). The cell product must be subjected to a
number of quality control assays and has to meet all release
criteria and Good Manufacturing Practices (GMP) guidelines.
Thus far, ACT using gene-modified T cells has mainly been

carried out by investigators who have developed their manufac-
turing process for small scale clinical trials by using the devices
and infrastructure at hand. Anyone who has embarked on the task
of manufacturing patient-specific advanced therapeutic medicinal
products (ATMP) for clinical use will admittedly agree that it is
quite an undertaking. Such individualized therapies are complex:

the cell manufacturing process is labor intensive, as it comprises
many (open) handling steps (e.g., density gradient cell processing,
gene modification, washing, feeding and so on) that require
interventions from committed skilled operators who have under-
gone extensive training. The failure rate can be high owing to the
high skill and time demands on clean room personnel to make
these complex products. Moreover, dedicated infrastructure with
clean rooms and all required instruments must be in place,
qualified and functional to ensure aseptic and sterile containment.
These requirements restrict such clinical manufacturing to a
limited number of institutions worldwide. This in turn confines the
number of runs and therefore the number of patients that can be
served at any given time. Such unfavorable commercial distribu-
tion models impede investment and therefore the broad
development of these promising therapies for the patients that
need them.8

NEED FOR OPTIMIZATION OF MANUFACTURING PROCESSES
Given the growing interest in the field of gene-modified T-cell
therapy, efforts to optimize the manufacturing process are
necessary and justified to reach wider dissemination of this
therapeutic approach. Several investigators and companies are
working on improving manufacturing processes, producing GMP
grade materials and finding solutions to bring gene-modified T
cells to clinical routine. What are the basic requirements for
manufacture of a gene-modified cellular therapy product? First,
the manufacturing process must result in a safe and clinically
effective cell product for the patient. Second, the process must be
robustly reproducible, which is a prerequisite to validate it and to
ensure quality during the entire product life-cycle.
These requirements, especially with regard to process, can only

be partially met in the currently available clinical manufacturing
processes of therapeutic cell products. To overcome this limitation
several interconnected aspects must be re-considered: (i) robust-
ness of the cell manufacturing process should be improved to

1Miltenyi Biotec GmbH, Bergisch Gladbach, Germany and 2Lentigen Technology Inc., Gaithersburg, MD, USA. Correspondence: Dr A Kaiser, Miltenyi Biotec GmbH, Friedrich-Ebert-
Strasse 68, 51429 Bergisch Gladbach, Germany or B Dropulic, Lentigen Technology Inc., 910 Clopper Road, Gaithersburg, MD, USA.
E-mail: andrewk@miltenyibiotec.de or boro.dropulic@lentigen.com
Received 22 October 2014; accepted 5 November 2014; published online 23 January 2015

Cancer Gene Therapy (2015) 22, 72–78
© 2015 Nature America, Inc. All rights reserved 0929-1903/15

www.nature.com/cgt

http://dx.doi.org/10.1038/cgt.2014.78
mailto:boro.dropulic@lentigen.com)
mailto:boro.dropulic@lentigen.com)
http://www.nature.com/cgt


abrogate failure risks and enable standardization; especially the
integrity and sterility of the process needs to be addressed,
because the cultivation of the cells may take several days to
weeks; (ii) the process should be simplified as much as possible to
enable reproducibility, reduce workload and increase productivity;
(iii) the process should be scalable and cost effective to enable
product commercialization and availability for patients who need
them; and (iv) the process should meet the respective regulatory
requirements.

IMPROVING ROBUSTNESS AND RELIABILITY OF THE
MANUFACTURING PROCESS
Use of closed systems
Each manipulation or addition of reagents to the cell preparation
(e.g., washes, stimulation, transduction, feeding, sampling) creates
a risk for error and for contamination that can lead to a failed
production run. A reliable solution consists of implementing
closed culture systems, where the cell manufacturing takes place
in bags with closed tubing pathways and connections, maintain-
ing a sterile environment. Such a method is described by Tumaini
et al.9 who implemented a simplified, semi-closed system for the
cGMP preparation of anti-CD19 CAR-modified T cells. Several
distributors of GMP quality culture bags, tubing accessories and
connectors, as well as sterile tubing welders (e.g., Terumo tubing
welder, Terumo BCT, Lakewood, CO, USA) make it simpler to
convert research protocols to functionally closed manufacturing
processes where ‘open’ process steps are reduced and therefore
risks for cross contamination are minimized.

Standardization of input cellular material
Another advantage of implementing functionally closed systems is
the advantage to work in Class 10 000 environments (ISO 7)
instead of Class 100 (ISO 5) without compromising safe and
effective cell production. Class 100 facilities are very expensive to
build and operate whereas Class 10 000 facilities are less
expensive to maintain and more easily implemented (FDA Aseptic
Guidance/ ISO 14644).
Patient-derived cells that are used for generation of gene-

modified T cells can be highly variable as source material. T cells
destined to be genetically modified often originate from heavily
drug pre-treated patients whose PBMCs may contain abnormal
levels of inhibitory factors, inhibitory cells or populations of T cells
that poorly respond to stimulation.10–12 This clearly challenges our
ability to define the reproducibility of the manufacturing process.
Separating T cells from these inhibitory elements can greatly

improve the outcome of the T-cell culture.9,13,14 The use of large
magnetic beads coated with anti-CD3 and anti-CD28 (i.e., the CTS
Dynabeads CD3/CD28) in combination with a large magnet
adapted for bags is an elegant approach that has been
successfully implemented in the clinic15 as they allow for simul-
taneous isolation and stimulation of T cells from the PBMC
product which enables a more robust process.
Instead of using the entire T-cell population, some investigators

have chosen to use specific subsets of T cells for gene
modification. For example, antigen-specific T cells already present
in memory populations in the patient are optimally primed
against viral pathogens. Endogenous antigen-reactive memory
T cells against Cytomegalovirus or Epstein–Barr virus have thus
been used as a source of T cells for gene- engineering.16 Such
double-specific T cells present several advantages including the
maintenance of CAR specificity on long-lived memory T cells and
anti-viral effector activity that prevents viral reactivation following
lymphodepletion and ACT.17,18 Engagement of their native
receptor in vivo by cells infected with these persistent viruses in
the host could support T-cell expansion, maintenance and effector
function. Initially Epstein–Barr virus-specific T cells generated by
conventional in vitro stimulation and expansion protocols have
been used.17,18 However, these procedures are time-consuming
and require extended culture of cells in vitro, which might affect
their functionality.
Recently, defined T-cell subsets (i.e., naive, central memory or

memory stem cells) have been shown to have important
functional advantages and are considered a better source of
starting material.19–23 Large-scale clinical magnetic enrichment of
T cells, as well as naive and central memory subsets can be
performed in a closed and sterile system using the CliniMACS plus
instrument developed by Miltenyi Biotec, Bergisch Gladbach,
Germany.24,25 The enriched T cells can then be activated by an
alternative clinical reagent TransAct, (Miltenyi Biotec) which is a
biodegradable polymeric nanomatrix agonist for CD3 and CD28.24

This reagent is compatible with efficient T-cell transduction and is
highly suitable for use in aseptic cell manufacturing as it can be
sterile filtered.

Qualification and standardization of ancillary reagents
These complex processes involve many different reagents, for
example, separation reagents, activation reagents, viral vectors,
media, cytokines, different buffers and so on. These reagents need
to efficiently and stably work together as an integrated reagent
system. All raw materials in such an integrated system have to
meet the requirements according to the recommendations of USP
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Figure 1. Classical work flow for gene-engineered T-cell production.
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o10434 on ancillary materials. Notably, the cell culture media
that will be used for commercial scale must be serum free to
reduce the risk of contamination with TSE/BSE or viruses.
Whenever possible, reagents must be chemically defined. Sub-
stances from natural sources, for example, especially serum must
be excluded owing to their high variability, limited availability and
critical risk profiles.26

Finally, an essential part of any multi-step manufacturing
process is the generation of clear standard operating protocols,
which verify and validate the entire process. Such a process
should be straightforward to implement, optimize for efficiency
and eliminate all unnecessary or redundant steps. For example,
lentiviral vectors may be preferred over gamma retroviral vectors
and non-viral methods as they can be simply and directly added
to the cell culture vessel (in closed systems) and demonstrate very
high transduction efficiency.27 Lentiviral vectors have the added
advantage that they efficiently transduce non-dividing, as well as
dividing cells, and they have low genotoxic potential, in contrast
to gamma retroviral vectors.28,29

Ideally, the process should become sufficiently robust to yield
equivalent product quality independently of the patient-derived
cell source material and possibly the T-cell receptor or CAR used to
modify the T cells, assuming the transgene does not drastically
impact the physiology of the expanding T-cell population.

SIMPLIFYING THE PROCESS: IMPLEMENTING AUTOMATION
As established in multiple industries, the best way to standardize a
complex process is to automate it as much as possible. There are
currently on the market a large number of devices that can be

used to perform parts of the process (Figure 2). For example, the
COBE cell processor (Terumo BCT) can be used for cell processing
and washing while maintaining the cells in a closed system.
Recently, a number of devices have been designed to simplify and
even automate the expansion of the stimulated and gene-
modified T cells. For example, GE Healthcare (Pittsburgh, PA,
USA) has successfully developed their Xuri cell expansion system
which allows the expansion of T cells to large numbers (up to 1011

depending on the model) using bags lying on a rocking platform
capable of maintaining the desired temperature.30 The bag is
connected to a gas control unit capable of running in continuous
cultivation mode with cell retention by a filtration device. The
system behaves as an independent expansion unit. Another
interesting tool that simplifies T-cell expansion is the G-Rex
Technology (Wilson Wolf, New Brighton, MN, USA). This device
takes advantage of the properties of gas-permeable membranes
to culture cells at high cell density in a flask that can be simply
placed into an incubator. An advantage of such a device is the
possibility to start from low cell densities (less critical-seeding dose
required) and expand cells to high cell numbers with reduced
feeding needs compared with the Xuri.31,32 A pump allows cell
feedings without having to ‘open’ the closed tubing set. This
system requires an incubator to maintain proper gas and
temperature control. Nevertheless, open steps are part of this
process, such as during inoculation of the flask. The current
conventional process of manufacturing gene-modified T cells
requires several devices: one to isolate and enrich cells, one to
wash and concentrate, one to incubate and/or expand the T cells,
implementation of transduction procedures, a microscope to view
the cells and so on, depending upon the specific procedure. The
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Figure 2. Examples of devices that can facilitate the clinical-grade manufacturing of T cells.
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use of multiple devices requires significant operator interaction
and support. Each device must work seamlessly with the others
without interference, personnel must be trained, installation and
servicing must be scheduled, operational and performance
qualification must be in place before cGMP gene-modified T-cell
products can be manufactured.
There is a new device available—The CliniMACS Prodigy

(Miltenyi Biotec)—which is capable of performing automatically
all these steps: from cell preparation, enrichment, activation,
transduction, expansion to final formulation and sampling in a
closed sterile, single use tubing set.33 Currently it is used in the
clinic for the enrichment of stem cells and the preparation of
virus-reactive T cells. It is being developed as a platform for
integrated and functionally closed manufacturing of engineered
T cells with minimal user interaction. This approach will greatly
simplify and improve robustness of the manufacturing process
whereas freeing available resources for other tasks.
Another challenge for reproducible production of effector T-cell

populations which could benefit from further improvement are in-
process control and quality control steps. These are essential in
any manufacturing process and should be simplified. Automation
can again be of help here, provided the existence of a reliable and
safe sampling method. For example, flow cytometric analysis of
cultured cell populations would benefit from automated (no-
wash) staining, acquisition and analysis processes, as is possible
with the MAQSQuant Express Mode. Clustering programs, that is
automated analysis of flow cytometric data, have become
powerful34 and may be preferred over standard user based
analysis where harmonization is harder to reach as demonstrated
by the results of proficiency panel studies.35 Automated acquisi-
tion and analysis of flow data also presents the possibility to
rapidly generate standardized documentation by using LIMS
(Laboratory Information and Management System) and signifi-
cantly reduce workload. Therefore, automated batch recording
should be implemented whenever possible and can probably
most easily be delivered by a one system/device solution with
material tracking, ideally in close connection to corresponding In-
process control and quality control systems. This needs to be
imbedded into a full tracking system for the logistic supply chain
from sampling of the starting material to the very end of the
process, infusion into a patient.
Keeping track of documentation during the manufacturing

process is an obligatory and time-consuming task. The imple-
mentation of bar code readers permits rapid in-process batch
recording of raw materials used during production and can allow a

highly standardized protocol to be automatically generated at the
end of each run.

SCALABILITY: TOWARDS COST EFFECTIVE COMMERCIAL
SCALE MANUFACTURE
Organizing the production of a few dozen cellular products a year
can be arranged in a straightforward manner, with limited
infrastructure and personnel using the above mentioned methods
that are currently in place in a number of centers. However, when
implementing manufacturing processes for phase II/III clinical
trials with the goal of FDA approval, new sets of challenges arise
to produce the hundreds or even thousands of cell therapeutic
doses per year that are required. The obligation to entirely avoid
any cross contamination between patient products requires
working in closed systems (e.g., bags and tubing sets), strict
physical separation, decontamination of hoods, incubators and so
on for each individual cell product, and the controlled and
standardized compounding of reagents (controlling supply,
storage of perishables, such as cytokines, large volumes of media
and so on) and materials (e.g., plastics). To be successful, gene-
modified T-cell therapy must meet these demands and therefore
the manufacturing method used must be standardized and
scalable. We present several strategic points to address the
problems at hand to advance the field.

The production line
A solution that can be adapted from other automated industries is
the production line, where a specific product moves from one
station to the next. With a significant upfront investment to set up
and organize the proper infrastructure, such manufacturing
methods can be applied to the production of gene-modified
T cells. As represented in Figure 3a, the patient’s cells would enter
the ‘processing station’ where a skilled operator would have the
task to document and prepare (e.g., perform washes, density
gradient separation, subset isolation) enriched T cells, as well as
activate them (i.e., addition of stimulatory reagent). The cells
would then move into a (physically) separated space to be
transduced (i.e., addition of viral vector). Line clearance protocols
have to be followed between the handling of different patients’
cell products. Cells could then be placed in an adjacent suite
organized to accommodate the expansion of the cells either using
individual stations or modular spaces to accommodate the chosen
expansion method.
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Modular manufacturing platforms are being established by
multiple groups. For example, BioSpherix (Lacona, NY, USA) have
created the Xvivo modular laminar flow system where cell
products can be moved through a series of physically separated
spaces, each dedicated for the specific part of the process.
Although clearly having several advantages over other
approaches, this system still requires a large number of handling
steps and therefore highly skilled operators to enable them. Such
labor-intensive approaches also gravitate towards a centralized
manufacturing model because of the additional difficulty of
maintaining the reproducibility of products that are manufactured
at multiple sites.

Device-based manufacturing
Another solution for scalable manufacturing would consist in
taking advantage of existing devices dedicated to the clinical
manufacturing of cellular products such as the CliniMACS Prodigy.
In this case, one device is dedicated to the production of one
patient product at a time. This unit-based production would
preferentially be organized in more open areas where an operator
could oversee several units at the same time (Figure 3b). Such
organization assumes that the devices must operate indepen-
dently, with minimal user interaction and have adequate error
handling capacity. In the ideal case there would not only be
warning indicators for unplanned events (i.e., low temperature
detection, or recovery after electrical failure) but a redundancy of
back up procedures. Cross-contamination is prevented by physical
delimitation of each working unit. Validated barcode systems
ensure identification and control of the material involved in a
given manufacturing unit and during QC sampling.
Such device-based manufacturing directly relies on the

performance and robustness of the chosen device(s), but it has
the advantage of being highly adaptable, for example, one
functional area of 4–5 devices could rapidly be changed between
two protocols by simply using a different program on the device,
whereas maintaining the structural organization in place. Typically,
in production lines, defects in one position of the chain can affect
the rest of the production line as it is a linear process. In a device-
based manufacturing, dysfunction of a unit does not impact other
products and it can be rapidly exchanged by another device
where the process can be resumed.
GMP facilities with many separated class A/B room suites may

be limited towards commercial efficiency, for example, in a
2000m2 facility with, for example, 20 such clean rooms, about 500
cellular products per year can be generated (assuming 25
products manufactured by a 10 day process per room per year).
In contrast, 200 automated devices could be placed in the same
facility and could process about 5000 corresponding cellular
products with fewer personal and lower clean room requirements
and thereby costs.

Cost-effectiveness
To be viable, the cell manufacturing process must meet
economical requirements for the pharmaceutical manufacturer,
the treating clinicians, and for payers, such as health insurance
companies that reimburse the therapy. Health-care providers must
be able to pharmaco-economically justify the use of a high cost
one-time gene-modified T-cell therapy over the available standard
of care. This means that reducing the cost whereas maintaining
quality will become crucial as the demand for these types of
products increases. Therefore robust manufacturing systems with
a low failure rate of production will likely prevail as repeat
manufacture of these products would be prohibitively costly. In
the future, methods to abbreviate costly testing of these products,
without compromising safety, will be important to further reduce
their overall cost. This will be possible when more experience is

gained as to the critical parameters for release testing that ensure
product safety.
Costs could be further reduced by incrementally depersonaliz-

ing personalized therapy. Currently, the great majority of
retargeted T-cell therapies imply preparing a cellular product for
each individual patient from their own cells. However, some
groups are investigating the possibility to use off-the-shelf third
party donor gene-modified T cells for the treatment of viral
infections.36 Such universal cell therapy could be designed by
taking advantage of additional gene modifications such as the
knock-down of the human leukocyte antigen genes coupled with
enforced expression of non-classical human leukocyte antigen
molecules to avoid natural killer cell–mediated lysis37 and the
knock-down of endogenous T-cell receptors.38 Although this
approach to cell therapy is likely to be less dependent on
improved and scalable manufacturing strategies such as those
required for autologous cell therapies, it too will require solutions
to generate very large batches of cells while retaining their
functionality, which is challenging as T cells tend to be less
effective after repeated stimulations.22,39 Also, different batches
will need to be produced for each new antigenic target being
investigated and may require different manufacturing strategies
for each. Although universal cell therapy approaches are clearly
attractive, their safety and efficacy is yet to be proven, and further
research is required before practical plans for manufacture can be
initiated.

REGULATORY REQUIREMENTS
One of the major challenges of bringing personalized cellular
products into standard therapy is that the production process is
patient specific. Regulatory agencies are very familiar with drug
manufacturing, but cellular products have special requirements.
Although regulatory authorities are working to define optimal
guidelines that can be harmonized, the requirements for clinical
manufacturing of ATMP (advanced therapy medicinal products)
are becoming clearer. The requirements of ATMP are summarized
in the European regulation 1394/2007 where gene therapy
medicinal product are now defined (§2) (REGULATION (EC) No
1394/2007 on advanced therapy medicinal products). In the USA,
the requirements can be found in the document entitled
‘Guidance for Human Somatic Cell Therapy and Gene Therapy’.40

If one patient dose equals one product, this also means each
patient’s product represents an entire manufacturing batch.
Therefore an enormous number of QC-samples must be processed
in comparison with conventional medicinal approaches.
This increased QC sampling could impact the time necessary to
release the product and freezing the cells may become necessary
in certain circumstances. To prevent contamination and
cross contamination of other cell products, a commercial
manufacturing process using closed systems is likely the only
option to reduce manufacturing costs by working in clean rooms,
class 10 000 /ISO 7.
Materials used during ex vivo manipulation procedures; for

example antibodies, cytokines, serum, other chemicals, or solid
supports such as beads and especially the virus-based gene
vectors can affect the safety, purity and potency of the final
therapeutic product. These components should be clearly
identified and a qualification program with set specifications
should be established for each component to determine its
acceptability for use during the manufacturing process.40

IN-PROCESS CONTROL AND QUALITY CONTROL
QC tests and release testing are an essential component of the
manufacturing of ATMPs. Because of high complexity, cellular
products and their testing have demanding requirements for
appropriate in-process and quality control. This is dramatically
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increased for individualized compared with universal cell pro-
ducts. Individualized cell products are more restricted in the
amount of material available for testing and time for which the
cell product is available for testing. Furthermore, actual testing
must be performed in a timely manner as these products have a
limited shelf-life prior to infusion or cryopreservation. Complexity
of certain assays, particularly cellular functional assays, can
increase the risk of mistakes and generate unreliable data.
One should clearly distinguish the release criteria, which are

essential for clearing the cellular product for patient use, from tests
‘for information only’ which are more research driven and do not
relate to patient safety. It is clear, however, that harmonization of
quality control assays and criteria for release will help to define and
advance cellular therapy.41 Indeed, the possibility of comparing QC
data across different manufacturing sites and different processes
worldwide will mean improved and more reliable understanding of
the cellular product. Here again automated platforms that adhere
to established guidelines will be of great help.

MODELS FOR THE COMMERCIAL MANUFACTURE OF GENE-
MODIFIED T-CELL PRODUCTS
As discussed previously there are ongoing attempts to generate
‘universal’ cellular products. The manufacturing of such products
could be similar to other biologics, such as vaccines and
monoclonal antibodies, taking place in single industrial scale
manufacturing sites, despite the increased complexity of storage
of these products and delivery to the patients.
It is debatable whether the same concepts are also suited for

individualized personalized autologous cell products. Instead of
one product being manufactured at large scale, and then stored
and shipped in individual vials, many similar products need to be
efficiently produced at small scale, probably many in parallel with
non-synchronous overlapping production slots. The method
chosen to produce patient-specific ATMPs, that is, production
line or device based, will guide the model of commercial
manufacturing. When relying on a multitude of devices and
operators to run the process, a critical size infrastructure is
necessary to find the best balance between costs and production,
as well as center location and area coverage for logistics.
Appropriate logistics for delivery of the patient-derived starting
material to the production facility and back to the patient must
cover the harvesting of the starting material at the patient’s
center-of-care, transport, modification and expansion, then
storage and transport back to the patient in a totally transparent
and traceable manner. Although shipping companies can provide
complete solutions for this task including validated cell-shipping
and chain-of-custody procedures, it is important to note that the
manufacturer is ultimately responsible and has to address this task
carefully to ensure maximum product safety.
An alternative to centralized manufacturing models are

localized manufacturing options, at the patients’ point-of-care.
Achieving a high level of product quality with a decentralized
manufacturing model requires highly standardized, robust and
transparent manufacturing processes and platforms. Transfer of
production know-how for the set up of new production facilities is
best achieved with highly automated processes for production
and IPC/QC as the device and programs that control the runs are
identical. However, for an easy transfer and robust operation
across several production sites it is important to ensure availability
of the same components and reagents to all sites.
Platforms such as the CliniMACS Prodigy that enable the

automated manufacturing of gene-modified T cells from the initial
harvest from the patient to the final formulated product are highly
exportable. This device-centric approach relies less on infrastruc-
ture for the cell processing than production lines and therefore,
smaller, more regional facilities can be envisaged. Such regional
facilities may now become less difficult to build (smaller, less

expensive and with lower needs in terms of cleanroom environ-
ment) and could facilitate improved patient scheduling and
availability (for sourcing of patient cells and infusion of final
product) with local care providers.
The decentralized manufacturing model applies only for the

final steps in the manufacturing process—gene modification of
the patients’ cells. The manufacture of all non-patient specific
components, such as ancillary reagents, viral vectors and so on,
will mostly remain centralized as it is closer to a pharmaceutical
manufacturing model where one batch is used for many cell
product applications.
It is conceivable to see a future where gene-modified T cells are

manufactured at the point-of-care in a facility in close proximity,
associated with, or at the hospital. This will depend on the
robustness of patient-specific automated T-cell manufacturing and
how the regulatory authorities will ultimately regulate the
manufacturing and use of gene-modified T cells. Nevertheless,
such a decentralized mode for delivering cell-based drug products
to patients will certainly decrease the risks to the product and costs,
particularly the to-and-fro transportation that are associated with
centralized manufacturing facilities. In addition to the increased risk
to product integrity and cost, transportation may also compromise
the quality of the cell product by necessitating, for example, its
freezing for shipping. This would not be the case with local
decentralized facilities. Decentralized facilities located in hospitals
would reduce these risks and also incentivize hospitals to adopt
such long-lasting cellular therapies as they would then become a
significant part of the value chain. Such a model near the point-of-
care, where the manufacturing and QC methods are safe and
reliable to operate, would be the preferred option for bringing
personalized cell therapy to patients with high medical need.
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