CELL & GENE THERAPY INSIGHTS

CELLAND GENE THERAPY
MANUFACTURING PATHWAY

REVIEW

Centralized or decentralized
manufacturing? Key business model

considerations for cell therapies

Nicholas Medcalf

The choice of manufacturing strategy for cell-based therapeutics is one
that is best made early in product development. Expense and delay may
result from any additional bridging studies following changes to manu-
facturing process design late in development. The chosen strategy will
be strongly influenced in turn by the preferred business model. Business
models may favor either centralized or distributed manufacture. There
are advantages and disadvantages to each and variants may be suitable in
certain circumstances. An appropriate choice depends upon a combina-
tion of regulatory, economic and supply-chain factors. In this article the
factors are examined and described in the context of hypothetical exam-
ples. In general the degree of decentralization will depend on a balance of
manufacturing features. The investment risk of building a centralized fa-
cility at the projected capacity, the cost of managing quality and the cost
or quality implications of long-distance cold supply chains must be con-
sidered. No single business model will suit all cases. For any innovation
the decision must be based on an operational analysis at the projected
capacity required.
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Cell-based therapies (CBTs) offer
new ways to treat many medical
conditions. In some cases the con-
ditions could only otherwise have
been managed using palliative
care. CBTs are headline grabbing

and the interest in their potential
can obscure the remaining chal-
lenges to commercial-scale manu-
facture. CBTs have peculiar chal-
lenges that arise from the scale and
patient-specificity of the product

[1]. Their manufacture is managed
under the regulations covering
medicinal products; however, the
complexity of CBTs has led to en-
hanced regulatory guidance and
controls.
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This article focuses on commer-
cial-scale manufacture that requires
compliance with Good Manufactur-
ing Practice (GMP) [2,3]. (Products
can be made in the EU on compas-
sionate grounds under exceptions
to GMP and many advances in
treatment have so far been applied
by making them at limited scale as
‘exemptions’ or ‘specials’ [4,5].)

The research and development
of medicinal products is cash in-
tensive with much research being
carried out by large companies with
sufficient resources to endure the
intervals between successful drug
candidates. Manufacture of me-
dicinal products is usually based
on the principle of scaling up in a
centralized manufacturing facility.
The facility will contain plant and
equipment suitable for a well-es-
tablished series of unit operations
but that may be reconfigured in
different ways to meet the needs of
new products. The behavior of the
unit operations is well understood
by biochemical and chemical engi-
neers. The plant and equipment is
familiar in the form of large-scale
stirred tank reactors, solvent-recov-
ery columns and batteries of lig-
uid-transfer piping. In such an en-
vironment the cost of maintaining
and renewing the factory is spread
over many product types; there is
‘economy of scope’ as well as ‘econ-
omy of scale’. New designs for the
unit operations take many years to
become established in practice.

By contrast CBTs are frequently
introduced by small, often start-up,
companies or by researchers who
are not employees of the larger com-
panies [6]. In the experience of the
author it is unusual for these expert
entrepreneurs to be experienced in
manufacturing research. Their in-
ventions require deep knowledge
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of the product characteristics rath-
er than manufacturing operations.
As a result the products may reach
quite a mature stage in development
before a decision is made to manu-
facture at large scale or to offer the
innovation to an established com-
pany. When the commercialization
decision is made, manufacture will
often be based on research-scale
equipment. A business that wish-
es to commercialize the CBT now
needs to resolve a dilemma; and the
dilemma arises from two factors.
The first factor is the need to avoid
unnecessary outlay before the CBT
has proved that it can generate sat-
isfactory revenue. The second factor
is that the CBT may not be suit-
able for scale-up using the existing
plant. The business may decide to
resolve the dilemma by continuing
to manufacture stock for clinical
trial using the research-scale process
by which the concept was proved at
pre-clinical scale. However, for any
medicinal product it is essential to
understand the features of the man-
ufacturing method (the Critical
Process Parameters or CPPs) which
exercise the most influence upon
the important product properties
(the ‘Critical Quality Attributes’
or CQAs). The CPPs must then be
conserved during process develop-
ment and scale up. For a small-mol-
ecule pharmaceutical the impact of
any significant changes in the man-
ufacturing method can be examined
and justified relying mainly on pri-
or knowledge of the chemistry and
analysis [7]. For such products the
conservation of the CQAs can be
asserted with a high level of confi-
dence. The scaling factors for the
process are much better understood
and there are fewer mechanisms by
which the product can be affect-
ed without the resultant change




appearing in the results of analy-
sis. In regulatory terms the batches
made at a later stage of process de-
velopment are ‘comparable’ to the
batches upon which proof of con-
cept and eflicacy was based [8]. For
CBTs as for biotechnology products
generally the impact of the process
changes is much less well under-
stood and analysis alone is unlikely
to reveal evidence that is compelling
proof of comparability [9-11]. Ad-
ditional assurance of quality, safety
and efficacy is required in the form
of confidence based upon contin-
ued compliance with the established
manufacturing process [9].

A hypothetical product is given
as an example: a treatment based
upon allogeneic cells to treat a
non-life-threatening condition,
such as inflammatory damage to
joints. Let us suppose that the re-
search work has been accomplished
at small scale and three key com-
mercial features have been proven:

1. The cells expand to commercially-
useful numbers with retention of
the phenotype and key quality
attributes.

2. The cost of producing the
required numbers of cells is
satisfactory compared with the
market price or reimbursement
that will be achieved.

3. The market is of a size that
justifies the investment required
to launch the product.

These questions have been an-
swered by expanding the cells at
laboratory scale. At each passage a
sub-set of the cells has been taken
onto the next stage. The variable
costs of production have been cal-
culated; this was based largely on
the dominant costs of the medium
and, perhaps, the disposables. An al-
lowance for labour was made along
with estimates of operating costs for

a suitable facility. Forty-layer cell
factories have been named as the
method of manufacture at commer-
cial scale. The hidden factor in this
popular treatment is ‘operability’
[12]. Some features of manufacture
do not scale well-materials move-
ment on a factory floor is such a
feature. Manufacture using tens of
thousands of cell factory units per
annum will place unrealistic de-
mands on cleanroom management
and worker engagement. A change
at this stage in development, for
example to microcarrier culture, de-
parts from the manufacturing meth-
od used during preclinical studies.
To demonstrate that the product
from the revised process retains its
CQAs will require bridging studies
with no guarantee of success.

If the product is of high value,
and the market is low volume, it
may be possible to proceed using
the research-scale process. For all
other products one of two routes
must be taken. The first route is to
repeat the early work using the pro-
cess that is to be used at commercial
scale. The second route is to begin
the research with a clear vision of
how and where the product will
eventually be made and to adopt
a process that will satisfy the com-
mercial manufacture.

The second route is less expensive
and brings the product to market
more quickly. However, it requires
an early choice. This choice can be
made following careful examina-
tion of the logistics that are need-
ed to supply the goods and the cost
implications of these. The scope of
the logistics should include manu-
facture, transit to the place of use
and the arrangements for hand-off
to the medical staff. This will ensure
the highest probability of adoption
of the product. The importance of
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including transit and application is-
sues can be shown with an example.
Within the Directive the definition
of an ‘industrial process’ is unclear.
There is uncertainty about where
manufacture ends and the ‘prac-
tice of medicine’ begins. An exam-
ple can be seen in the technology
of bioprinting. A cell-and-scaffold
construct can be printed to make a
customised implant. Such a product
may be made close to the clinic and
may require trimming by a surgeon
in theater before implantation. The
trimming may be regarded as a
part-finishing activity in the manu-
facturing process or as a part of the
surgical procedure.

ADVANTAGES OF
CENTRALIZATION

When manufacturing began most
goods were made locally. During
the industrial revolution economies
of scale were realized in the large fac-
tory. The benefits of centralization
are a) spreading the costs of doing
business over large production vol-
umes (minimization of overheads),
b) reducing interactions with key
suppliers and key customers and c)
smoothing the impact of local peaks
and troughs in demand by making
a variety of products re-deploying
resources rather than retaining idle
resource. Centralization has disad-
vantages as well. A single location
can make it difficult to access dis-
tant markets. Responsiveness of
manufacturing may not be as high
as it could be if it were close to the
point of consumption.

As described earlier, the results
of analysis are a necessary but in-
sufficient condition for assurance
of quality. Other evidence must

come from the demonstration of
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compliance of the manufactur-
er with the registered conditions
of manufacture. Such compliance
is monitored in the EU by the
Qualified Person or in the US by
the manager of the Quality Unit
including inspection of practice
and of batch records. Under GMP
there is a requirement to report on
any potentially significant trends in
manufacture, preferably before the
batches concerned have begun to
fail the tests for market release. A
cautious strategy, and the easiest to
implement, is to carefully design a
manufacturing process for a single
site and then to maintain this for
the product lifetime.

REQUIREMENTS OF CBTS

CBTs have characteristics that influ-
ence the choice of manufacturing,
distribution and delivery. These can
be regarded as drivers of choice. The
drivers can be classified for conve-
nience as quality drivers, cost driv-
ers or supply drivers.

Minimizing supply chains,
maximizing market
penetration (quality,
supply & cost drivers)

Long-distance transport of goods can
be expensive; in particular as CBTs
need careful control of temperature
and vibration during transit. An-
ecdotally the impact on ex-factory
cost for allogeneic engineered tis-
sue is expected to be an increase of
approximately 50% for global low
temperature using non-returnable
dry shippers. This cost may be sus-
tained for high-value, low-volume
therapies. The cost becomes unten-
able as margins decrease and vol-
umes increase. Some therapies are
best supplied ‘fresh-preserved’ i.e.




at 37°C (for example some chimeric
antigen receptor (CAR)-T therapies
[13]). Figure 1 illustrates the choices.
The key question is management of
the chain of custody. Market pene-
tration is affected by low tempera-
ture supply—not all clinics have low
temperature storage facilities and
the clinician may only wish to use
the goods if they are available imme-
diately off the shelf. It may be more
desirable to ‘make to stock’ (for ex-
ample, by supplying the goods at a
rate determined by patterns in con-
sumption to a specialist clinic large
enough to average out the demand)
rather than to make and supply to
order [14]. This is an attractive op-
tion if the fixed costs of operating
the manufacturing facility are large.
The fixed costs are those which will
be incurred regardless of the volume
of manufacture, such as rent, main-
tenance contracts, insurance, facili-
ties staff, security and basic udilities.
The variable costs of manufacture
are those which increase in propor-
tion with the number of units made.
The total cost of operation is the
sum of the fixed and variable costs
and this is the cost that must be re-
covered through sales. For a therapy
that is non-autologous e.g. alloge-
neic therapy, or one based upon a
universal master cell bank, where
the variable costs of manufacture are
small relative to the fixed costs then
it may be helpful to operate on a
manufacture-to-capacity basis with
rapid or regular delivery [14] rather
than to wait for orders. This ensures
that stock is available on demand in
the clinic. Although a proportion
of product may be wasted this can
make commercial sense because it
encourages use of the product and
take-up by clinicians. It can be espe-
cially effective if there is a predictive
procurement system in place. Such

an arrangement is best paid for by
a subscription from the clinic rather
than a pay-per-unit purchase. The
subscription would be for the right
to use as many units as can be sup-
plied in the subscription interval and
used within the customer facility.

Minimizing warehoused
material (supply & cost
drivers)

The reduction of goods held in
stock is to reduce cost of operation.
Excess or large stock holding is a lia-
bility because it depreciates in value
as a perishable good and requires
outlay to acquire and to maintain.
This cost is minimized if the goods
are made to order (MTO). MTO
manufacture is easier to achieve for
autologous products for non-critical
indications. Such a supply arrange-
ment requires good responsiveness
and robust procurement and order
procedures. The responsiveness is
easier to achieve over short supply
distances and is a driver towards dis-
tributed manufacture.

REVIEW

—» FIGURE 1
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Options for manufacture and supply of autologous/allogeneic pa-
tient-to-patient genetically-modified cells.
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Terminal customization
(supply & quality drivers)

A high proportion of cell therapy
products are simple injectable prod-
ucts. Products made for direct injec-
tion into easily accessible sites may
be applied using simple or slightly
modified syringes for their applica-
tion. However, there is a product
category of growing importance in
which a combination of applica-
tor and cells is an advantage [15].
The medical device component of
a combination product is generally
stable to storage in undemanding
conditions for long periods. The de-
vice manufacture will be subject to
control according to a quality man-
agement system such as ISO 13485,
which imposes a smaller overhead
burden than does manufacture to
GMP. The cellular component will
require much higher levels of manu-
facturing and environmental control
during storage and will be subject to
GMP. The combination of the two
can be manufactured either in a
fully GMP-compliant facility or in
one that contains appropriate safe-
guards from the point at which the
two components are combined. This
means that there is an operational
advantage in being able to bring the
two components together at as late a
stage in production as possible for an
area-dependent dosage form (e.g., a
cellular patch for cartilage repair) or
a volume-dependent dosage form
(e.g., bone graft substitute material
containing cells). There is an advan-
tage in postponing the introduction
of cells to allow custom features to
be included. This situation is well il-
lustrated in bioprinting of implants
where the goods are made by print-
ing cells and materials concurrently.
The activity is best carried out close
to clinic.
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Economy of scope
(cost driver)

The contribution of the cost of the
manufacturing facility to each unit
manufactured is found by divid-
ing the write-off cost plus ongoing
maintenance cost by the number
of units made during the inter-
val under consideration. Bespoke
equipment can be expensive to
hold and to maintain. For a mar-
ket where fluctuations in demand
occur, the equipment will be sub-
ject to down-time when demand is
low. The costs of the facility can be
reduced by maximizing the use of
the resource for production. In a
centralized facility this is achieved
mainly by the familiar practice of
operating fixed shifts to manufac-
ture around the clock. The strategy
is most effective for a centralized
facility because the market catch-
ment area is large and local varia-
tions average out. An alternative
strategy, more familiar to con-
tract manufacturing organizations
(CMOs), is to apply economy of
scope. To do this the manufactur-
ing equipment must be capable of
producing more than one prod-
uct. The cost is spread across sev-
eral products and equipment uti-
lization is higher. For centralized
operation this strategy is feasible
and, indeed, established through
familiar production, for example at
Lonza (Maryland, USA), Cognate
(Maryland, USA) and Progenitor
Cell Therapies (New Jersey, USA),
Inc. Economy of scope in a distrib-
uted network of manufacturing
requires a common manufacturing
platform. This may be a stirred-
tank or Wave® bioreactor (GE
Healthcare, Pennsylvania, USA),
but dedicated systems that have
been designed for specific products




do not offer this potential and may
drive manufacturing costs up for
small operations.

Control of recalls
(quality driver)

An important responsibility for a
manufacturer of medicinal prod-
ucts is to be able to rapidly and
effectively recall defective goods. A
robust track-and-trace capability is
needed as part of Corrective And
Preventative Action (CAPA) under
GMP. The oversight and authority
to act swiftly and effectively will be
more easily achieved in a centralized
manufacturing site.

Management of retained
stock (cost & quality driver)

Itis common practice to retain a part
of the batch in case adverse behavior
is found in a marketed product and
it becomes necessary to examine the
batch more thoroughly. For a CBT
the sampling, secure storage and
record-keeping is a significant cost
burden. The burden increases as the
number of batches increases and the
size of each batch decreases. This is
an area where the economies of cen-
tralization are evident. If a product
is to be made and supplied fresh- or
chilled-preserved (4-8°C) then the
fact that the archive must be frozen
at low temperature in order to store
it means that the archive and the
administered product differ and re-
tained stock may be an irrelevance.

Capacity & market growth
(supply & cost drivers)

When a product is launched it is es-
sential to meet demand in order to
retain the confidence of customers,
especially if there is a choice of treat-
ment available. This means building
adequate manufacturing capacity

at the outset in order to avoid ca-
pacity shortfalls while building and
validating new plant. A distributed
manufacturing model may permit
the construction of regional facili-
ties in line with market expansion
into those regions. The capital put
at risk is thus minimized. However,
this risk reduction can only be real-
ized if the challenge of comparabili-

ty is overcome.

Disaster recovery

(supply driver)

If the manufacturing facility is dam-
aged, for example by fire, natural
disaster or infection, supply will be
interrupted, perhaps permanently.
Centralized manufacturing is vul-
nerable to this threat; distributed
manufacturing less so. In a distrib-
uted manufacturing network it may
be possible for staff and resources to
be redeployed between sites in order
to maintain supply.

BUSINESS MODELS

In order to choose between cen-
tralization and  decentralization
and their possible variants we must
have a tool to examine the advan-
tages and disadvantages of each:
we need business models [16]. The
way of thinking about the models
of business that may be used for the
manufacture of cell therapies has
undergone several changes in the
approximately 50 years that the sec-
tor has been growing [17].

The term business model is used
to define the means by which a val-
ue proposition [18] may be convert-
ed into a revenue stream. The study
of business models began to accel-
erate in the 1990s [19] at about the
same time as the first companies be-

gan to market CBTs. There has been
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debate over the usefulness of busi-
ness models [20] but they remain
one of the very few tools that can
be used to articulate and to evalu-
ate options for generating revenue.
Given that it is expensive to make
late-stage changes to the manufac-
turing method, it is prudent to have
a vision, preferably a quantitative
one, of the costs of operation as
early as possible. A good business
model is a management device that
is used to manage the sometimes
conflicting factors in the business
environment [20]. It must be used
to explore a market and to translate
the innovation into wealth genera-
tion. It defines the position of the
enterprise in a value chain. A good
model is explicative and predictive.

CBTs may be classified at the
highest level as allogeneic or autolo-
gous. More companies are address-
ing autologous therapies as tech-
nology ‘push’ coupled with market
demand are making personalized
medicine more attractive. Intra-op-
erative cell-based therapies are in-
creasing. There is growth in delivery
of CBTs based upon a product status
of ‘hospital exemption’ [5] or ‘spe-
cial’. Many companies entering the
market for CBTs are start-ups and
small and medium-sized enterpris-
es (SMEs). It is important for such
entrepreneurs to appreciate quickly
the factors that may influence their
choice of business models.

To illustrate the balance of influ-
ences on the decision to centralize
or to decentralize a good example
is CAR-T cell therapies. Consider a
hypothetical business in which the
current research is at the preclinical
stage. The product is ‘personalized’:
although both autologous and al-
logeneic therapies are in develop-
ment they resemble autologous
therapy manufacture because it is
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not practical to work from a single
cell bank. Instead the product is
derived for each patient either from
their own cells via an apheresis pro-
cedure or from the cells of a related
donor. They are closely equivalent
because each requires a scaled-out
process with an upstream cell har-
vesting step, a manufacturing step
that includes genetic modification
and expansion and a downstream
transport and administration step.
In this example we have a high-val-
ue product because the condition
(typically acute leukemia) is likely
to be fatal if untreated. So far the
success rate has been very high
[13]. Unlike the previous example,
it is possible to justify lower-vol-
ume, more labor-intensive manu-
facturing, with operational costs
absorbed in the overheads. When
supplying there is a pressing need
to coordinate product release with
delivery to clinic. Release is based
upon the results of quality control
testing and the duration of this
may be too long for fresh-preserved
goods to be held pending authori-
zation. The options for this step are
shown in Figure 2.

The technical challenge is to
gather sufficient evidence to release
the product ‘at risk’ before all the
results become available. A similar
situation exists for three product
categories:  radiopharmaceuticals,
parenteral nutrition products and
some chemotherapeutic  agents
that are formulated in patient-spe-
cific doses. In those categories the
products are well-defined and, as
noted above, the burden of proof
for assurance of quality will not be
as heavy. CAR-T cell therapies are
more complex. Some must be de-
livered and used as quickly as possi-
ble after manufacture. The solution
here appears to be to choose from




one of the three options below and

to generate evidence to justify the

choice:

1. Cryopreserve the goods following
manufacture and hold pending
full testing. (Early research must
prove that the cryopreserved

product will be as safe and
efficacious as the fresh product.)

2. Release the goods ‘at risk’ from
a well-controlled process. (Early
research must provide evidence
of high process capability.)

3. Move the assurance of quality to
real-time measurements during
manufacture so that the data are
available immediately at point of
release.

In option 3 the basis of mea-
surement may be either a) in-line
or at-line measurements (real-time
release technology [21]), or b) the
correlation of the behavior of man-
ufactured batch with the behavior
of satisfactory calibration batches.
The latter is only really practical if
feedback control is applied; open-
loop control methods provide no
evidence of process response.

Fresh preservation favors a de-
centralized business model in or-
der to minimize supply time and
distance. Novartis (Basel, Swit-
zerland) is an important innova-
tor of CAR-T therapies. The No-
vartis/University of Pennsylvania
research and training facility at
Morris Plains has many of the at-
tributes of a ‘franchise prototype’.
A franchise prototype is a facility
with equipment, training scheme,
quality management system and
process manufacturing instructions
that can be transferred directly to
another manufacturing site of sim-
ilar size, for example in or near a
hospital. This strategy can poten-
tially be very capital-efficient if the
business introduces such new cen-
ters incrementally. (See ‘Scaling in

line with market growth’ below.) To
achieve this, the challenge of com-
parability arises in a different way.
Bridging studies become necessary
to demonstrate that manufacture in
different parallel sites and with dif-
ferent teams can produce equivalent
product. Alongside this is another
hurdle related to registered facilities
and legal liability. Whether the US
or the EU system is considered (reg-
istered manufacturing sites subject
to FDA inspection or Manufactur-
ing Authorisations issued to named
facilities under Site Master Files)
it is normal to register one or two
centers only. To manufacture from
many centers is to pose the prob-
lem of what the legal entity is that
is accepting liability for product
quality and how many separate li-
censes are required to secure public
safety. Three basic formats of opera-
tion can be envisaged. Not all of the
variants are economically viable:

» Thedistributed factory
» The franchised business

» The autonomous microfactory

REVIEW

—» FIGURE 2
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The distributed factory

One legal entity with a single li-
cense to manufacture bears respon-
sibility for every location where
manufacture takes place. The legal
entity, probably a large biopharma
business (in order to provide the
required scale, reach and consis-
tency of support services) provides
staff, equipment, quality manage-
ment system and consumables to
each manufacturing location. Each
location is subject to management
control from the center. Internal
inspections, purchasing, supplier
audits, quality management and
regulatory affairs services are car-
ried out from the main business
hub. In order to achieve these crite-
ria it is important to allow for com-
pliance to GMP across the regions
in which the distributed factory
will operate. An example of this
planning is seen in the facility at
the Lonza, Walkersville operation
in the USA which contains four
suites constructed and operated
to EU Grade B cleanroom back-
ground and regulatory compliance.
A UK example of such practice ex-
ists in the operational management
of the NHS Blood and Transplant
cleanrooms which manage the
production protocols to common
standards across multiple sites.

The franchised business

This resembles the ‘distributed fac-
tory” but there are important differ-
ences. The description that follows
is speculative because there are, to
the best knowledge of the author,
no current examples of this model
in operation. The central business
offers the franchise based upon
a package of data similar to that
which is currently generated for
the chemistry, manufacturing and

DOI: 10.18609/cgti.2016.012

controls package in the marketing
authorisation and for the Site Mas-
ter File. The franchisor assists the
franchisee in their project to gain
a Manufacturing Authorisation for
their production site. Operations
at the franchisee site are conduct-
ed to a boilerplate quality manage-
ment system built by the franchisor.
Each new manufacturing operation
bears legal liability for assurance of
quality from the point of view of
production management and op-
erations management. The business
that offers the franchise (equivalent
to the hub in the previous example)
bears responsibility (via the QP or
quality unit oversight, depending
on territory) for release of goods.
The franchise-holder organization
is only permitted to operate if it re-
mains in compliance with the fran-
chise terms and conditions. Com-
pliance will be subject to periodic
audit and verification. A technical
refinement to this model, opera-
ble only in the case of the ‘auton-
omous microfactory’ (see below), is
to increase control of quality by the
franchisor by retaining authority
for release of goods. That authority
would be managed remotely based
on data transmitted from the fran-
chise holder to the franchisor. The
data would be subject to electron-
ic scrutiny under human oversight
before authorizing release of goods.

The autonomous
microfactory

Process automation is the best meth-
od for ensuring that a manufactur-
ing process is carried out reproduc-
ibly to the same control strategy at
different times and in different loca-
tions [22]. The autonomous micro-
factory is a self-contained machine
that operates to a firmware program
containing a specified set of process




instructions. Each process instruc-
tion operates the microfactory to
make one product. Operator dis-
cretion is reduced to a minimum.
The microfactory records the mea-
surements made during manufac-
ture and collates them as part of
the batch records. There are several
extant examples of the microfactory
currently in development and these
are described in Table 1.

An established example of the
closed microfactory concept in cur-
rent use is the CliniMACS Prodi-
gy’(Miltenyi Biotec, Germany); a

GMP-compliant  system. Optical
sensor measurements identify layers
of plasma and cells collected from a
mini-centrifuge. Cell culture is car-
ried out in a closed chamber and
user variability is largely eliminated
by the controls. The system is com-
plete with heat sealing apparatus for
aseptic tubing connections and is
controlled by customizable process
software. It was developed as a med-
ical device and manufactured under
ISO 13485 compliance but its prod-
ucts are made under Investigational
New Drug or Investigational Device

REVIEW

—» TABLE1

Aastrom Biosciences, Inc.

Kawasaki Heavy Industries Ltd. with
National Institute of Advanced Indus-
trial Science and Technology (AIST,
Japan)

Octane Biotech, Inc.

Osaka University (Prof. Kino-Oka,
Masahiro)

TAP Biosystems

Tokyo Electron Limited (TEL)

Aastrom Replicell
System (ARS)

R-CPX: Robotized
- Cell Processing
eXpert system

Octane Cocoon™

‘Kotozukuri’
(construction of a
industrial system
to connect all the
essential pro-
cesses) flexible
Modular Platform
(fFMP)

CompacT Select®

Fully-automat-
ed ‘Smart Cell
Factory’

Illustrative current initiatives in autonomous microfactories

Research group or company Technology Key features

Closed parallel plate bioreactor
Automated protocols for cell washing
and expansion

Clinical-grade product

Robots mimic the work of technicians
Image processing for cell assessment
Cell history management

Flexible production scheduling

Pod-like closed manufacturing unit
Internal disposable wetted components
Autologous products made in clear-
ly-separated units with independent
control

Normalisation of fluidics, handling and
transfers

Self-contained microfactory system
Manages its own atmospheric environ-
ment through proprietary interlocks
Re-configuration of isolators, permits
different production layouts from single
microfactory

T-flask handling

Multiple cell line handling
Validatable

Plating options
Reproducible liquid handling
Capacity options

Colony isolation with automated cell
picking and culture

Standardised bespoke culture plates to
normalise colony conditions

Clinical grade output
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Exemption criteria. The CliniMACS
Prodigy® is currently indicated for
treatment of acute myeloid leukemia
in patients receiving CD34" alloge-
neic cell transplants from immuno-
logically-matched donors.

The removal of the risk factors
and the normalization of expecta-
tions for product quality might be
expected to be a persuasive and final
consideration for manufacturing
where distribution is advised. In
practice there are two more major
considerations that must be made
before such technology may be
rolled out as a universal platform.
The first of these is the issue of cap-
ital efficiency and the second is the
management of trends in microfac-
tory performance.

Capital efficiency &
microfactories

Requests for heavy investment in
unique capital equipment have
never been popular with investors.
Since the 2008 downturn venture
capitalists have become less tolerant
of proposals for high investment
in bespoke capital equipment [23].
This is because, in the event of a
business failure, the resale value of
such equipment will be negligible.
‘Capital efficient’ investments are
favored i.e., ones that avoid large
outlay at risk on new equipment as
much as possible. There are three
main ways of remaining capital ef-
ficient: to use CMOs; to remain
in academia as long as possible; or
to increase capacity by scaling out,
rather than scaling up, using large-
ly manual processing. The first two
choices carry the risk that existing
plant proves unsuitable. The third
is, as we have seen, prone to varia-
tion and to risk of non-compliance.

Examples of CMOs working well
for CBT businesses include Tigenix

DOI: 10.18609/cgti.2016.012

(hosted by Cognate), Mesoblast
(Lonza) and translational centers
such as the California Center for
Regenerative Medicine, Progenitor
Cell Therapies and the Cell and
Gene Therapy Catapult. The use
of a CMO requires either that the
unit operations will fit into exist-
ing technology platforms or that
bespoke equipment, such as the
autonomous microfactory, can be
accommodated economically.
Autonomous microfactories are
expensive to acquire and to validate.
For high-price, high-value products
the maintenance costs and write-
off period will be absorbed by the
product margins. For mid-price
products they are not so economi-
cally attractive. In order for them to
become viable it will be necessary to
spread the cost of operation across
several products, thus maximizing
use of the asset as described above.
It is unusual for a single company
to launch several cell products at
the same time. A versatile platform
technology could be used by several
companies to launch products with
similar manufacturing requirements
over a short interval. To enable this
to happen the platform technology
would need to be made to a specifi-
cation which has been shown to be
needed for a range of products with
common characteristics. This is like-
ly to happen only if several potential
users act together to signal the spec-
ification to equipment producers.
The business confidence needed
before an automation provider will
commit to developing suitable tech-
nology is unlikely to come from one
innovation alone. The confidence to
establish common platforms serving
more than one product type must
come from collective action within
the industry. There is an import-
ant opportunity to be explored by




industry bodies and standards agen-
cies, such as the Medicines Manu-
facturing Industry Partnership, the
International Standards Organisa-
tion and the European Federation
of Pharmaceutical Industries and
Associations in bringing the user
community together at a pre-com-
petitive level. If such platform tech-
nologies were available they would
facilitate technology transfer, they
could be applied early in research
(reducing or removing much of the
development stage) and, most im-
portantly, they could be established
as the workhorse of manufacturing
hubs operating as translational facil-
ities for several innovating compa-
nies at the same time.

Management of trends in
microfactory performance

GMP requires that cell therapy busi-
nesses monitor and respond to ob-
served trends in the quality of their
manufactured goods [24]. In a cen-
tralized business this task is straight-
forward and the results are consid-
ered during Quality Reviews. In a
distributed manufacturing operation
the task is more demanding because
each microfactory will be further
away from the central Quality Unit
and there will be fewer opportunities
for direct oversight and routine ob-
servation. There will be a higher risk
of drift away from calibration in each
microfactory. The risk can be reduced
if specified sets of starting materials
and consumables are generated for
regular calibration purposes. During
a manufacturing campaign these
could be introduced into the system,
either during periodic re-calibra-
tion runs or ‘blindly’ by introducing
dummy orders based on positive and
negative control material, in order to
test the performance of the micro-
factory periodically. This is currently

an ambitious plan because it means
correlating the important features of
these materials with known manufac-
turing outcomes.

SCALING INLINEWITH
MARKET GROWTH

Scaling out on a decentralized
manufacturing model can provide
a significant advantage when there
is uncertainty about the rate and
volume of market penetration. The
aim is to build in line with market
demand. This phased introduction
results in a gradual increase in mar-
ket revenue but commits capital in-
vestment only in line with growth,
thus limiting the downside of the
investment. The approach relies on
one of two alternatives: establish-
ing a central facility and increasing
capacity from that location or the
generation of franchise-style paral-
lel operations at different locations.
Each option has its strengths and
weaknesses. This would need to be
justified in practice by a sufficiently
high product value and the ability
to maintain competitive position
long enough to manage the lead
times to bring successive manufac-
turing units on stream. The scenario
is easier to justify if common tech-
nology platforms have already been
established across CMOs in differ-

ent territories.

TRANSLATIONAL INSIGHT

The choice of business models for
CBTs is best made early in the
product development cycle. This
avoids costly repeat work to ensure
that any late-stage process changes
give the product comparable per-
formance to the material assessed in
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the pre-clinical studies. Distributed
models of manufacture offer some
attractive advantages in terms of
cost and flexibility. The challenge
of proving that the same quality of
product is made site-to-site remains
considerable. Automation may pro-
vide the key to this challenge but
remains expensive. Spreading the
cost of capital equipment by pro-
viding economy of scope requires
industry standard manufacturing
platforms. Such standards are most
likely to arise through collective ac-
tion by the industry and research
community and cannot be left to
individual companies. A pre-com-
petitive community of practice is
required to bring users and provid-
ers to shared conclusions about the
technical solutions that are needed.
With the CBT market poised for
growth, the success of new business-
es and the degree of patient access
to new products will be affected in
large measure by the degree of ‘fit’
of the manufacturing and supply
operations to the financial, quality
and cost drivers for the sector.

In the UK a systems-level ap-
proach to manufacturing and
supply is recognized as likely to
accelerate translation [25]. The suc-
cessful factory of the future will in-
volve organizational and technical

innovations. Agile businesses that
use appropriate supply chains and
chains of custody will be the most
successful [26].
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