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Abstract

Estimations of the facility footprint and fixed capital investment (FCI) of cell therapy (CT)
facilities need to consider the unique features of the single-use technologies (SUTSs) selected
for CT manufacture (e.g. cleanroom containment requirement, capacity, automation) and the
product nature that impacts scale-out versus scale-up approaches. A novel detailed factorial
methodology is proposed for estimating FCI and footprint for bespoke stick-built cell therapy
facilities that accounts for technology-specific factors for key cell culture technologies as well
as the implications of SUTS, open versus closed operations and the commercialisation scenario
selected. This was used to derive benchmark values for short-cut cost and area factors for
typical cell therapy facilities according to the technologies selected. The results provide
project-specific ratios for equipment purchase costs to facility footprint (area factor) and for
FCI to total equipment purchase costs (cost factor or “Lang” factor). Area factors ($/m?) were
675-6,815 and the cost factors were 2.3-8.5 for a greenfield project in a medium-developed
country. The case study shows that for the same output facility footprints and FCI values are
on average 6 times higher for autologous processes than allogeneic processes. This is attributed
to economies of scale achieved with scale-up for allogeneic cell therapy manufacture. This
study can be used to predict the commercial FCI and facility footprint during early stages of

process development.
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Abbreviations

AMLFM
BSC
CAR T-cell
CIpP
CT
Fy
FACS
FBC

FCI
HFB
HVAC
INC40
INT
ISO
MSC
MLF
MLINC
MPB
QC
PCR
RMB
SIP
SS
SSB
STR
SU
SUT
TCEPC
WFI

Automated multilayer flask manipulator
Biosafety cabinet

Chimeric antigen receptor T-cell
Cleaning-in-place

Cell therapy

Avrea factor

Fluorescence-activated cell sorting
Fluidised bed centrifuge

Cost factor

Fixed capital investment

Hollow fibre bioreactor

Heating, ventilation and air conditioning systems
40-layer flask incubator

Integrated USP/DSP platform
International organisation for standardization
Mesenchymal stem cell

Multilayer flask

Multilayer flasks incubator

Multi-plate bioreactor

Quiality control

Polymerase chain reaction

Rocking motion bioreactor
Steaming-in-place

Stainless steel

Static suspension bag

Stirred tank bioreactor

Single-use

Single-use technology

Total core equipment purchase costs
Water for injection



1 Introduction

Cell therapy products can treat and possibly cure a number of unmet indications [1]-[21]. As
these products cannot be sterilized, CT manufacture often employs single-use technologies
(SUTSs) to reduce the risks of cross-contamination [22]. Given that manufacturing processes
tend to differ significantly across different classes of cell therapy products (e.g. chimeric
antigen receptor T-cell therapy v mesenchymal stem cell therapy), a variety of SUTs have
become available in order to meet product-specific needs in cell therapy bioprocessing. The
distinctive features of these SUTs result in technology-specific facility layouts and fixed capital
investment (FCI) requirements, which diverge from traditional stainless steel (SS)
biotechnology facilities [23]-[36]. Therefore, it is crucial to derive novel methods for facility
footprint and FCI evaluation that take into account the unique attributes of cell therapy facilities
so as to increase the accuracy of estimates and help cell therapy companies make better
informed decisions during process development. Table 1 summarises reported values for the

footprint and FCI of current cell therapy facilities.

Previous studies on FCI and footprint evaluation for bioprocess applications, have not covered
the subject of cell therapy facilities as these were focused primarily on SS and SU facilities for
protein manufacture [37]-[43]. This article will highlight the effect of technology selection on
facility footprint and FCI estimates, and provide short-cut methods for footprint and FCI
evaluation for cell therapy facilities that not only take into account technology-specific
features, but also consider project-dependant factors such as manufacturing scale and

geographic location.

SUTs were first introduced in 1970’s in the form of filters and capsules [44], [45]. Since then,
the use of these technologies has been extended to a number of applications including storage
and mixing bags, bioreactors, and downstream processing solutions [44]-[53]. The adoption of

SUTs carries a number of benefits such as lower water usage, faster changeover times and
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reduced risk of cross-contamination [45]-[47], [53]-[58]. Challenges to the implementation of
these technologies include scale and configuration restrictions, source availability and the

creation of leachables and extractables [47], [59], [60].

The SUTSs for cell therapy bioprocessing currently available differ significantly in a number of
aspects including price, footprint, degree of automation and control over process parameters
(e.g. pH and temperature). In upstream processing, for applications that require very low
manufacturing scales, manual cell culture vessels are often employed. These include T-flasks,
multilayer flasks, gas permeable vessels and static suspension bags [23], [24], [28], [30], [32],
[36], [61], [62]. Key benefits of using manual SUTSs include the fact that operators are familiar
with these cell culture vessels as these are routinely used in laboratories. Moreover, manual
cell culture vessels offer relative low equipment and consumables costs [62]-[64]. The
implementation of these cell culture vessels in commercial scale manufacture of cell therapy
products poses significant challenges due to the difficulty in achieving functionally closed
processes, which increases facility-related costs. Moreover, the high number of manual
interventions required in processes using manual technologies affects the robustness of the
process and increases labour costs [62]-[64]. When using multilayer flasks for cell culture,
these challenges can be addressed through the integration of robotics to aid manipulation [30],

[32], [63], [65].

An additional approach to promote process robustness and decrease labour and facility-related
costs include the implementation of SU bioreactors, which can process cell culture volumes of
up to 2,000L[62], [63]. These cell culture vessels combine automation with process control and
are available in a number of different configurations such as multi-plate reactors, packed-bed
reactors, hollow-fibre reactors, rocking motion bioreactors and stirred tank reactors with

microcarriers [25], [30], [32]-[34], [61]-[63].



SUTs for downstream processing of cell therapy products range from filtration techniques such
as tangential flow filtration and spinning membrane filtration [66]—[70] to batch and continuous
centrifugation [22], [63], [64], [66], [68], [71]-[76]. Moreover, fully integrated and automated
systems for cell therapy manufacture that incorporate both upstream and downstream unit
operations are also available [64], [77], [78]. These however have very limited capacity and

are therefore appropriate for patinet-specifc applications [64], [77].

FCI for pharma/biotech facilities is computed typically using the “Lang factor method” [79].
In this method, a ratio between the total equipment purchase costs (including utilities) and FCI
is derived from historical projects [79]. These costs included: equipment, piping,
instrumentation, electrical work, building, utilities, site development and auxiliary buildings
[37]. Additional factors are also applied in order to account for design and engineering,
contractor fees as well as contingency [79]. The “Lang factor” ratio has been estimated to be

between 3.10-4.74 for pharma facilities and 4-8 for biotech facilities [40], [79].

Given the unique product, process and technology features of cell therapy facilities, it is
important to investigate the suitability of a universal “Lang factor” for facilities using different
manufacturing platforms. For example, in cell therapy bioprocessing there are no protein
purification unit operations, which shortens the DSP. Moreover, given that the cells are the
product, in addition to the use of SUTs, methods to achieve adequate purity levels include the
implementation of strigent cleanroom enviromental control systems. The use of SUTs reduces
the requirement of steam and WFI which will reduce the facility and equipment costs
associated with utilities. Environmental control is achieved by monitoring parameters such as
pressure, temperature and humidity through the use of air filters and regular maintenance using
heating, ventilation and air conditioning systems (HVAC), as failure to do so may influence

contamination by microorganisms and jeopardise the maintenance of low particle counts in the



air [80], [81]. Different degrees of environmental control strategies are applied to different area
classifications depending on the type of process used (e.g. closed v open processing). For
example, a Grade B (ISO 7) cleanroom are suited for open processing and may require 50 air
changes per hour. A grade D clean room (ISO 9) can be used for closed processing and only
requires 12 [46]. Table 2 shows how the reported values for costs/m? vary with area
classification. As the cleanroom classification affects the cleanroom building fit-out and
running costs [46], [82] and is highly dependent on the type of technology used, when
estimating FCI and facility footprint, it is crucial to consider the features of the technologies

used for cell therapy manufacture.

This article provides a detailed factorial methodology for FCI and facility footprint estimation
for cell therapy applications, which is highly tailored to key project-specific features such as
technology selected, open versus closed operations and manufacturing scale. This method was
used to derive benchmark project-specific ratios for short-cut FCI and facility footprint

evaluation for stick-built facility designs.



2 Materials and methods

2.1 Methodology description

A detailed framework for FCI and facility footprint evaluation was built and used to calculate
facility footprint as the sum of the footprint of the different sections within the facility. Six
main sections where identified, as these are likely to have different cleanroom classifications.
These sections were: product manufacture, clean circulation space, product testing area, waste
circulation space, general space and plant space. The footprint of each of these sections was
computed using the equations detailed in the Supplementary section of this article and the

assumptions listed in Table 3 and Table 4.

The product manufacture area corresponds to the main processing area where all product
manufacture activities occur including inoculation, cell culture, downstream process and
formulation and fill. These operations are carried out in cleanrooms that have the highest ISO
qualification within the facility. The clean circulation space corresponds to the airlocks and
corridors that separate the product manufacture area and the general area within the facility.
The product testing area encompasses the space required for QC labs, microbiology labs, PCR
rooms as well as the corridors and personnel and material airlocks. The waste circulation area
comprises waste disposal rooms, corridors and personnel changing rooms, and the general
space within the facility includes logistics rooms, meeting rooms, offices, cold rooms, general

corridors, loading docks, WC, staircases and facility reception areas.

The plant area is where the utilities reside (including the HVAC systems). This area is smaller
in SU facilities than in SS facilities as CIP and SIP activities are reduced[40], [45], [46], [51],
[53], [54], [56], [58], [59], [83]-[85]. Moreover, this case study assumes that no media and
buffer preparation is carried out within the facility as these materials are pre-made before
arriving to the manufacturing site. Therefore, additional space for cold storage rooms is

necessary to store these materials.



FCI was divided into direct FCI and non-direct FCI. In this case study, the cost categories
included in the direct FCI costs were: the core process equipment costs, process support
equipment costs, QC equipment costs, logistics equipment costs, environment monitoring
systems (EMS), main process equipment installation costs, building shell costs, building fit-

out costs, contractor fees, land costs and yard improvement costs.

The core process equipment includes the key equipment required for product manufacture such
as bioreactor skids, biosafety cabinets, incubators and downstream process units. The process
support equipment costs correspond to the costs of all support equipment including benchtop
centrifuges, pumps, trolleys and racks etc. The QC equipment correspond to the costs
associated to all equipment required for QC testing such as filter integrity testers, incubators
and fluorescence-activated cell sorting (FACS) systems etc. The EMS costs are the costs
associated with the equipment required for environment monitoring (e.g. probes). The process
equipment installation costs are the costs for installing the core process equipment into the
facility. Logistics equipment include fridges, freezers and roller racking. The building shell
costs are the costs of the base building while the fit-out costs include the majority of the costs
related to building works such as partitions, floors, ceilings, air conditioning, duck work,
electrical distribution, lighting, controls and monitoring, pipework and insulation etc. The
contractor fees is the payment made to the contractor. The land and yard improvement costs
are the costs associated with purchasing the initial construction site and the costs of any
additional work required prior to construction. The non-direct cost categories included in the
FCI calculation were project design, engineering management and consultant fees and
contingency costs, which account for unforeseen events which may increase the FCI and/or
delay the process (e.g. strikes and natural disasters). The costs of each of these categories was
computed using the equations in the Supplementary section of this article and the assumptions

in Table 4, Table 5 and Supplementary Table 1.



2.2 Case study setup

The aim of this case study was to first validate the detailed methodology for FCI and facility
footprint evaluation described in the previous session. This methodology was used to help
understand the trends in FCI and facility footprint for cell therapy manufacturing processes
using different combinations of technologies referred to as manufacturing platforms with the
aim of deriving benchmark correlations for project-specific short-cut FCI and facility footprint

estimation.

2.2.1 Validation of the detailed factorial methodology for estimating FCI and footprint
for bespoke cell therapy facilities

The detailed framework for computing FCI and facility footprint was validated in order to
increase the confidence in the results attained using the short-cut method for FCI and facility
footprint evaluation. This was done by comparing the FCI and facility footprint results attained
with the novel factorial method previously described against the values provided by eXmoor
Pharma Concepts Ltd (Bristol, UK) for the same scenario. The scenario selected for this
comparison was of an allogeneic MSC-based cell therapy process using automated cell
factories for cell expansion and a fluidised bed centrifuge (FBC) for wash and recovery. The
equipment list established for this scenario included biosafety cabinets (BSCs), multilayer flask
incubators (MLINC), 40-layer flask incubators (INC40), automated multilayer manipulators
(AMLFM) and FBCs. The number of BSCs, MLINCs, INC40s, AMLFMs and FBCs modelled

in this scenario were 4, 2, 5, 2 and 1 respectively.

2.2.2 FCI and facility footprint for cell therapy facilities
The detailed framework for computing FCI and facility footprint was used to evaluate values
for hypothetical cell therapy facilities using different technologies across annual demands

ranging from 500 patients per year to 10,000 patients per year. The study was then extended to
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help understand the relationships between technology selection, annual demand, FCI and
facility footprint. The understanding of these relationships was strengthened by the

identification of key parameters contributing towards facility footprint and FCI.

2.2.3 Estimating project-specific cost factors for FCI evaluation

FCI estimates may vary with geographic location. Therefore, the benchmark values for ratios
of FCI to core process equipment (cost factors or “Lang” factors) were adjusted by multiplying
these by geographic location factors. The geographic location factors were estimated according
to the degree of economic development of the geographic regions being considered. For
example for regions with relatively low economic development (e.g. Mexico and India), this
factor was assumed to be 0.85. For regions with medium economic development such as the
Gulf Coast of the US, this value was assumed to be 1, and for sites with high economic
development such as Western Europe and the West Coast of the US this value was assumed to
be 1.25 [37]. Moreover, project requirements may also vary according to the condition of the
construction site. Facilities may be built on a greenfield site, brownfield site or an existing
facility maybe refurbished to allow for cell therapy manufacture. In scenarios where facilities
are to be built on a brownfield site, it was assumed that no yard improvements were required,
hence these costs were removed. In scenarios where a facility was to be refurbished (i.e. an
existing shell is available), it was assumed that the land costs, yard improvements and shell

costs were null, so that the facility shell was rented and refurbished.

2.2.4 Process overview

In order to evaluate the trends in FCI and facility footprint for cell therapy facilities with the
aim of deriving project-specific cost and area factors, multiple hypothetical facilities for
autologous and allogeneic cell therapy manufacture were modelled. The unit operations carried
out within these hypothetical facilities were pre-cell culture steps (e.g. cell activation,), cell
culture, downstream process and formulation and fill.
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The allogeneic process modelled in this case study was based on a 21 day process for the
manufacture of mesenchymal stem cells (MSCs). This process is described in detail in Pereira
Chilima et al [63] and the autologous process modelled was based on the manufacturing
process of a lentivirus-based chimeric antigen receptor T-cell (CAR T-cell) process lasting 13

days (described in detail in Pereira Chilima et al [64]).

For facilities manufacturing autologous CAR T-cells, it was assumed that the number of
product manufacture rooms was dependent on the manufacturing platform being used and
proportional to the number of processes carried out in parallel. For facilities producing
allogeneic MSC-based products on the other hand, it was assumed that the starting material
was retrieved from a frozen cell bank and therefore an inoculation stage using T-flasks in
biosafety cabinets surrounded by a Grade B cleanroom was required. Moreover, in these
facilities it was also assumed that the product manufacture area was divided into four main

suites: inoculation room, cell culture room, DSP room and formulation and fill room.

2.2.5 Key assumptions

The dose size of both autologous and allogeneic cell therapy products modelled in this case
study was assumed to be 100M cells. It was assumed also that the hypothetical facilities
considered in this article were built on a greenfield site in a medium economically developed

area and that they were active for 335 days per year.

The majority of the manufacturing platforms considered in this article allow for functionally
closed processes, which can be carried out in a Grade C cleanroom. This trend excludes
multilayer flasks for autologous CAR T-cell therapy manufacture, as these require multiple
open steps throughout the manufacturing process, and hence must be operated in biosafety

cabinets surrounded by Grade B processing cleanrooms. The characteristics of the technologies
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combined together to form the different manufacturing platforms are summarized in Table 5.

All other cost and footprint assumptions used in this case study are summarised in Table 4.

3 Results and discussion
3.1 Validating the novel detailed factorial methodology for estimating FCI and facility

footprint

In order to validate the FCI and facility footprint predictions generated using the detailed
framework for by the FCI and facility footprint estimation, these were compared with values
kindly provided by a design consultancy, eXmoor Pharma Concepts, for the same scenario.
This comparison is shown in Figure 2. Figure 2 illustrates a good agreement in the estimates
of facility footprint (-3%) and FCI costs (+3%) when comparing the results provided by
eXmoor Pharma Concepts and those generated using the detailed framework for FCI and
facility footprint estimation. The small difference in facility footprint can be explained by

differences in ratios used to compute the total facility footprint (shown in Table 3).

The key factors causing differences in the FCI predictions are the QC equipment costs and
EMS costs. The difference in QC equipment costs is attributed to the fact that the list of QC
equipment included in the FCI model (Supplementary Table 1) includes additional equipment
that was not included in the analysis carried out by eXmoor Pharma Concepts. Moreover, in
the FCI model, it was assumed that a single environmental monitoring probe per measurement
(humidity, pressure and temperature) is required in each manufacturing suite. This may not
always be the case. Hence, the difference in EMS costs can be attributed to differences in the

number of environment monitoring probes considered.
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3.2 Technology-specific trends in facility footprint and FCI

As previously highlighted, there are a number of technologies available on the market for the
commercial scale manufacture of cell therapy products. These technologies have different
features therefore, when selecting a platform for cell therapy manufacture, it is important to
understand the effect that this may have on the FCI and facility footprint. The effect of
manufacturing platform selection on the relationship between FCI and facility footprint of cell
therapy facilities with increasing demand was investigated in Figure 3. Figure 3a shows that
autologous processes require higher footprints than allogeneic processes. This is an expected
trend since autologous products require a scale-out manufacturing model as samples from
different patients cannot be mixed. Allogeneic processes on the other hand benefit from the use

of a scale-up approach to product manufacture, thus rapidly decreasing the facility footprint.

Figure 3a also indicates that for allogenic cell therapies, the manufacturing platform with the
highest footprint is the multilayer flasks followed by the hollow fibre bioreactor. The
manufacturing platform with the lowest facility footprint alternates between the multi-plate

bioreactor and the stirred tank bioreactor depending on the commercialisation scenario.

Multilayer flasks have the highest footprint across all manufacturing platforms. This is due to
the fact that specific incubators (INC40) and automation (AMLFM) are employed for
incubation and manipulation of larger multilayer flasks. These technologies have relatively
high footprints (INC40: 2.3m?; AMLFM: 2.9 m?), thus, increasing the facility footprint for

processes employing multilayer flasks.

Hollow fibre bioreactors have the second highest footprint across all platforms for allogeneic
cell therapy manufacture featured in this article. Given the dose size selected for this study
(100M cells), a single hollow fibre bioreactor is capable of producing 5 doses per batch. As the

annual demand moves from 500 to 10,000 doses per year, the batch size increases from 25 to
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500 doses, increasing the number of hollow fibre bioreactors in parallel and hence increasing

facility footprint.

The manufacturing platform with the lowest footprint alternates between the multi-plate
bioreactor and the stirred tank bioreactor. A single multi-plate bioreactor has a lower footprint
than a stirred tank bioreactor (Table 5) and is able to process up to 64 doses of 100M cells.
Therefore, at smaller annual demands, where a single multi-plate bioreactor is required per
batch, this platform offers a lower facility footprint than stirred tank bioreactors. As the annual
demand increases to 10,000 doses, multiple multi-plate bioreactors are required in parallel to
meet the batch size of 500 doses. As a single stirred tank bioreactor can manufacture up to

2,898 doses per batch (Table 5), these become the platform with the lowest facility footprint.

Figure 3a also demonstrates that for autologous manufacturing platforms, multilayer flasks are
again the manufacturing platform with the highest facility footprint, followed by the rocking
motion bioreactor, the static suspension bags and the integrated USP/DSP platform. As
autologous processes operate at a relatively small scale, automated manipulator and large
incubators are not used in combination with multilayer flasks. The relatively high facility
footprint seen for these cell culture vessels in autologous processing is attributed to the use of

biosafety cabinets (BSCs) required for open processing.

The rocking motion bioreactor has the second highest footprint. This is caused by two factors:
1) a rocking motion platform is required per batch and 2) incubators are used during the pre-
cell culture steps as these are carried out in static suspension bags (SSBs) as described in Pereira
Chilima et al [64]. In the static suspension bags manufacturing platform, no dedicated
equipment is required as all equipment used is shared across different batches manufactured in

parallel, reducing the facility footprint. When using the integrated USP/DSP platform, a
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dedicated platform is also required per batch. However, this is an “all-in-one” platform, with

relatively low footprint (Table 5).

Figure 3b highlights that similarly to the trends seen for facility footprint, FCI is higher for
autologous processes versus allogeneic processes. However, the manufacturing platforms rank
differently in FCI and facility footprint. Figure 3b shows that the allogeneic manufacturing
platform with the highest FCI is the hollow fibre bioreactor followed by multilayer flasks, and
that the platform with the lowest FCI alternates between multi-plate bioreactor and the stirred

tank bioreactor.

The hollow fibre bioreactor has the highest FCI due to a combination of poor scalability and
relatively high equipment costs ($150,000/unit) (Table 5). Multilayer flasks have the second
highest FCI due to the requirement of INC40s and AMLFMs. These technologies not only have
high equipment costs (INC40 = $198,016; AMLFM = $482,560), but also increase the facility
footprint (as seen in Figure 3a), increasing the building shell and fit-out costs as well as land

and yard improvements costs.

Similar trends are seen in the ranking for FCI and facility footprint for stirred tank bioreactors
and multi-plate bioreactors, where at lower annual demands multi-plate bioreactors have the
lowest FCI. As the annual demand increases, increasing the number of multi-plate bioreactors

per batch, stirred-tank bioreactors become the manufacturing platform with the lowest FCI.

As for autologous platforms, Figure 3b shows that multilayer flasks have the highest FCI
followed by the integrated USP/DSP platform, rocking motion bioreactor and static suspension
bags. Multilayer flasks have the highest FCI due to the use of BSCs in Grade B cleanrooms,
which causes all cleanroom-dependent costs (e.g. building shell costs, fit-out costs etc.) to
increase. The integrated USP/DSP platform has relatively high FCI due to fact that a dedicated

platform with relatively high equipment costs ($235,500/unit) is required per batch.
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Despite the fact that the rocking motion bioreactor was shown to be the platform for autologous
cell therapy manufacture with the second highest facility footprint (Figure 3a), the equipment
costs associated with the platform are relatively low, allowing this platform to have the second
lowest FCI. Moreover, static suspension bags have the lowest FCI due to the fact that these

only required shared equipment with relatively low costs.

3.3 Relationship between FCI and facility footprint in cell therapy facilities

Figure 3 has revealed that cell therapy facilities using different manufacturing platforms have
different facility footprints and FCI. This section will establish the relationship between facility
footprint and FCI across multiple manufacturing platforms in order to draw general

relationships between FCI, facility footprint and technology selection.

Figure 4a shows a linear relationship between FCI and facility footprint across all
manufacturing platforms. However, the slope of this relationship changes significantly across
manufacturing platforms, indicating that some manufacturing platforms have higher FCI per
m? of facility footprint than others. In allogeneic facilities, this slope ranges between 7,000
$/m? (multilayer flasks) to 13,000 $/m? (hollow fibre bioreactor). Similarly, in autologous
facilities, FCI per m? ranges between 8,200 $/m? (multilayer flasks) to 16,000 $/m? (integrated
USP/DSP platforms). For the allogeneic processes, the manufacturing platform with the
highest FCI per m? is the hollow fibre bioreactor platform (13,000 $/m?) followed by the multi-
plate bioreactor platform (9,500 $/m?), the stirred tank bioreactor platform (8,000 $/m?) and

finally the multilayer flasks platform (7,500 $/m?).

Hollow fibre bioreactors have a relatively high FCI per m? due the combination of low capacity
and high equipment costs as previously explained. Although both multi-plate bioreactors and
stirred tank bioreactors have relatively low FCI (Figure 3b), these platforms also have low

facility footprints increasing the FCI. facility footprint ratio. Moreover, even though the
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multilayer flasks have the second highest FCI across all platforms for allogeneic cell therapy
manufacture (Figure 3b), this platform has significantly high facility footprint (Figure 3a),

decreasing the FCI: facility footprint ratio.

For autologous processes, Figure 4a shows that the manufacturing platform with the highest
FCI per m? is the integrated USP/DSP platform (15,000 $/m?) followed by the rocking motion
bioreactor (8,500 $/m?), the static suspension bag (8,400 $/m?) and finally the multilayer flasks
platform (8,300 $/m?). The relatively high FCI per m? seen when using the integrated USP/DSP
platform is attributed to high equipment costs previously highlighted. Rocking motion
bioreactor and static suspension bags offer lower FCI per m? due relatively low FCI associated
with this platforms. Similar to the trends seen for allogeneic processes, even though multilayer
flasks have the highest FCI (Figure 3b), they also have the highest facility footprint across all
manufacturing platforms for autologous cell therapy manufacture considered in this article,

which reduced the FCI per m2.

Figure 4b shows the relationship between FCI per m? of facility and facility footprint. This
figure shows that for allogeneic processes, FCI per m? decreases with increasing facility
footprint across all manufacturing platforms but for autologous processes, this ratio remains
constant. This is due to the economies of scale achieved in allogeneic processes as a result of
a scale-up approach to cell therapy manufacture which allows for fixed overhead costs (e.g.

EMS and QC costs) to be spread over a higher number of doses.

3.4 Key factors influencing FCI and footprint of cell therapy facilities

As previously mentioned, the layout of cell therapy facilities is likely to differ from traditional
biotechnology. This section highlights the key features of the facility layout of cell therapy
facilities and identifies the major factors contributing to FCI. Figure 5 illustrates the

relationship between the different sections within the product manufacture floor of a cell
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therapy facility, by showing the detailed facility floorplan used as the basis to evaluate the
ratios provided in Table 3. Even though the plant area is not shown in Figure 5 since it was
assumed to be in a different floor, this is the section within the facility with the highest
footprint. The section with the second highest footprint is the office space, this is also not clear

from Figure 5, as this space was split across two different levels.

Figure 6 shows that the cost drivers affecting the FCI vary across the different manufacturing
platforms. For allogeneic processes, when the annual demand is of 500 doses per year, the key
direct cost drivers across most manufacturing platforms are building fit-out costs followed by
process equipment costs and QC equipment costs. The effect of the core equipment costs on
the hollow fibre bioreactor is higher than for other manufacturing platforms due to a
combination of high equipment costs and low capacity as previously discussed. As the annual
demand increases to 10,000 doses, economies of scale allow for overhead costs (EMS and QC
costs) to be spread over a higher number of batches, reducing the relative contribution of these

Ccosts.

In autologous processes at 500 doses per year, for most manufacturing platforms, the building
fit-out costs are the key direct cost driver followed by process equipment costs and the facility
shell costs. This trend excludes the integrated USP/DSP platform due to the significantly higher
core equipment costs associated with this platform. Increasing the annual demand to 10,000
has no significant effect on these trends due to the scale-out approach applied in autologous

cell therapy manufacture.

3.5 Evaluating costs and area factors
Figure 3 and Figure 4 have shown that different manufacturing platforms require very

different facility footprints and FCI and that the relationship between FCI and facility footprint
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may vary with annual demand. Therefore, costs and area factors were derived in order to
provide short-cut methods to evaluate footprint and FCI for bespoke cell therapy facilities. This
is shown in Figure 7. A detailed breakdown of the different factors contributing to the overall

cost factor across the different manufacturing platforms can be found in Table 6.

Figure 7a shows an inverse relationship between the cost factors and the area factors where
manufacturing platforms with the highest area factors (i.e. highest core equipment costs per
m?) (e.g. hollow fibre bioreactors and integrated USP/DSP platforms) have the lowest cost
factors (i.e. lowest ratio between FCI and core equipment costs) and vice versa. This figure
also shows that annual demand has an impact on FCI and facility footprint of allogeneic
processes but not on autologous processes due to the economies of scale achieved with
allogeneic processes as previously discussed. Moreover, Figure 7a shows that for allogenic
processes, area factors range between 950 (stirred tank bioreactor) and 5,400 (hollow fibre
bioreactor) and cost factors range from 2.3 (hollow fibre bioreactor) and 8.3 (stirred tank
bioreactor). Similar trends are seen for autologous processes as area factors range between 980
(multilayer flasks) and 6,500 (integrated USP/DSP platform) and cost factors vary from 2.3

(integrated USP/DSP platform) and 8.5 (multilayer flasks).

As Figure 7a highlighted that the cost and area factors are sensitive to annual demand in
allogeneic processes, Figure 7b was generated to illustrate the process of selecting the
adequate cost and area factor from Figure 7a taking into account the manufacturing platform

used and the target annual demand.

3.6 Selecting a project-specific cost factor for cell therapy facilities
The hypothetical facilities considered in this case study so far were assumed to be built on a
greenfield site. However, the starting condition of the site chosen to build the facility may vary

from project to project. Some projects may be built on a brownfield site and others in an
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existing building shell. Moreover, the geographical location of the facility will also have an
effect on the FCI. Furthermore, different manufacturing platforms require the use of different
cost factors for relevant evaluating of FCI as previously observed (Figure 3 and Figure 4).
Hence, it is important to provide cost factors that capture project-specific features in order to
increase the accuracy of estimates. The differences in cost factor across the manufacturing
platforms were captured by grouping them together into three categories according to the core
equipment costs per m? characteristic of the different platforms. These categories were: high
equipment costs per m? of facility, medium equipment costs per m? of facility and low

equipment costs per m? of facility.

The different platforms were grouped together according to the trends seen for area factors in
Figure 7a. The hollow fibre bioreactor and integrated USP/DSP platforms were considered to
have relatively high equipment costs per m2. Platforms with medium equipment costs per m?
of facility were assumed to be the multilayer flasks (allogeneic), multi-plate bioreactor, static
suspension bags and rocking motion bioreactor. Manufacturing platforms with low equipment
costs per m? of facility were assumed to be stirred tank bioreactor and the multilayer flask with

open steps (autologous).

The effect of manufacturing platform selection, the starting condition of the construction site
and its geographical location and manufacturing platform selection are captured in Figure 8.
For each site condition-geographic region combination, each group of manufacturing platforms
seen in Figure 8 offers a range of cost factors in order to account for the effect of annual
demand on the cost factor; such that at smaller annual demands, users may choose higher cost

factors and vice-versa.

Figure 8 shows that manufacturing platforms with high equipment costs per m? have average

cost factors of 2.1-3.3 depending on the annual demand, geographic region and initial condition
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of the construction site. This factor increases to 4-6.4 for platforms with medium equipment
costs per m? and 6.4-10.1 for platforms with low equipment costs per m?. Moreover, Figure 8
shows also that in low economically developed areas such as India and Mexico, the cost factors
are lower as building materials, land and labour costs are lower. As the degree of economic
development increases to geographic areas such as the US west coast or Eastern Europe, these
costs increase, increasing the overall cost factor. Furthermore, when building a facility in the
brownfield site as opposed to a greenfield site, it was assumed that no yard improvements were
required such that these costs would be null, decreasing the overall project costs and hence the
cost factor. This assumption may not always apply as in some cases land remediation maybe
required due to possible soil contamination, which will incur some yard improvement costs.
Moreover, when considering building the facility in an existing (rented) shell, although the land
costs, yard improvement costs and shell costs maybe null, resulting in lower FCI, and hence a
lower cost factor, the facility running costs would be higher as the company now must pay to
rent the facility. Furthermore, when using an existing shell possible design restrictions must

also be considered.

4 Conclusion

This article aimed at proposing a detailed project-specific factorial methodology and using it
to provide benchmark short-cut ratios for FCI and facility footprint evaluation for cell therapy
facilities using the core equipment costs. The results clearly highlight that allogenic facilities
have significantly lower FCI and facility footprint than autologous facilities. Moreover, when
evaluating FCI and facility trends for different cell therapy facilities, the results showed that
multiple factors will have an effect on the FCI and footprint of cell therapy facilities including
annual demand, manufacturing technology, initial condition of the construction site and

geographic location of the facility. These parameters caused the area factors to range between

675-6,815 and the cost factors to range between 2.3 and 8.5.
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FCI and facility footprint are important factors to consider when selecting a manufacturing
strategy for a novel cell therapy product. This method can be used for manufacturing platform
selection based on crude FCI and facility footprint estimates during the early stages of process

development of novel cell therapy products.
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Table 1 Examples of current cell therapy facilities

Cost Total

Company Location size Build/Purchase Details

$(M) (mZ)

Argos Therapeutics [1], [2] Durham, NC, USA 57 9,290 Build Support automated
production of
personalized
immunotherapy
product candidates

UC Davis/ California Sacramento, CA, 62 8,361 Build Includes research

Institute of Regen Med[3] USA and laboratory
facilities for
clinical trial
product
manufacture

Bone Therapeutics[4], [5] Gosselies, Belgium 11 3,000 Build Commercial scale
manufacture of cell
therapies targeted
at bone fractures

PharmaCell B.V. - Maastricht, 6.34 1,440 Purchased from Manufacture of

Advanced Therapies[6],  Netherlands TiGenix ChrondoCelect

[7]

Novartis [8],[9] New Jersey, NJ, 43 16,072 Purchased from Manufacture of

USA Dendreon personalised
products from the
collaboration with
UPenn

Kite Pharma[10],[11] Netherlands 21 - Purchased from Discovery and

T-Cell Factory development of
B.V TCR products

Pluristem Haifa, Israel 6.2 - Build Production of

Therapeutics[12],[13] placenta expanded
cells

Xcyte Bothell, WA, USA 4 3,763  Build Production of T-

Therapeutics[14],[15] cell products for
clinical trials

Aastrom Ann Arbor, Ml, 1.4 2,787 Build Production of

Biosciences[16],[17] USA autologous
products for tissue
repair

Cardio 3 Biosciences (now Minnesota, MN, 15 1,394 Build Development of

Celyad)[18] USA autologous product
for heart failure

University of Pennsylvania, USA 27 2,787 Build Development of

Pennsylvania[19] personalised cancer
therapies

Cell Medica[20] London, UK 459 1,080 Build Personalised T-cell

products
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MaSTherCell[21],[22] Brussels, Belgium  5.84 600 Build Contract

manufacturer
Dendreon[23],[24] Atlanta 80 18,580 Build Autologous
dendritic cells
manufacture
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Table 2 Reported values for cleanroom costs ($ per m?)

. . eXmoor
gz;aet & Chester C(;:Z:an?ej (ézrrlnnpgeg Petrides et al Pharma
(2008)[2] (2015)[4] Concepts
(2008)[1] (2013)[3] (2013)[3] (2018)[5]
Mechanical rooms 441-882
(utilities)
Office space 2,260 732-882 1,334
Laboratory 3,874 1,463-2,937 4,734
Class 100.000 4519 2,937-3,669 4,734
Class 10,000 5,003 5,380 5,703-7,123 5,810-6,822 3,669-5,089 5,692
Class 1,000 5,649 7,532 7,446-8,554 7,575-8,716 6,531-8,802 7,758
Class 100 9,684 9,437- 9,619- 8,802-

10,760 11,836 11,739

[1] B. Barak and B. Bader, “Lifecycle Cost Analysis for Single-Use Systems,” Biopharm
International, Nov-2008.

[2] J. Chester, “Isolators v. RABS: Isolators v. RABS: Facility Design Considerations for Facility
Design Considerations for a Fill a Fill - -Finish Suite Finish Suite,” in APV Basle conference, 2008.
[3] J. Gering and C. Campesi, “Facility Construction Outlook: Costs Stable &amp; Trending Up,”
Controlled enviroments, 2013. [Online]. Available: http://www.cemag.us/article/2013/12/facility-
construction-outlook-costs-stable-trending. [Accessed: 03-Mar-2017].

[4] D. Petrides, R. Harrison, P. Todd, S. Rudge, and D. Petrides, “Bioprocess Design and
Economics Bioseparations Science and Engineering (2 nd Edition),” 2015.

[5] eXmoor Pharma Concepts, “Personal communication with Andrew Besso - Bioprocess
consultant.” 2017.
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Table 3 Ratio between the footprint of the different sections within a facility and the footprint of
the product manufacture area

Facility section Facility section Area/Product manufacture area
Product manufacture Product manufacture 1.000
Clean change 1 Clean circulation space 0.105
Clean change 2 Clean circulation space 0.147
Clean corridors Clean circulation space 0.322
Clean Janitor Clean circulation space 0.042
QC labs Product testing area 0.650
Microbiology lab Product testing area 0.301
Labs corridor Product testing area 0.273
PCR room Product testing area 0.294
Janitor Product testing area 0.042
Waste corridor Waste circulation space 0.804
Waste change Waste circulation space 0.042
Waste treatment Waste circulation space 0.168
Logistics General space 1.077
Offices General space 3.147
Meeting rooms General space 0.105
Stairs General space 0.231
Cold rooms General space 0.168
Janitor General space 0.042
General corridor General space 0.399
Lorry/Van loading docks General space 0.224
Reception General space 0.538
WC General space 0.392
Plant level Plant space 4.755

The ratios between the cleanroom area and the footprint of all other sections within a facility were derived from
materials provided by and personal communication with Andrew Besso and Paul Dempsey (eXmoor Pharma
Concepts, Bristol, UK)
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Table 4 Key case study assumptions

Parameter Value Unit

Dose size 100M cells/dose

No batches per year (allogeneic) 20 batches/year
Equipment area/ product manufacture area® 0.163 -

Material airlock footprint® 6 m?

Personnel airlock footprint® 6 m?

No QC labs/ facility 1 -

Process support equipment costs® 2,389 $/m? of cleanroom
Logistics equipment costs® 548 $/m? of cleanroom
EMS central unit 108,800 $/unit

Probe costs” 1,920 $/sampling point
Equipment installation costs® 1,920 $/unit

Building shell costs? 548 $/m?

Fit-out costs (Grade B)P 8,320 $/m?

Fit-out costs (Grade C)P 6,106 $/m?

Fit-out costs (Grade D)° 5,082 $/m?

Fit-out costs (CNC)® 1,741 $/m?

Fit-out costs (unclassified)® 64 $/m?

Contractor fees® 12% of Fit-out costs
Land costs® 6% of Shell costs
Yard improvement costs¢ 10% of Shell costs
Engineering, management and consultant fees® 20% of Direct costs
Contingency costs? 20% of (Direct costs + Engineering,

management and consultant fees)

EMS = environment monitoring systems; CNC = controlled and non-classified

aDerived from floorplans of different cell therapy facilities

bDerived from materials provided by and personal communication with Andrew Besso and Paul Dempsey

(eXmoor Pharma Concepts, Bristol, UK)

®Derived from personal communication with Eric Matthieu (MaSTherCell, Gosseles, Belgium)

I[38]
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Table 5 Key characteristics of the manufacturing platforms included in this case study

Donor Manufacturing platform Abbreviation Key technologies Max capacity/unit Max no of Costs/unit ($)  Footprint/unit
type required? (no doses in batches per (m?)¢
parallel)® cleanroom
Allogeneic Multilayer flasks MLF BSC; MLINC; 500; 31; 164; 28; NA 12,800; 13,440; 1, 0.46;2.9;
INC40; AMLFM; 10,000 198,016; 2.3,0.77
FBC 482,560; 261,162
Multi-plate bioreactor MPB BSC; MLINC; 500; 9-64 ; 1-32 NA 12,800; 56,000; 1;0.46;0.2;0.77
MPBC; FBC ;10,000 261,162
Hollow fibre bioreactor HFB BSC; HFB; FBC 500; 5; 10,000 NA 12,800; 150,000; 1;0.3; 0.77
261,162
Stirred tank bioreactor STR BSC; STR; FBC 500; 1-2,898; 10,000 NA 12,800; 35,584- 1;0.87-4.2;0.77
291,886;
261,162
Autologous Multilayer flasks with open MLF (open) BSC; MLINC; 2;5;2 1 12,800; 13,440; 1, 0.46;0.35
steps SMF 79,429
Static suspension bags SSB MLINC; SMF 5;2 5 13,440; 79,429 0.46; 0.35
Integrated USP/DSP platform  INT INT 1; 20 235,500 0.38
Rocking motion bioreactor RMB MLINC; RMB; 5;1;2 10 13,440; 47,500; 0.46;0.22; 0.35
SMF 79,429

#main process equipment required where: BSC = hiosafety cabinet; MLINC = multilayer flask incubator; INC40 = 40-layer flask incubator; AMLFM =
automated multilayer flask manipulator; FBC= fluidised bed centrifuge; MPBC = multi-plate bioreactor controller; HFB = hollow fibre bioreactor; STR
= stirred tank bioreactor (w microcarriers); SMF = spinning membrane filtration unit; INT = integrated USP/DSP platform; RMB = rocking motion
bioreactor. For allogenic processes, this capacity is calculated under the assumption that a harvest density of 45,000 cells/cm? was achieved and that

microcarrier-based processes offer 5,540 cm?/L.

b number of doses of 100M cells which can be produced using each technology. For MPB multiple bioreactor sizes were considered (with 10 plates. 50
plates, 100 plates and 200 plates), these bioreactors use the same controller, hence a range in capacity is seen. In STR a range in the capacity of the
bioreactor is also seen as multiple bioreactor sizes were also considered (1L, 5L, 10L, 20L, 50L, 100L, 500L, 1,000L and 2,000L).

¢ For equipment with large volumes ( STR 100L, STR 500L, STR 1,000L and STR 2,000L), footprint includes auxiliary equipment (e.g. holding tanks

for media and harvest)
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Table 6 Cost factor breakdown for different hypothetical cell therapy facilities producing 5,000 doses of 100M cells per year

Items Allogeneic Autologous
MLF MPB HFB STR MLF (open) SSB INT RMB
Main process equipment 1.00 I 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Process support equipment 0.10 0.11 0.03 0.15 0.18 0.11 0.03 0.09
QC equipment 0.12 0.56 0.05 0.79 0.22 0.24 0.08 0.16
Logistics equipment 0.02 0.03 0.01 0.04 0.04 0.02 0.01 0.02
EMS 0.03 0.16 0.01 0.22 0.13 0.03 0.00 0.01
Equipment installation 0.01 0.04 0.01 0.02 0.04 0.04 0.01 0.04
Shell costs 0.34 0.39 0.11 0.55 0.56 0.31 0.08 0.26
Fit-out costs 1.23 1.50 0.39 2.10 3.17 1.32 0.34 1.05
Contractor fees 0.15 0.18 0.05 0.25 0.38 0.16 0.04 0.13
Greenfield & Brownfield 0.02 0.02 0.01 0.03 0.03 0.02 0.01 0.02

Land costs
Refurbishment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Greenfield 0.03 0.04 0.01 0.05 0.06 0.03 0.01 0.03
Yard improvements

Brownfield & Refurbishment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Greenfield 0.61 I 0.81 0.34 1.04 1.16 0.66 0.32 0.56
Engineering, management and consultant fees Brownfield 0.61 0.80 0.33 1.03 1.15 0.65 0.32 0.56
Refurbishment 0.60 0.79 0.33 1.03 1.14 0.65 0.32 0.55
Greenfield 0.73 0.97 0.40 1.25 1.39 0.79 0.39 0.67
Contingency Brownfield 0.73 0.96 0.40 1.24 1.38 0.78 0.39 0.67
Refurbishment 0.72 0.95 0.40 1.23 1.37 0.78 0.39 0.66
Greenfield 441 I 5.80 242 7.51 8.37 4.72 2.33 4.04
Total Brownfield 4.36 5.75 241 7.43 8.29 4.67 2.32 4.00
Refurbishment 4.33 5.71 2.40 7.38 8.24 4.65 231 3.98
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Supplementary Table 1 List of equipment required per QC lab and their unit costs

Equipment Costs ($/unit)
Balance (2009) 2,408
Cell Counter 2,816
CO2 incubator 13,440
ELISA/Spectrophotometer 51,200
Endotoxin Test 12,800
FACS 128,000
Filter Integrity Tester 12,800
FTIR 8,658
Gel Analysis Instrument 1,920
HPLC 64,000
Isolator, Grade A with VHP 153,600
Microscope 12,160
MSCII 12,800
Osmometer 16,698
PCR 57,600
PCR Hood — mini LAF for PCR amplification 12,800
pH Meter 1,039
Plate Reader 6,221
Power Packs 1,007
Peristaltic Pump 1,386
Sterility Test 153,600
Turbidity Meter 963

ELISA = enzyme-linked immunosorbent assay; FACS = fluorescence-activated cell sorting; FTIR
= Fourier-transform infrared spectroscopy; HPLC = high performance liquid chromatography; VHP
= vapour hydrogen peroxide; MSCII = class Il microbial safety cabinet; PCR = polymerase chain
reaction

The list of typical QC equipment in a cell therapy facility was derived through discussions with lab
scientists and industrial experts. The individual equipment costs were obtained from vendor
websites.
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Figure 1 Schematic representation of the detailed factorial methodology used for estimating a)
facility footprint b) FCI evaluation.
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Figure 2 Comparison between results attained using the novel detailed factorial method for
FCI and facility footprint evaluation and those provided by a design consultancy, eXmoor
Pharma Concepts, for a) facility footprint and b) FCI. The scenario selected shown here
corresponds to a greenfield project in a medium economically developed country.
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Figure 3 a) Facility footprint and b) FCI with increasing annual demand for different
manufacturing platforms. The unit operations included in the allogenic platforms were
inoculation, cell culture and wash and volume reduction while the unit operations included in
the autologous platforms were elutriation, cell wash, cell selection, cell activation, viral
transduction, cell culture and wash and volume reduction. For allogenic processes a harvest
density of 45,000 cells/m? for all platforms and surface area/L for microcarrier-based platforms
of 5,540cm?/L were assumed. For autologous processes a maximum cell density for cell culture
was 7x10° cells/ml was assumed. The scenario selected shown here corresponds to a greenfield
project in a medium economically developed country. The abbreviations indicate the name of
the different manufacturing platforms: MLF = multilayer flask; MPB = multi-plate bioreactor;
HFB = hollow fibre bioreactor; STR = stirred tank bioreactor; MLF (open) = multilayer flask
with open steps; SSB = static suspension bag; INT = integrated USP/DSP platform; RMB =
rocking motion bioreactor.
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Figure 4 Relationship between a) FCI and facility footprint and b) FCI per m? of facility and
facility footprint across multiple manufacturing platforms. The unit operations included in the
allogenic platforms were inoculation, cell culture and wash and volume reduction while the
unit operations included in the autologous platforms were elutriation, cell wash, cell selection,
cell activation, viral transduction, cell culture and wash and volume reduction. For allogenic
processes a harvest density of 45,000 cells/cm? for all platforms and surface area/L for
microcarrier-based platforms of 5,540 cm?/L were assumed. For autologous processes a
maximum cell density for cell culture was 7x10° cells/ml was assumed. The scenario selected
shown here corresponds to a greenfield project in a medium economically developed country.
The abbreviations indicate the name of the different manufacturing platforms: MLF =
multilayer flask; MPB = multi-plate bioreactor; HFB = hollow fibre bioreactor; STR = stirred
tank bioreactor; MLF (open) = multilayer flask with open steps; SSB = static suspension bag;
INT = integrated USP/DSP platform; RMB = rocking motion bioreactor.
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Figure 5 General facility layout used in this analysis to determine the relative footprint of the
different areas within a cell therapy facility. Yellow regions = Grade C area classification;
Green regions = Grade D area classification; white regions = Grade U area classification.
Diagram generated by eXmoor Pharma Concepts.
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Figure 6 Contribution of the different factors towards the FCI for a dose size of 100M cells
and annual demands of 500 and 10,000 doses per year. The scenario selected shown here
corresponds to a greenfield project in a medium economically developed country. The
abbreviations indicate the name of the different manufacturing platforms: MLF = multilayer
flask; MPB = multi-plate bioreactor; HFB = hollow fibre bioreactor; STR = stirred tank
bioreactor; MLF (open) = multilayer flask with open steps; SSB = static suspension bag; INT
= integrated USP/DSP platform; RMB = rocking motion bioreactor.
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Figure 7 a) Trends in area factor and cost factor across multiple manufacturing platforms and
commercialisation demand scenarios for a product with a dose size of 100M cells. The unit
operations included in the allogenic platforms were inoculation, cell culture and wash and
volume reduction while the unit operations included in the autologous platforms were
elutriation, cell wash, cell selection, cell activation, viral transduction, cell culture and wash
and volume reduction. For allogenic processes a harvest density of 45,000 cells/m? for all
platforms and surface area/L for microcarrier-based platforms of 5,540 cm?/L were assumed.
For autologous processes a maximum cell density for cell culture was 7x10° cells/ml was
assumed. The scenario selected shown here corresponds to a greenfield project in a medium
economically developed country. The abbreviations indicate the name of the different
manufacturing platforms: MLF = multilayer flask; MPB = multi-plate bioreactor; HFB =
hollow fibre bioreactor; STR = stirred tank bioreactor; MLF (open) = multilayer flask with
open steps; SSB = static suspension bag; INT = integrated USP/DSP platform; RMB = rocking
motion bioreactor b) Method for evaluating facility footprint and FCI.
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Figure 8 Change in cost factor with initial condition of the facility site, manufacturing platform
and geographic location of the facility. The manufacturing platforms with high costs/m?are the
hollow fibre bioreactor and the integrated USP/DSP. The manufacturing platforms with
medium costs/m? are the multilayer flasks, multi-plate bioreactor, static suspension bags and
rocking motion bioreactor and the manufacturing platform with low costs/m? are the stirred
tank bioreactor and multilayer flasks with open steps.
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