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+ ACCOMMODATING
MULTIPLE MODALITIES

in the Same Facility

By Tom Bannon and Alfred Penfold, MBA, CEng, MIET

Many organizations are evaluating how
advanced therapy medicinal products (ATMPs)
and other traditional modalities may be
combined within the same facility or within a
newly constructed agnostic building. This article
outlines a broad framework to evaluate different
types of modalities that may be accommodated
concurrently in a new or existing facility and then
uses a case study to explain how the approach
may be applied to an existing facility.

TMP facilities are different from conventional pharmaceuti-

calfacilitiesthat process other traditional modalities, such as

vaccines and monoclonal antibodies (mAbs), and often

require heightened segregation and smaller footprints. A
new framework is proposed to accommodate multiple different
modalities, with six major steps: (1) identify the business need;
(2) identify possible modalities and the scale of manufacturing;
(3) complete data gathering, which includes outlining segregation
principles and reviewing GMPs and industry best practices;
(4) develop arisk profile, which includes developing viral and tox-
icity risk progression, a risk matrix, and a facility features matrix;
(5) perform risk assessments, and then update the risk profile and
facility features matrix as needed; and (6) complete a segregation
strategy for a future multimodality facility.
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BUSINESS NEED, POSSIBLE MODALITIES,
AND MANUFACTURING SCALE

When a business need is being developed, it must be determined
which modalities are of interest to the organization, how their
manufacturing might be accommodated, and at what scale they
should be manufactured. These modalities may include cell thera-
pies, gene therapies, tissue engineering, nucleic acid synthesis,
vaccines,and mAbs.

COMPLETE DATA GATHERING

Outline Guiding and Segregation Principles

Next, broad guiding principles and key segregation principles
should be determined as part of the data-gathering step. Key seg-
regation principles are required for existing, proposed, and poten-
tial new modalities. Some example principles and assumptions
that should be determined and agreed upon relate to facility
design, manufacturing area capacity, defining process steps,
safety requirements, and infrastructure.

Facility design: All new facilities will be designed and built to
current industry best practices using the latest available technol-
ogy. More specifically, closed systems, isolators, and single-use
technology are to be adopted as appropriate. Alternatively, an
existing facility will be agile and can facilitate early-stage
processes received through acquisition. These processes may still
have open aseptic steps. The manufacturing spaces should be able
toaccommodate the full journey through to process closure.



Manufacturing area capacity: The capacity of the individual
manufacturing areas should be established. This may include
answering questions like: Is the facility aimed at commercial
manufacturing? Is the facility designed only for volumes to sup-
portclinical trials?

Defining process steps: The core processing steps for each modal-
ity should be defined. If processesarenotalready fully defined, the
assessment will need to make broad assumptions in terms of pro-
cessing steps and possible technologies to be used. However,
future assessments will be required to either confirm or modify
some of the assumptions based on actual product and process
information. Any decisions or recommendations are ultimately
determined by quality risk management (QRM) principles and
practices, as well as relevant GMPs.

Safety requirements: Similar to GMP requirements (see next sec-
tion), all safety requirements should be agreed upon. This should
include biosafety, hazardous agents, and any occupational
hygiene considerations. This will require broad assumptions and
understanding of some of the modalities being considered. For the
purposes of brevity, this article doesn’t discuss safety. However, it
isnoteworthy that often safety and GMP requirements drive com-
plementary results.

Infrastructure: All available infrastructure that will be used
should be considered; for example, shared quality control labora-
tories, utilities, and waste handling.

Review Guidance

Regulations

The assessment must outline which GMPs are being used. For
example, an assessment for a facility primarily focused on US
and EU markets would only consider GMPs and regulations
from EudraLex and the FDA. However, with an agnostic build-
ing, the breadth of regulations that must be considered can be
extensive.

The following list includes regulations that can be considered,
butitis by no means exhaustive: EudraLex Volume 4 Parts [, II, and
IV and Annexes 1and 2 [2-6]; EU human tissues and cells directive
2004/23/EC[7]; FDA CFR Title 21 Parts 211,600,and 1271[8-10]; FDA
Guidance for Industry: Sterile Drug Products Produced by Aseptic
Processing-Current Good Manufacturing Practice [11], and
Guidance for Industry: Current Good Tissue Practice (CGTP) and
Additional Requirements for Manufacturers of Human Cells,
Tissuesand Cellular and Tissue-Based Products (HCT/Ps) [12]. Also,
regulatory agencies may refer to a corresponding pharmacopeia
suchas USP 800 [1].

These regulations contain some requirements that relate to
specificmodalities. For penicillinsand cephalosporin (highly sensi-
tizing materials) and for pathogenic organisms (i.e., Risk Group 3 or
4), dedicated and self-contained facilities that include air-handling
equipment and process equipment should be employed [3]. In

It is possible to develop a basic
set of guidelines to accommodate
multiple modalities within the
same facility once that facility’s
main purpose has been
established. But to do so, it is
important to understand what
boundaries may exist.

addition for penicillins specifically, air-handling systems for manu-
facture, processing, and packing shall be completely separate from
those for other drug products for human use [8].

Formaterialsof aninfectious nature (Risk Group 1and 2) or with
high pharmacologicalactivity or toxicity (suchas certain steroids or
cytotoxic anti-cancer agents), dedicated facilities are not required.
However, these do require that validated inactivation and cleaning
procedures able to reduce product residues to amounts below
defined safety thresholds are established and maintained [3].
For live vaccines, manufacturing in a separate wing of a building
is acceptable, with the appropriate controls to prevent cross-
contamination of other products within the building [9].

If the manufacturing site produces medicinal products other
than ATMPs, based on arisk assessment, ATMP manufacture may
need to take place in a dedicated area of the facility. Special pre-
cautions should be taken in the case of manufacturing activities
involving infectious viral vectors (e.g., oncolytic viruses): these
activities should take placein a segregated area [4].

Industry Best Practices

In addition to regulations, there are many industry best practices
that further interpret GMPs. Some practices are recorded in
industry best practice guides and can include ISPE Guides,
Baseline Guides, and Good Practice Guides, and Parenteral Drug
Association (PDA) technical reports [13-15]. Other industry best
practices may not be formally documented in regulations or
industry best practice guides, but should also be investigated as
partof the assessment.

The assessment may also identify perception concerns. Owner
companies—they own both the product and the manufacturing
facility—will have freedom to set their own segregation principles.
For example, a contract manufacturing organization (CMO) that may
have differing client modalities adjacent to each other will want a
segregation policy thatisacceptable toa wider customer base.
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Table 1: Levels of potency and toxicity risk.

Caustic, acids,
medias, salts, and
other commodity
chemicals

(<OEB 2)

For example:

« Chemical involved
in mammalian
bioprocessing

« Formulation
buffers for thera-
peutic proteins

Manufacture of
cytotoxic products
(< OEB 3)

For example:
« Vial or syringe
filling of an ADC

These cytotoxic
processes have
specific guidelines
within regulations

Manufacture of
cytotoxic products
(> OEB 3)*2

For example:
« Conjugation of
ADCs

These cytotoxic
processes have
specific guidelines
within regulations

_

Sensitizing agents
with specific
requirements
mentioned in
regulations

For example:
« Beta-lactams

« Penicillin
« Cephalosporin

« Hormones (high
potency)

'Carcinogenic, mutagenic, and teratogenic materials need to be considered on a case-by-
case basis. In general, any use of these materials will be in small volumes and will receive
dedicated risk assessments.

2QEB classification to include assessment of carcinogenic, mutagenic, and reproductive
(CMRs) toxic substances.

Internal Corporate Standards

The manufacturer may have internal corporate standards that
address how any manufacturing asset should be designed and
operated irrespective of location or markets served. These stand-
ards should be listed prior to commencing this exercise.

DEVELOP A RISK PROFILE

It is necessary to develop a risk profile for different modalities to
establish some key segregation principles. The risk profile should
also be based on regulations, industry best practices, and the
company’s own risk profile and practices. In this article, two sepa-
rate risk profiles have been developed: chemical potency and tox-
icity risk, and biological (viral and microbial) risk.

Inboth cases, the category of risk ranges from low to very high.
Each risk profile category contains a definition with examples.
Profilesalso form thebasisfor the proposed segregation principles
in the case study. Very-high-risk profiles align with clear regula-
tory expectations for dedicated manufacturing facilities.

Chemical Potency and Toxicity Risk Progression

In Table 1, the authors have captured some types of biotechnology
modalities that relate more specifically to potency and toxicity
with respect to risk profile: low, medium, high, and very high risk.
The potency ranges from occupational exposure band (OEB)1to 5,
with 5 being the highest potency. The final risk profile is deter-
mined by the toxicity and potency data, containment strategy,and
technology used.

Cleaning of shared equipment for multiproduct facilities is a
major concern in GMPs. In addition, the HVAC, utilities, material,
waste, and personnel flows all must be assessed. The toxicity
assessment feeds into all of these considerations. The QRM
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approach focuses on how cross-contamination can occur across
modules through HVAC, utilities, material, waste, and personnel
flows. For example, if an isolator is capable of containing an OEB 5
process, the operator may only be exposed to microgram levels.
Therefore, arisk assessment willlook at how many micrograms of
material can contaminate a different process. More specifically, it
will ascertain if the level of theoretical cross-contamination
exceeds the permitted daily exposures (PDE) for a product in
another module.

Risk-Based Manufacture of Pharmaceutical Products

A useful guide for performing the risk assessments is the ISPE
Risk-Based Manufacture of Pharmaceutical Products Baseline Guide,
oftenreferred to as Risk-MaPP [13]. The second edition of the ISPE
guide received regulatory input from the FDA and other agencies
and was published in 2017. The guide has a useful workflow for
assessing multiproduct manufacturing and advocates the QRM
approach. The four key areas in the Risk-MaPP approach, in the
order of decreasing risk, are as follows: mix up, retention (carry-
over), mechanical transfer, and airborne.

Mix up: Mix up refers to the general tracking and control of mate-
rials. For example, materials may be closed on delivery to dedi-
cated suites, i.e., not opened adjacent to other materials. Robust
wipe-down procedures and industrial hygiene practices apply at
all times. Control storage may be necessary in the warehouse,
along with segregated waste flow as required.

Retention (carryover): Modules and associated equipment may be
dedicated to a product with no carryover risk from equipment
cleaning. If using single-use technology, then there is minimum
risk from cleaning. In-suite cleaning facilities may be required.
Inactivation methods for active pharmaceutical ingredient (API)
and organisms or DNA and RNA may alsoberequired in the suites.
All potential leaks, spills, and material air lock (MAL) operations
willneed toberisk assessed.

Mechanical transfer: Mechanical transfer often refers to opera-
tors and how they may become contaminated with product and
then inadvertently contaminate another person, product, or both.
Theuse ofisolators and/or closed processes—along with a suitable
gowning policy and layout (e.g., unidirectional flow of personnel,
product, and waste, as required)—helps reduce the risk of contam-
ination. Dedicated procedures for spills or deactivating an opera-
tor gown when soiled may be required.

Airborne: A “sink” or “bubble” concept for airlocks will limit the
airborne transfer to corridors. There may also be arequirement for
a segregated HVAC unit with or without terminal HEPA filtration
onthe supply and return.

The Risk-MaPPapproachisauseful guide that will helprisk assess
products and processes based on QRM principles.
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High-Potency and High-Toxicity Products to Be Excluded
From a regulatory perspective, the only products that are to be
excluded are sensitizing agents, including penicillins and cepha-
losporins (beta-lactams); potentially genotoxic compounds; and
potentially OEB 5 compounds where the risk assessment indicates
the compound cannot be adequately controlled. Manufacturing of
(or with) high-potent compounds in adjacent suites may be possi-
ble with the appropriate engineering controls and risk assess-
ments based on toxicity data.

Biological (Viral and Microbial) Risk Progression

There is not a single document for assessing different modalities
wherevaryinglevels of viraland microbial risks are present equiv-
alent to the ISPE Risk-MaPP guide for chemical potency and toxic-
ity risk. The PDA publications “Virus Contamination in
Biomanufacturing: Risk Mitigation, Preparedness,and Response”
[14] and “Points to Consider for Microbial Control in ATMP
Manufacturing” [15] are very useful publications that should be
read as part of this exercise.

These documents outline practical engineering and
procedural controls, which need to be used for mix modality man-
ufacturing; however, these documents are written from the
perspective of an adventitious viral or microbial contamination
from external environments and raw materials. Similarly, closed
processing risk assessment methodologies are available (such as
the ISPE Biopharmaceuticals Manufacturing Facilities Baseline
Guide),but these are written in the context of multiproducts within
mAb or therapeutic protein where viral risk is uniform across the
processes considered.

Therefore, a science- and risk-based approach from first prin-
ciplesmustbetakentoassessbiological risk. QRM tools commonly
used in the biopharma industry should provide good guidance on
what is acceptable. Table 2 captures the types of modalities that
relate more specifically to viral and microbial organisms with
respect to risk profile, and provides an approximate risk ranking
of viral and microbial risks. It can be used as an initial guide until
theactuallevel of riskis determined by amore comprehensiverisk
assessment. A site biosafety committee will be required to help
categorize the risk grouping of hazardous organisms.

Understanding the Biological Risk Categories

Viraland microbial products have been classified into the following
broad categories (excluding very high risks that are not in scope):
low, medium, and high risk (very high risk is not discussed here).
Low risk includes mAb processes where characterized murine cell
banks are used, BSL-1bioprocesses, and fill finish of traditional
therapeutic proteins. These are low-risk processes because the
presence of viral material islow and if it is present, it is likely to be of
animal origin and are not known to propagate in humans. Medium-
risk processes include those that use viral vectors, human cell lines
where an adventitious human virus will replicate, or animal tissue
that may have viruses but those that are not known to propagate in
humans. High-risk processes are typically those where human
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Table 2: Levels of biological (viral and microbial) risk.

Low Risk

1. Risk Group 1
(biosafety)
organisms

2. Processes
in which the
likelihood of the
presence of viruses
or propagation of
viruses is low

For example:

« Mammalian cell
culture using
characterized
non-human cell
lines

This includes
established and
controlled practices,

1. Risk Group 2 (bio-
safety) microbial
organisms

2. Processes in
which the likeli-
hood of viruses
or propagation
of viruses is
increased

For example:

+ Allogeneic
cell therapy
(prescreened cell
stock)

« Replication
incompetent
viral vector/gene
therapy

1. Risk Group 2
(biosafety) viral
organisms

2. Processes in
which human
virus are likely to
be present

For example:
« Live vaccine
manufacturing

« Autologous cell
therapy

« Replication
competent

viral vector/gene
therapy

« Blood/plasma

1. Risk Group 3
and 4 (biosafety)
organisms

2. Processes in
which particular
pathogens are
produced

3. Bioprocessing
spore-forming
organisms

For example:

« Live BSL-3* or
BSL-4 organisms

These processes
have specific
requirements
within regulations

including the use « Viral antigen processing
of controlled vaccines These processes
animal-derived o have specific
media components | + Animal tissue quidelines within
These processes regulations
have specific
guidelines within
regulations

* BSL = Biosafety Level

viruses may be present. These include human-donated material
and culturing of live human viruses.

Based on this risk categorization, the low-risk and high-risk
processes are easier to distinguish. Medium-risk processing
covers a broad middle ground and careful consideration of the
underlying science will be needed in the corresponding risk
assessments. It may result in the process being reclassified as
either low or high risk. In general, it is possible to conclude that
medium-risk viraland microbial processes may be accommodated
within the same facility, provided there is data to support a
comprehensive risk assessment.

The following have been categorized as medium-risk
processes: human cell lines, allogeneic cell therapy (screened cell
stock), processing of proteins extracted from animal sources (e.g.,
heparin, insulin); replication incompetent viral vector/gene ther-
apy; and viral antigen vaccines. The overarching principle is that
although human cells are often being cultured, their origin is
known or, better still, characterized. Therefore, in principle, there
are no viruses present, but care is taken for adventitious viruses.
The level of screening of donors will be key to the risk characteri-
zation of this type of processing. If inadequate screening is per-
formed, this may be recategorized as high risk. Similarly, viral
vectors, gene therapies, and viral antigen vaccines have viral
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Figure 1: Risk matrix showing the risk hierarchy for potency and toxicity risks and viral and microbial risks taken together.
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properties. However, they have been genetically engineered to be
replication incompetent outside of the bioreactor environment.
Many of these examples fall into the category of ATMPs. Similar to
the high-potent compounds, there may be different and conflict-
ing perceptions that will need to be managed. It may be more pru-
dent to consider fully segregating these types of processes.

High-risk viral and microbial processes will invariably face
regulatory or perception concerns. For example, CAR-T manufac-
turing acknowledges that patient cells arriving into the facility
may harbor infectious biohazardous organisms. As a result, dedi-
cated material flows for patient material arriving and leaving the
facility is common. This will be difficult to achieve in many facili-
ties unless it is initially included in early design stages. Similarly,
live vaccine manufacturing and any blood processing would
require the acknowledgment of a high possibility or intentional
presence of human viruses.

Biological Products to Be Excluded

From a regulatory perspective, the only products that should be
excluded are spore-forming microorganisms, due to their persis-
tence in the cleanroom environment. Processing products at
BSL-3and BSL-4 should be excluded and there is strong considera-
tion against manufacturing of live vaccines.

Develop a Risk Matrix

Once the risks for each category have been determined, a risk
matrix should be completed to align the team with the escalating
risks from differing modalities (see Figure 1). Although thisis an
important step in the mix modality risk assessment and the risk
matrix is a useful guide, the assessment team must evaluate it
themselves to calibrate their own risk appetite and ensure that
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particular modalities of interest are properly characterized. It
cannot be sufficiently stressed that the underlying science of a
particular modality should be understood when characterizing
the matrix info. New modalities or variations of existing modali-
ties are constantly appearing, so evaluating the matrix for each
new projectisimportant.

Develop a Facility Features Matrix

Anagnostic facility is a pre-invested facility that has been designed
toaccommodate a range of manufacturing processes. It is typically
constructed with the core internal process area left unconstructed.
This allows a rapid buildout of the manufacturing area once a busi-
ness need isidentified and greatly reduces deployment times.

Because of this, an agnostic facility may have multiple manu-
facturing spaces, each capable of being fitted out for working with
aparticular modality. These spaces may be spread across aspecific
manufacturinglevel or across multiple floors.

When assessing the adjacency of different modalities, key
considerations will include the equipment and closure design
(primary containment), whether a single or separate supply and
return corridor is required, and whether physical or temporal
product segregation is needed. Secondary containment factors
such as the HVAC design, pressurization regime, and airlock
design will also need to be considered. The segregation of air
between manufacturing spaces will be input into any analysis.

It should be noted that if one of the spaces is assigned a high-
risk modality and the others are low risk, many of the engineering
and architectural controls to minimize cross-contamination will
be drivenby the highest risk modality.

As a generalization, the following will apply when choosing to
add a higher-risk modality: increased secondary containment



Figure 2: Sample facility features according to risk group.
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(e.g., airlocks and pressure cascades); progressively stricter per-
sonnel, material, and waste flows with consideration for supply
and return corridors; potential for dedicated locker rooms;
increased reliance on closed processing, barrier technology for
open steps, and physical segregation compared to temporal segre-
gation; and lessreliance on procedures and training.

Determine Requirements by Risk Group

Once the core risk groups have been developed, the assessment
team must now assess the corresponding facility features for each
risk group. This exercise should propose the various facility fea-
tures. Figure 2 outlines a high-level example, giving some cases of
escalating design features and possible inflection points where
facility systems can no longer be shared.

Figure 2is simply the starting point fora GMPrisk assessment
for the proposed modalities the manufacturer intends to operate
adjacent to each other. Once this matrix has been developed, GMP
risk assessments should be performed with a cross-functional
team to ensure that the level of segregation is sufficiently robust.

PERFORM RISK ASSESSMENT AND COMPLETE
SEGREGATION STRATEGY

Risk assessments should be performed for potential failures that
may occur in various manufacturing areas and any connected
piecesofinfrastructure (e.g., corridors, utilities,and HVAC). These
risk assessments should be supported with typical process
descriptions and a very high-level layout based on the features
described previously. The study should perform risk assessment
on possible failures that may lead to cross-contaminations in the
manufacturing spaces. The following are examples of typical
failures:

Failure1: Operator wearing asoiled gown, afteraspill,isreturning
to the locker room and passes by personnel entering other manu-
facturing spaces.

Failure 2: Waste containersare not sealed correctly and leak waste
material onto the floor of the corridor.

Failure 3: HVAC failure in manufacturing space #3 causes risk of
air mixing between manufacturing spaces, which leads to a
cross-contamination.

There are many failure modes that can be considered and
these examples represent only a selection. The risk assess-
ment may conclude that some of the escalating features out-
lined in need to be adjusted to reduce the risk associated with
various failure modes.

Once the risk assessment is complete, the risk profile and
facility features matrix should be updated as needed, with this
process being repeated as appropriate. Finally, a segregation
strategy for a future multimodality facility should be completed.

BIOLOGICAL MANUFACTURING CMO CASE STUDY

This case study references a CMO whose primary business is
focused on biological products. This CMO has constructed a large
agnostic facility with pre-invested infrastructure, e.g., clean utili-
ties. The facility consists of multiple manufacturing floors with a
just-in-time (JIT) warehouse and support areas, including waste
management on the ground floor. Material is supplied to each floor
via an elevator from the ground floor JIT warehouse, with further
elevators included for separate waste streams. Each floor is
designed to accommodate multiple modalities’ manufacturing
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Figure 3: Facility layout designed to accommodate manufacturing
processes for multiple modalities.
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Figure 4: Multimodality segregation study process.
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processes (see Figure 3). The manufacturer concluded that modal-
ities of the same risk group will be shared within manufacturing
floors. This will allow common approaches to personnel flows,
gowning, and airflows.

For low-risk modalities, these can share aloop corridor because
waste material can be easily contained prior to leaving the manu-
facturing space. It was determined that all manufacturing spaces
should have unidirectional flow within the space, but the corridor
canbe one corridor. It must be noted that the loop corridor does per-
mit the majority of waste and material flows not to cross due to the
position on the corridor of the materials lift and waste lifts. Once
personnel have entered a manufacturing space, they will not be
permitted to enter other space without returning to the locker room
(which is access controlled using swipe cards). The manufacturer
decided that each room has its own dedicating air handlers with
terminal HEPA filters and the common corridor has its own air
handler. Because theriskislow, the pressure cascade is simply from
the suites to the common corridor.

The medium-risk modalities considered (viral vector, viral
antigen vaccines, and allogeneic cell therapy) will require a waste
corridor because the risk of cross-contaminating with viral mate-
rialwas considered too high. Similarly, badge access control would
limit personnel movement between areas. Each room has its own
air handler dedicated to each suite. However, the pressure cas-
cades: the supply-sideairlocks operate as pressure sinks to prevent
air getting to the common supply corridor where operators from
different suites can mix.

High-risk manufacturing modalities are isolated and multiple
higher-risk modalities do not share locker rooms. It was deter-
mined that one manufacturing process should use the entire floor
and not have multiple higher-modality processes adjacent to each
other. If the floor was too large for a desired modality (e.g., autolo-
gous CAR-T), thenthe process should beaccommodated elsewhere
in a dedicated building. As there is only one suite on a floor, the
HVAC strategy can be simpler, with a dedicated air-handling
strategy for this floor.

Naturally, the preceding overview is quite simplified for the
purposes of this article, with many details excluded for brevity.
The key point is noting which higher-risk scenario engineering
controls must increase to mitigate higher risk. A completed
assessment should conclude with architectural layouts, includ-
ing area classifications, personnel, materials flows, and HVAC
zone and pressurization drawings. The assessment must also
include warehouse and quality controlareas that will shareareas
and functions.

CONCLUSION

Itis possible to develop abasic set of guidelines toaccommodate
multiple modalities within the same facility once that facility’s
main purpose has been established. But to do so, it is important
tounderstand whatboundaries may exist. For example, thereis
clearregulatory guidance on which modalities require separate
facilities. The approach outlined in this article identifies some



basic guiding principles, working within the regulations that
apply, and develops a basic risk profile to determine how best to
accommodate the different modalities given any facility con-
straints that may exist (see Figure 4).

The proposed six-step approach is designed to help under-
stand which modalities may be suitable for a given facility, and
how those modalities may be accommodated. Although each
facility may be different, with a different set of recommenda-
tions, the described approach can be used during early feasibil-
ity. It is worth noting that, as with all early feasibility studies, it
is important to reassess the outcome and recommendations as
more concrete process information becomes available and as
QRM is applied. &
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