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1. ABSTRACT

Virus clearance steps - inactivation and/or removal of viruses — have to
be implemented in the manufacturing process of biologicals to assure a
high margin of virus safety of these products for patients in need. The
implementation of virus retentive filters result in a robust virus clearance
as only the size/shape of viruses is relevant in the context of the removal
capacity of the filters — viruses larger than the mean pore size of a virus
retentive filter are removed from the feed stream and the desired protein
—and not the properties of viruses as enveloped or non-enveloped, single
or double stranded DNA or RNA, and resistance to physicochemical
treatment. When during the lifecycle of the product a change of the
established virus retentive filter is required due to e.g., supply issues by the
manufacturer of these filters currently implemented in the manufacturing
process or an improved filter is provided by filter manufacturers, a change
of filters has to or may be initiated. This post-approval change has to meet
regulatory guidance, e.g., ICH (International Conference on Harmonisation
of Technical Requirements for Registration of Pharmaceuticals for Human
Use) guidelines, for licensed products.

When changing virus retentive filters, the critical parameters volumetric
throughput of product intermediate and, when performed, buffer flush,
pressure, pressure/flow interruption, and flow decay have to be validated
for the new filter demonstrating the same or improved virus clearance
capacity. Comparable drug substance properties regarding, besides virus
removal capacity, e.g., impurities and protein aggregates, have to be
demonstrated. Validation data comparing the current with the changed
process, based on prior knowledge of established engineering principles
and applied manufacturing experience, especially during the development
of the drug substance, published literature and other information form the
basis of the risk assessment prior to implement the change. After having
assessed the impact of the change in virus retentive filters according to
regulatory guidelines without negative effects on product quality and
safety, the potential change has to be reported to the relevant regulatory
authority in line with existing regional regulations and guidance.
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2. Introduction

Commercially available virus retentive filters are first
launched in 1989 by Asahi Kasei; this filter (Planova
35N) had a mean pore size of 35 + 2 nm removing
midsized and large viruses, a so-called large virus
retentive filter'2. The small virus filter®4, Planova 15N,
with mean pore sizes of 15 £ 2 nm removing small
viruses, followed. Meanwhile, further virus retentive
filters by different suppliers are on the market with
different membrane composition and structures
(Table 1).

The integration of virus retentive filters, especially
small virus filters, in the manufacturing process of
plasma- and cell culture-derived biologicals increases
the virus safety of these products considerably
resulting in a high margin of virus safety®¢. As
commonly the lifecycle of a biological exceeds the
cycle of equipment as virus retentive filters, a change
control process has to be initiated. Such a process
has to be implemented not only when the supplier
of such filters stops the production of a specific filter
type currently used but also when new filters with
improved properties are developed by a supplier of
virus retentive filters as increased filtration capacity,
especially for complex proteins, with minimal
impact on flow decay / flow interruption, avoidance
of premature fouling and improved virus reduction
capacity for small viruses.

The change of small virus retentive filters for a
marketed product, a so-called post-approval change,
will be addressed in this paper based on regulatory
guidance. Chemistry, Manufacturing and Controls
(CMC) changes across the product lifecycle vary
from low to high potential risk with respect to product
quality, safety, and efficacy, including identity,
strength, quality, purity, and potency. Therefore, a
risk assessment of the impact of the change on
product quality and the strategy how potential risks
will be mitigated or managed has to be performed.

According to the ICH Q12 guideline’, CMC changes
occurring during the commercial phase of the
product’s lifecycle should be communicated with

regulatory authorities according to a process
established by the MAH (marketing authorisation
holder) / company comprehending the potential of
having an adverse effect on product quality; also
regulatory authorities are encouraged to utilise a
system that incorporates risk-based regulatory
processes (compare also e.g.,2°). Based on this risk
assessment, a prior approval from regulatory
authorities, a notification of the regulatory authorities,
or simply recording CMC changes is requested.

The concepts for science- and risk-based approaches
for use in drug development and regulatory decisions
are outlined in the ICH Quality Guidelines ICH Q8
(R2)™, Q9(R1)', Q10*?, and Q11 These guidelines
are valuable in the assessment of CMC changes
across the product lifecycle. ICH Q8(R2)*° and Q11
guidelines focus mostly on early-stage aspects of
the product lifecycle (i.e., product development,
registration and launch). The ICH Q12 guideline’ on
lifecycle management addresses the commercial
phase of the product lifecycle (as described in ICH
Q10%) and complements and adds to the flexible
regulatory approaches to post-approval CMC
changes described in ICH Q8(R2)'° and Annex 1
Q10%. A prerequisite of the change management
is the adequate implementation of the regulatory
framework in place, as well as product and process
understanding (ICH Q8(R2)*° and Q11%3), application
of quality risk management principles (ICH Q9%),
and an effective pharmaceutical quality system
(ICH Q10%).
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Table 1: Relevant virus retentive filters covered in publications assessed

. . Max. Operating
Manufacturer Brand Membrane Chemistry / Format Mean Pore Size*
pressure [bar]
15+2
Planova 15N Small virus retentive filter 0.98
. . 19+2
Planova 20N hydrophilic cuprammonlum. Small virus retentive filter 0.98
Planova S20N regenerated cellulose / hollow fibre Small virus retentive filter 2.16
Asahi Kasei 35+ 2
Planova 35N . L 0.98
Large virus retentive filter
Planova BioEX hydrophilic PVDF* / hollow fibre Small virus retentive filter 3.43
Planova FG1 hydrophilic PES® / hollow fibre Small virus retentive filter 3.43
Viruclear VF(PES) Plus hydrophilic PES® / membrane Small virus retentive filter Not disclosed
Cobetter
Viruclear RC H regenerated cellulose / membrane Small virus retentive filter Not disclosed
Viresolve Pro hydrophilic PES® / membrane Small virus retentive filter 35/4.1
Merck Viresolve NFR hydrophilic PES® / membrane Large virus retentive filter 5.5
Millipore Viresolve NFP hydrophilic PVDF* / membrane Small virus retentive filter 55
Viresolve Pro hydrophilic PES® / membrane Small virus retentive filter 35
Ultipor DV50 hydrophilic PVDF* / membrane Large virus retentive filter 3.0
Cytiva Ultipor DV20 hydrophilic PVDF# / membrane Small virus retentive filter 3.1
Pegasus SV4 hydrophilic PVDF# / membrane Small virus retentive filter 3.1
Virosart CPV hydrophilic PES® / membrane Small virus retentive filter 5.0
Sartorius Virosart HC hydrophilic PES® / membrane Small virus retentive filter 5.0
Virosart HF hydrophilic PES® / membrane Small virus retentive filter 5.0

*Mean pore size [nm] or small and large virus-retentive filters based on size-based retention capacity.*234

# Polyvinylidene fluoride
§ Polyethersulfone
I Micro / Magnus device

3. General Aspects of Change
Control Management

A (post-approval) change may potentially impact
product quality as the safety or efficacy of the
product; therefore, such a proposed change has to be
thoroughly assessed and documented. Knowledge
and experience accumulated during development
and commercial manufacturing of the product
regarding product performance relating to process
parameters provide information and data to
demonstrate comparability of the product pre- and
post-change. A main aspect of accepting post-
approval changes is virtually identical product quality,
demonstrated by risk assessments based on prior
knowledge and validation data.

As stated in ICH Q12 guideline’, increased product
and process knowledge contribute to a more precise
and accurate understanding of which post-approval
changes require a regulatory submission as well as
the definition of the level of reporting categories
for such changes; moderate to low risk regarding
product quality after change require commonly a
notification to the respective regulatory authority
(before or after the implementation of the change
according to regional requirements) vs. a prior
approval for a high risk change. Increased knowledge
and effective implementation of the tools and
enablers described in this ICH Q12 guideline
should enhance industry’s ability to manage many
CMC changes effectively under the company’s
Pharmaceutical Quality System (PQS; compare ICH
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Q10*) with less need for extensive regulatory
oversight prior to implementation (compare e.g.,
FDA Guidance for Industry Chemistry, Manufacturing,
and Controls Changes to an Approved Application:
Certain Biological Products*; EMA guideline
Questions and answers on post approval change
management protocols®). The guideline outlines
the following regulatory tools and enablers (i)
categorisation of the intended post-approval CMC
changes to enable the implementation of certain CMC
changes for authorised products without the need
for prior regulatory review and approval depending
on the risk to product quality related to the change,
(ii) Established Conditions, i.e., information provided
in the Common Technical Document (CTD) submitted
for licensure of a specific product to assure product
quality, based on pharmaceutical development
activities resulting in an appropriate control strategy,
(iii) Post-Approval Change Management Protocol
(PACMP) providing predictability regarding planning
for future changes to ECs, (iv) Product Lifecycle
Management (PLMC) document, a summary that
transparently conveys to the regulatory authority
how the Marketing Authorisation Holder (MAH)
plans to manage post-approval CMC changes, (v)
Pharmaceutical Quality System (PQS) and Change
Management, managing all CMC changes to an
approved product including the reporting of changes
to ECs to regulatory authorities, (vi) Structured
Approaches for Frequent CMC Post-Approval
Changes to enable the implementation of certain,
i.e., moderate to low risk CMC changes for authorised
products without the need for prior regulatory review
and approval, and (vii) Stability Data Approaches to
Support the Evaluation of CMC Changes, i.e., stability
studies, if needed, are to confirm the previously
approved shelf-life and storage conditions to support
a post-approval CMC change depending on the
stability-related quality attributes and shelf-life-limiting
attributes relative to the intended CMC changes,
based on risk assessments and previously generated
data.

ICH Q7?*¢ describes Change Control activities in the
context of GMP and Quiality System elements, i.e., a

formal change control system should be established,
evaluating all changes potentially impacting quality
and safety of intermediates or drug product. Written
procedures should provide for the identification,
documentation, appropriate review, and approval
of changes in raw materials, specifications, analytical
methods, facilities, support systems, equipment
(including computer hardware), processing steps,
labelling and packaging materials, and computer
software and planned changes should be reviewed
and approved by the quality assurance unit(s).
Changes can be classified (e.g. as minor or major)
depending on the nature and extent of the changes,
and the effects these changes may impart on the
process. Scientific judgement should determine what
additional testing and validation studies are
appropriate to justify a change in a validated process.
This approach results in a Change Management as
described in ICH Q10%2,

The implementation of a Pharmaceutical Quality
System, e.g., amodel according to ICH Q10*?, could
facilitate the interaction between development
(including, if applicable, technology transfer),
commercial product
discontinuation, based on International Standards
Organisation (ISO) quality concepts and applicable
GMP regulations complementing ICH Q8 and
ICH Q9.

manufacturing, and

The quality risk management process, a part of the
pharmaceutical quality system, should be applied
in order to evaluate the impact of the replacement of
the previously/currently used filter by another filter
on the quality, safety and efficacy of biotechnological/
biological products (compare e.g., ICH Q9%). This
quality risk management allows science-based
decision making with respect to risk and the risk
assessment may answer three fundamental questions:
(i) what might go wrong, (ii) what is the probability it
will go wrong, and (iii) what is the severity if something
goes wrong?

The risk assessment (compare Figure 1) includes risk
identification, risk analysis, and risk evaluation. The
output of the risk assessment is often expressed

© 2025 European Society of Medicine 4
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qualitatively, i.e., “high”, “medium”, or “low" risk.
The following risk control includes decision making
to reduce and/or accept risks (when the risk is at an
acceptable level). Mitigation or avoidance of quality

risk has to be initiated when it exceeds a specified
(acceptable) level. Risk acceptance could be a formal
decision to accept a residual risk.

Initiate
Quality Risk Management Process

Risk Assessment

h

Risk Identification

v

Risk Analysis

F 3

v

Risk Evaluation

unacceptable

Risk Control
¥

Risk Reduction

- - 1

Risk Communication

Risk Acceptance

A

sjo0] Juawabeuepy ¥siy

Y

Qutput / Result of the
Quality Risk Management Process

Risk Review

h

< - Review Events

Figure 1: Overview of a typical quality risk management process (according to ICH Q9%)

The result of the quality risk management process
should be communicated with the regulatory
agencies. The risk review is an ongoing part of the
quality management process over the lifecycle of
the product in order to modify the original quality
risk management decision, if required, based on
increased knowledge and planned and unplanned
events (e.g., inspections, audits, and root cause from
failure investigations, recalls).

4. Change Control Management
for Virus Retentive Filters

4.1 QUALITY MANAGEMENT PROCESS
ACCORDING TO ICH Q9

4.1.1 Risk Assessment
A quality risk management process according to
ICH Q9! evaluates the risk to quality based on

scientific knowledge and ultimately link to the
protection of the patient. In addition, the level of
effort, formality and documentation of the quality
risk management process should be commensurate
with the level of risk. A risk assessment could be
performed in line with a FMEA (Failure Mode Effects
Analysis) approach covering the aspects failure,
factors causing this failure and the likely effects
(severity) of these failures. As in the context of
replacing virus retentive filters by other filters failures
are not the primary focus of the analysis but assuring/
maintaining product identity, strength, quality, and
purity — as these factors relate to the product’s quality,
safety, and efficacy — a proactive approach according
to the HACCP?Y (Hazard Analysis and Critical Control
Points) proposition is considered more appropriate
than the FMEA approach.

© 2025 European Society of Medicine 5
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4.1.1.1 Risk Identification

As, in principle, each change in equipment may have
an impact on the quality, safety and efficacy of drug
products, the replacement of virus retentive filters has
to be assessed. The rational for implementation of
virus retentive filters in the manufacturing process
of biologicals is the removal of endogenous and
adventitious viruses, i.e., viruses (potentially) present
in the starting material, i.e., unprocessed bulk/
bioreactor harvest of cell culture-derived products
and plasma pools for fractionation of plasma-derived
medicinal products (PDMPs). A potential risk is the
need for a robust, effective removal of small viruses
under all process related conditions. Furthermore,
virus retentive filters — including pre-filters when used
— may “polish” the drug substance by removing
large accompanying proteins (larger than the mean
pore size of the filters) changing the physicochemical
properties of the product to a certain degree or
may even activate enzymes, e.g., due to shear stress.
In addition, a potential impact of filter components
on the physicochemical and biological properties
of the drug substance / product has to be assessed.

Lute et al. reported*® that the passage of the phage
PP7and ®X-174 into the filtrate of small virus retentive
filters (Viresolve NFP, Virosart CPV, Ultipor DV20,
and Planova 20N) occurred in each filter type,
particularly when overloaded with phage. The
authors also reported brand-specific differences in
flux decay due to phage overload and concluded
that small virus retentive filters should not be viewed
as absolute in their capacity to clear virus and they
should not be viewed as interchangeable between
brands; therefore, a change control approach has to
be initiated when virus retentive filters are replaced
by other (small) virus retentive filters. It is also reported
that data assessing the so-called second-generation
of small virus retentive filters (Planova BioEX, Viresolve
Pro) showed that these improved filters were able
to remove e.g., parvoviruses to a higher degree as
the so-called first-generation of small virus retentive
filters (Planova 15N, Planova 20N, Viresolve NFP,
Virosart CPV, Ultipor DV20) and appeared to have
less variability in the reported LRFs (virus reduction

factor in logio)'®. This improved virus clearance
capacity of so-called second-generation small virus
retentive filters for parvoviruses is confirmed
documenting effective removal (LRF = 4) in 97% of
studies vs. 85% for first-generation small virus retentive
filters. Furthermore, transmembrane pressure and
volumetric throughput had an impact on LRFs in
first-generation small virus retentive filters in contrast
to second-generation small virus retentive filters®.
Based on this information, a post-approval change
of virus retentive filters with improved properties may
be appropriate to enhance the overall virus safety
of a product. In a further publication® covering data
for virus removal by different small virus retentive
filters (Planova 15N, ~20N, ~BioEX, Viresolve NFP,
Ultipore DV20, Pegasus SV4, Virosart CPV, ~HC) a
considerable range of LRFs for the different small
virus filters are shown (Figure 2). Recalculation of
these data for all small viruses considering also so-
called first-and second-generation of small virus
retentive filters (Planova 15N, ~ 20N, Viresolve 70, ~
NFP, and Virosart CPV vs. Planova BioEX, Viresolve
Pro, Pegasus SV4, and Virosart HC) resulted in a
considerable higher virus clearance capacity of the
so-called second-generation small virus retentive
filters: The median LRF for so-called first-generation
small virus retentive filters was 4.4 with lower/upper
quartile of 3.9/5.0 vs. a median of 5.5 with lower/upper
quartile of 4.8/6.5 for so-called second-generation
filters. The data for parvoviruses presented as figure
in Ajayi et al.*® were calculated: for first-generation
small virus retentive filters a median of 5.1 LRF and
lower/upper quartile of 4.0/6.3 LRFs versus second-
generation small virus retentive filters with a median
of 5.8 LRF and lower/upper quartile of 5.4/6.2 LRFs
could be demonstrated, documenting also in this
publication a considerable improved virus removal
capacity of the newer virus retentive filters. An
improved reduction capacity for small viruses would
also be desirable based on published data for plasma-
derived medicinal products as in approx. 70% of
studies parvoviruses could be detected in the
filtrate of small virus retentive filters®. In submissions
of data to the FDA for small virus retentive filters and
parvoviruses, the LRFs varied from approx. 1 to 82
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also this large range should be reduced considerably
and filters achieving an effective virus removal
capacity, i.e., LRF of = 4, should be implemented
in the manufacturing process of biologicals.
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Virus Clearance capacity Number of studies % of studies
No residual virus in filtrate 214 56
Effective clearance (LRF 2 4} 126 33
LRF <4 42 1

Figure 2: Virus clearance capacity of small virus retentive filters for small viruses*

*|dentical to “Figure 1: Virus reduction capacity of small virus retentive filters for small viruses” in Albrecht Gréner, Virus
Retentive Filters - Effective Virus Removal in the Manufacturing Process of Biologicals, Med Res Arch 2025;12(12)°

4.1.1.2 Risk Analysis

Virus retention is due to filtration of the feed stream
through membranes or hollow fibres of defined pore
sizes prepared from different materials (compare
Table 1). As stated above, different (small) virus
retentive filters have different capacities to remove
small viruses. As stated in the ICH Q5A(R2) guideline®,
the following process parameters or factors have a
high potential effect on the clearance of small
viruses as parvoviruses: (i) volumetric throughput of
product intermediate loaded on the virus filter, also
(ii) the volumetric throughput of the buffer used for
flushing filters (to improve the yield of the drug
substance), and (iii) the pressure applied and flow
(low pressure/flow can be worse case for specific
filter types, i.e., flow decay due to blockage of a filter

has to be restricted to a predetermined specification,
compare e.g.,2. Furthermore, the impact of flow
interruption, e.g., when switching from product
intermediate to buffer for filter flush has to be assessed
in virus clearance studies). The impact of these
process parameters on the virus clearance capacity of
the new, to be implemented, virus retentive filter has
to be assessed in virus clearance studies employing
the relevant, product-specific intermediate.

A potential shear stress on the desired drug
substance, especially when changing filter with a low
to a considerably higher maximum transmembrane
pressure and flow rate, could theoretically result in
an alteration of it's physicochemical and biological
properties and, thus, impacting the quality, safety,

© 2025 European Society of Medicine 7
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and efficacy of the drug product. Test methods
established during the development of the product,
especially for the filtration process, should be used to
exclude such modifications of the drug substance/
product (compare e.g., ICH Q5E%)

4.1.1.3 Risk Evaluation

The composition of virus retentive filters differs,
especially regarding the membrane / hollow fibre
material. Based on the information provided by the
filter manufacturer, extractables and leachable as well
as endotoxins are considered low and, therefore,
comparable between different filters. Potential
sorption of components of the drug substance to
the filter material may, if it occurs, cause a competitive
adsorption interaction between the membrane and
virus vs. product intermediate impacting the virus
clearance capacity”® and may be comparable
between different virus retentive filters of the same
membrane chemistry but should be studied regarding
yield and change in key impurity composition
(compare ICH Q6B%) as well as virus clearance
capacity. Prior knowledge of product and process
with respect to physicochemical and biological
properties of the drug substance is also applicable
regarding potential modification of drug substance/
product when changing filter materials. Based on
these criteria, the potential risk regarding quality
and safety of the product due to changing a virus
retentive filter is considered remote.

The virus clearance capacity should increase or
remain at least comparable to the currently used
filter even under pressure release/flow interruption
events and other robustness conditions; commonly
changing a filter results in increased filter load per
area and decreased filtration time for a given volume.
Also, this parameter should be assessed in virus
clearance studies, especially considering a reasonable
virus load in the spiked product intermediate as an
overload of a filter with viruses, including non-
infectious virus particles, could result in a virus
breakthrough (e.g.,*3?%). Confirmatory virus clearance
studies covering the differences in filtration

parameters, primarily with worst-case viruses as
parvoviruses, have to be performed with the new
filter employing the relevant product intermediate.
Such paradigmatic product-specific studies have
also to be performed when prior knowledge, e.g.,
a platform validation approach, was established for
the current filter for the parameters affecting the
virus removal capacity, as the new filter will have
different filtration parameters as transmembrane
pressure and load of intermediate / filter area.

In conclusion, the risk assessment identifies potential
risks when changing the currently implemented filter
for the new filter (including, if applicable, avoidance
or usage of pre-filters). A potential risk is a (slightly)
altered composition of the drug substance by
removing large accompanying proteins or lipoproteins
potentially present in the drug substance prior to the
virus filtration step potentially resulting in a change
in the chemical properties of the drug substance to
a certain but considered low degree. As disclosed
in the ICH Q6B guideline?, the specifications based
on characterisation, physicochemical properties,
biological activity, immunochemical properties,
purity, impurities and contaminants and quantity
have to be determined for the drug substance and
drug product filtered through the currently
implemented filter; these specifications have to be
closely comparable to the parameters obtained
after changing the virus retentive filter.

A flow chart of the virus filtration step is shown in
Figure 3.

The principle of HACCP (Hazard Analysis and
Critical Control Points), a systematic method for the
identification, assessment and control of safety
hazards, is shown in Table 2 based on the process
steps depicted in Figure 3.

© 2025 European Society of Medicine 8
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Assembly the filtration system
e Perform pre-use integrity test according to filter manufacturer’s specification and necessary preparation work
e Use suitable pre-filter to protect the virus retentive filter, if required
e Make connection between feed solution tank to pre- and virus retentive filter
o the washing solution tank (for buffer flush) needs to be integrated in the filtration setup
e For constant pressure filtration use either a pressurised feed solution tank or a pump

7

Setting pressure
e Setting transmembrane pressure (not exceeding filter manufacturing specification) according to the properties
of the drug substance assessed during the development of the filtration step

7

Pre-washing/conditioning/wetting
e Some filters need wetting as they are delivered dry while other filters are delivered ready-for-use
o steps used for removal of substances from the filter and saturation of the filter with washing solution
prior product filtration
e Set volumes and pressure according to parameters assessed during development of filtration step not
exceeding filter manufacturer’'s recommendation for the respective filters
e Avoid introduction of air

7

Filtration
e Allow feed to flow to the virus-retentive filter by valve opening from the pressurised tank or start of feed pump
o adjust pressure to the pressure determined during development of the filtration step (including
ramping-up when a pump is providing the pressure; avoid pressure spike(s)) and back pressure)
e Collect filtrate

v

Post-washing (optional)
e To improve recovery rate of drug substance, washing solution (commonly buffer solution — buffer flush) can
be applied; avoid pressure release / flow interruption by using e.g., a three-way valve
e Collect post-wash solution together with primary filtrate

v

Post-use integrity testing
e According to filter manufacturer’s specification and necessary preparation work

Remarks: depending on the cleanroom class and room concept, above configuration needs to be adjusted
accordingly

Figure 3: Flowchart of Virus Filtration Step (exemplary)

© 2025 European Society of Medicine 9
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Table 2: Principle of a HACCP tool for replacing virus retentive filters (outline of principle approach)

Process Step

Risk Detection and Control

Control Limits

Control of Risk
Acceptable

Corrective measures
required?

Assembly filtration system

Pre-use integrity test

To be performed according to filter manufacturer’s
documentation; in principle, pre-use integrity
test performed comparably for both filters

Pre-use integrity test: pass

yes

no

Connecting tubes from feed
solution tank to filter (optionally
to pre-filter connected to virus
retentive filter) and to receiving
tank. When applicable, connect
washing solution tank in line with
feed solution tank

To be performed according to filter
manufacturer's documentation; connecting
tubes comparably for both filters

Tubes connected according to
manufacturer’'s SOPs

yes

no

Apply pressure either by
pressurised feed solution tank or
by pump in the tubing between
feed solution tank and filter

To be performed according to filter manufacturer’s
documentation; pressurisation approach
comparably for both filters (cave: transmembrane
pressure (TMP) may be different (commonly
higher) for the changed virus retentive filter but
cannot exceeding the specification by the filter
manufacturer)

Pressurisation - including
ramping-up when using a pump -
according to manufacturer’'s SOPs

yes

no

Setting pressure

Setting transmembrane pressure
(TMP) not exceeding specifications
by filter manufacturer; based on
studies having assessed the
specific product intermediate
during development studies; the
pressure will be adapted
according to the properties of
the drug substance

Transmembrane pressure defined during
development of filtration step for the specific
product intermediate. Potential pressure spike
when using a pump should be detectable and
avoided (pressure spike by pressurisation of
vessel can be controlled by restricting the inlet
pressure to the vessel)

Transmembrane pressure
specifications according to
established limits defined during
development. If a pressure spike
would occur, the post-use
integrity filter test has to pass (in
principle, validation of a re-
filtration run should have been
preformed during development
and data submitted during
licensure of the process )

yes

no

Pre-washing of filter

Removal of substances
(leachables & extractables) from
the membrane / hollow fibre
and saturation of inside of the
filter with washing solution

Pre-washing according to filter manufacturer’s
recommendation for the respective filter

Pre-washing according to
manufacturer's SOPs

yes

no

Filtration

Due to pressurisation
(pressurised tank or pump)
product intermediate flows from
feed tank via filter in receiving
tank

Composition of the drug substance may be
modified by removing large accompanying
impurities potentially present in the drug
substance prior to the virus filtration step.
Product characteristics after filter change has to
be compared with current drug substance and
assessment has to result in practically identical
product intermediates. The methods used are,
depending on the desired protein, e.g., yield,
reduced/non-reduced SDS-PAGE, Western blot,
HPLC, enzymatic activity, binding assays,
internalisation and phagocytosis

Practically identical product
intermediate regarding
physicochemical and biological
properties

Yes, based on prior
knowledge and the applied
analytical methods for the
current filtration step,
product intermediate (drug
substance) and drug product
can be characterised and
the physicochemical and
biological properties of pre-
and post-change product
compared and assessed to
be practically identical

no

Virus removal capacity

Due to increased flux / load per filter area and
TMP applied to the new filter compared to the
current filter, virus clearance studies have to be
performed for the defined, specific product
intermediate. Commonly, the composition of
the product intermediate (e.g., pH, conductivity,
protein concentration) remains unchanged;
nevertheless, virus clearance studies have to
demonstrate that the virus removal capacity of
the new filter is at least as high as the current
filter. At least worst-case viruses as parvoviruses
should be studied [at least two independent
runs], including robustness studies, e.g., increased
and decreased TMP, filter overload, and flow decay
and flow interruption. In addition, these studies
should exemplify that also other viruses, according
to regulatory guidelines [i.e.,4 viruses for cell
culture-derived products / 5 viruses for PDMP],
are removed with the same or higher LRF.

Documented virus reduction
factors the same or larger than for
the current filter

yes

no

Post filtration

Improved yield of drug
substance by flushing filters
(commonly buffer solution)

Avoid pressure release / flow interruption by
using e.g., a three-way valve. If pressure release
/ flow interruption cannot be avoided, this time

interval should not exceed the time span
covered in virus clearance studies demonstrating
an effective virus removal capacity

Based on virus clearance studies
covering robustness as flow
interruption for defined time

intervals, this time interval - resulting
in a high (effective) virus reduction
factor - should not be exceeded

yes

no

Post-use integrity testing

Leakage test

Leakage test performed according to filter
manufacturer’s recommendation

Performed according to
manufacturer’'s SOPs

yes

no
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4.1.2 Risk Control, Reduction and Acceptance
A potential risk to the quality, safety and efficacy of
the drug product, due to the exchange of the currently
implemented virus retentive filter by the new filter,
is determined by appropriate process validation
using prior knowledge regarding analytical methods
for characterisation of the drug substance / drug
product. If, under unlikely circumstances, considerable
modifications of the physicochemical and biological
properties of the drug substance would be detected,
the filtration parameters as transmembrane pressure
including pressure decay over time, use or avoidance
of a prefilter, using or avoiding a buffer flush, or the
temperature used during filtration could be adjusted
to meet the predefined criteria / specifications of
the drug substance and drug product.

Based on publicly available information (for newly
developed virus retention filters by the filter
manufacturer), the virus reduction capacity of the
new filter to be implemented is more robust than
and/or exceeds that of the currently used filter.
Nevertheless, confirmatory virus clearance studies
covering the differences in filtration parameters as
increased transmembrane pressure and larger
volume / filter area, have to be performed with the
new filter, primarily with worst-case viruses as
parvoviruses employing the relevant product
intermediate.

The output of the risk assessment is often expressed
qualitatively, i.e., “high”, “medium”, or “low" risk
and the subsequent risk control includes decision
making to reduce and/or accept risks (when the risk
is at an acceptable level). Mitigation or avoidance
of quality risk has to be initiated when it exceeds a
specified (acceptable) level. Risk acceptance could
be a formal decision to accept a residual risk, e.g.,
a very low amount of infectious small viruses in the
filtrate of a small virus retentive filter, documented
in virus validation studies performed within the limit
of process specifications. Such a result would not
change the overall virus safety approach of a specific
product when the (LRF) by the virus retentive filter
is high enough to meet the pre-defined minimal
overall LRF for a given product. When the filtration

is performed within pre-defined specifications and
no failure was detected in the pre- and post-filtration
filter integrity test, no further risk control activities
are necessary.

The principle of a Hazard Analysis and Critical
Control Points (HACCP), a systematic, proactive,
and preventive tool for assuring product quality,
reliability, and safety is shown in Table 2. Based on
this risk assessment performed it is expected that the
change of the virus retentive filters is not adversely
impacting the drug substance and the drug product.
Nevertheless, the acceptance of a potential risk is
based on meeting the product specifications and
acceptance criteria defined for the current filtration
step also after change to the new filter. Based on all
this information, including the HACCP assessment,
corrective actions are not required when the product
quality and safety remains unchanged (potentially
after adaptation of the filtration parameters to the
new filter).

4.1.3 Risk Review

Risk management should be an ongoing part of the
quality management process, and the output/results
of the risk management process should be reviewed
to take into account new knowledge and experience.
This process should continue to be utilised for
events that might impact the original quality risk
management decision, whether these events are
planned (e.qg., results of product review, inspections,
audits, change control) or unplanned (e.g., root cause
from failure investigations, recalls) and, therefore,
the risk review might result in a reconsideration of
risk acceptance decisions.

4.2 PHARMACEUTICAL QUALITY SYSTEM

The ICH Q10 Pharmaceutical Quality System (PQS)*
covers the entire lifecycle of a product including
pharmaceutical development, technology transfer,
manufacturing, and product
discontinuation. The major pillars under the

commercial

comprehensive PQS model are (i) process parameters
and product quality monitoring system, (ii) corrective
action / preventive action (CAPA) system, (iii) change
management system, and (iv) management review.
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Knowledge management and quality risk management
are applicable throughout the lifecycle of a product.
Such an effective pharmaceutical quality system that
is based on International Standards Organisation
(ISO) quality concepts, includes applicable Good
Manufacturing Practice (GMP) regulations and the
ICH Q7 guideline'®* and complements ICH Q8
“Pharmaceutical Development”® and ICH Q9
“Quality Risk Management”*!. The objectives of the
ICH Q10 guideline'?, complementing or enhancing
regional GMP requirements are (i) achieving product
realisation, (ii) establishing and maintaining a state
of control by developing and using a Quality Risk
Management (QRM) system for process performance
and product quality, thereby providing assurance
of continued suitability and capability of processes,
and (iii) facilitating continual improvement by
identification and implementation appropriate
product quality improvements, process improvements,
variability reduction, innovations and pharmaceutical
quality system enhancements, thereby increasing
the ability to fulfil quality needs consistently. Quality
risk management can be useful for identifying and
prioritising areas for continual improvement.
Knowledge
management enables the manufacturer of drug
products to implement ICH Q10* effectively and
successfully. The senior management has the
ultimate responsibility to ensure that an effective
pharmaceutical quality system is in place to achieve
the quality objectives, and that roles, responsibilities,
and authorities are defined, communicated and
implemented throughout the company.

management and quality risk

4.3 REGULATORY GUIDANCE REGARDING
CHANGE CONTROL

The ICH Q5E guideline* outlines the goal of the
comparability exercise to ascertain that pre- and
post-change drug product is highly similar in terms
of quality, safety, and efficacy. The virus filtration step
has to be evaluated regarding changes in the quality
attributes comparing the pre- and post-change of
the drug substance / product intermediate.

Considering the quality of the drug substance / drug
product, appropriate analytical techniques have to
be applied. In order to detect minor modifications,
the analytical methods should be extended from
standard in-process control tests to tests used
during the development of the production process.
The characterisation of the product (according to
ICH Q6B%) includes physicochemical properties,
biological activities, immunochemical properties, and
purity, impurity, and contaminants. Potential changes
in the stability of the post-change product are
considered remote but the requirement for stability
studies (re-test period for the drug substance and
shelf life for the drug product) should be discussed
with the relevant regulatory authorities.

ICH Q7% includes a paragraph on Change Control
stating that a formal change control system should
be established to evaluate all changes with written
procedures for identification, documentation,
appropriate review, and approval of changes.
Proposals for GMP relevant changes, as exchange
of virus retentive filters, should be drafted, reviewed,
and approved by the appropriate organisational
units of the manufacturer. Scientific judgement
should determine what additional testing and
validation studies are appropriate to justify a change
in a validated process. After the change has been
implemented, the first batches produced should
be evaluated.

ICH Q127 describes Established Conditions, Post-
Approval Change Management Protocol (PACMP),
Product Lifecycle Management (PLCM) Document,
Pharmaceutical Quality System (PQS) and Change
Management, Regulatory
Assessment and Inspection, Structured Approaches
for Frequent CMC Post-Approval Changes, and
Stability Data Approaches to support the evaluation
of CMC changes; the topics of this guideline relevant

Relation between

for changes of virus retentive filters are already
discussed above.
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5. Conclusion

Changes to manufacturing processes are frequently
made for biotechnological / biological products to
improve manufacturing processes regarding e.g.,
improved yield, purity, virus safety, decreased costs,
and time required for a certain manufacturing step.
When during the development of a virus filtration
step already an alternative filter was studied and all
relevant data are part of the marketing authorisation
application (MAA), the use of this alternative filter
is not a change.

Replacing virus retentive filters is intended to meet
filter supply issues or to implement improved filters
with decreased time required for the filtration of a
batch of product due to increased TMP and volume/
filter area, and improved, robust virus removal
capacity of the filtration step for small non-enveloped
viruses as parvoviruses.

Considering the regulatory guidance, the risk to
product quality due to the change of the virus filter
is assumed to be low as (i) instructions are provided
by the filter manufacturers how to implement the
filter (and these instructions will have to be followed),
(ii) practically identical physicochemical and biological
properties of the pre- and post-change product will
be achieved demonstrated by employing analytical
methods used during the development of the
filtration step and in routine in-process testing, and
(iii) the virus removal capacity is considered to be
increased and more robust having been demonstrated
in virus clearance studies. Table 3 outlines activities
relevant for post-approval change of virus retentive
filters with experimental studies covering the virus
removal capacity (to be the same or improved) and
the unmodified properties of the drug substance/
product after the filter exchange.

Regulatory guidance is recommended when the
change is initiated. Notification of the change to
regulatory authorities have to be performed according
to the guidance by the respective relevant regulatory
authorities.
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Table 3: Exemplary Outline of Activities for Post-Approval Change of Virus Retentive Filters

Documents

Detailed Information in document

(responsibility for continuous updating of information in
documents primary by Quality Assurance and Regulatory
departments)

Required experimental studies to
support change

Post Approval Change
Management Protocol
(PACMP)

Detailed description of proposed change including rational

Perform science-based Risk Assessment considering the
impact of change on product quality

Initial risk assessment proposes specific studies to be
performed to mitigate or manage potential risk for product

Virus clearance studies employing the
relevant, product-specific intermediate
have to demonstrate a robust, effective
virus reduction capacity of the new filter
at least as high as the currently
implemented virus retentive filter. The
removal of small viruses as parvoviruses
under the modified conditions (increased
pressure and volume of intermediate
(and buffer flush, if used)/ filter area) is
the primary focus of such studies

Assess that product quality is unmodified
by the change employing appropriate
tests (based on scientific judgement
including prior knowledge; studies should
be extended from standard in-process
control tests to tests used during the
development of the production process)

Product Life Cycle
Management (PLCM)
document

Outlines the specific plan for product lifecycle
management that includes the ECs, reporting categories
for changes to ECs, PACMPs (if used) and any post-
approval CMC commitments

Pharmaceutical Quality
System (PQS)

PQS described in ICH Q10 “Pharmaceutical Quality System”
is based on International Standards Organisation (ISO) quality
concepts, includes applicable Good Manufacturing
Practice (GMP) regulations and complements ICH Q8
“Pharmaceutical Development” and ICH Q9 “Quality Risk
Management”. ICH Q10 is a model for a pharmaceutical
quality system that can be implemented throughout the
different stages of a product lifecycle. A PQS should achieve
product realisation, establish and maintain a state of control,
facilitate continual improvement with the enabler Knowledge
Management and Quality Risk Management.

Senior management has the ultimate responsibility to
ensure an effective pharmaceutical quality system is in
place to achieve the quality objectives, and that roles,
responsibilities, and authorities are defined, communicated
and implemented throughout the company
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