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Purification of the Biopharmaceutical

"The extent of purification of recombinant DNA
products should be consistent with the intended use of
the product. Drugs and biologics which are to be
administered repeatedly or at high concentrations
should be adequately pure to prevent the development
of undesired immune or toxic reactions to
contaminants. The purification process should be
designed to specifically eliminate detectable viruses,
microbial and nucleic acid contamination and
undesirable antigenic materials."

1985 FDA guidance on the production and testing
of recombinant DNA-derived products /

1. GOALS: PURITY, RECOVERY AND CONSISTENCY

From the harvested production, the expressed biopharmaceutical needs to be purified
in sufficient quantity to produce the bulk active pharmaceutical ingredient (API).
Regardless of the type of production system used or its scale, the products will be
purified using procedures common to either protein or DNA molecules.

The goal of the purification process is to effectively separate the product from both
its impurities and any putative adventitious agent contamination, without unacceptably
altering the product.

Each harvested production system presents similar but unique challenges for the
purification process; for example, if recombinant mammalian or human cells are used, the
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purification process must be robust in its ability to remove viral contaminants. It should
be noted that for some gene therapy products (e.g., a patient's cells which have been
genetically altered with a viral vector), purification may not even be possible .

1.1. Two Major CMC Regulatory Concerns for Purification

There are two major CMC regulatory concerns about the purification processes used
for biopharmaceuticals:

1. Proper Design

The purification processes must be adequate designed to sufficiently
separate the biopharmaceutical product from the many components
present after the harvest of the production process, including the
capacity to remove putative viruses that might accidentally contaminate
the production system.

2. Consistent Performance

The purification processes must have adequate procedures and controls
.n place to ensure that the process is consistently operated, and thatit
yields a consistent product of the desired quality.

It is the responsibility of each manufacturer to demonstrate to the regulatory agencies that
their specific purification process is adequately designed and controlled, yielding the
desired product.

Note, the regulatory agencies, in contrast to the manufacturer, are not that concerned
about the level of product yield, except when that yield might impact the ability of the
manufacturer to produce enough product for market launch.

1.2. Need for High Recovery of a Pure Product

A manufacturer does not really have a useable purification process until it can be
shown that the process yields a suitably high recovery (many purification processes
provide overall recoveries of the biopharmaceutical in the 60% level or higher) and
acceptable product purity (many purification processes are targeted at the 95% purity
level or higher), every time the process is run.

Most purification processes at Phase 1 will not meet these criteria, and they are not
required to do so. Unfortunately, many biopharmaceutical companies rush into the clinic
with a purification process , fail to commit to do process development alongside their
clinical development; and if they find clinical value, they are then faced with a
purification process that either may not meet regulatory expectations or cannot be run
economically. Continual development and improvement of the purification process
during the clinical drug development stages is essential for eventual commercial success.
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1.3. What is a 'Purification Process'?
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The goal is to go from the harvested production material to an isolated , pure
biopharmaceutical product. Ideally, this should occur under conditions that are stable,
and conditions that produce the desired pure biopharmaceutical in the required amounts
over a realistic timeline. And furthermore, purify the biopharmaceutical under conditions
that yield a safe product and one with appropriate quality characteristics.

The purification process for a biopharmaceutical, which starts with the harvested
production material, mayor may not first require extraction, mayor may not require
physical separation, but will always require one or more chromatographic process steps,
to eventually yield the purified API, as illustrated in Figure 11.

Figure 11. Steps of a biopharmaceutical purification process

[ Harvested Production Material ].,
[ Extraction ]

I
[ Physical Separation

~

[ Chromatography ]
I

[ Purified API ]
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For harvested biopharmaceuticals present in aqueous solution (e.g., recombinant
proteins and monoclonal antibodies expressed in either cell-based bioreactor production
systems or milk from transgenic animals), purification can readily proceed. However, for
harvested biopharmaceuticals not present in aqueous solution (e.g., seeds from transgenic
plants), further processing (such as milling the seeds into a fine flour) occurs first,
followed by aqueous extraction of the biopharrnaceutical, which is then ready for
purification to proceed.

The purification of the product from its impurities involves multiple process steps
incorporating various types of physical separations and chromatographic methods. For
biopharmaceuticals harvested from production systems that can amplify adventitious
virus, the purification process is also designed to contain viral inactivation (e.g., low pH
treatment) and viral removal steps (e.g., nanofiltration) in order to provide adequate
clearance of putative viral contaminants from the production process.

After the purification process, the bulk active pharmaceutical ingredient (API) is
typically placed in a suitable container and stored until needed for later formulation and
drug product manufacturing.

1.3.1. Physical Separations Methods for Biopharmaceuticals

One of the primary physical separation methods for recombinant protein s and
monoclonal antibodies is precipitation, with either the biophai rnaceutical or the pi .)tCi.....
impurities being precipitated, followed by centrifugation to separate the precipitate from
the solution:

• To Precipitate the Biopharmaceutical

The properties of the solution are altered, for example, either by
addition of salts such as ammonium sulfate or by addition of organic
polymers such as polyethylene glycol (PEG). By increasing either the
salt concentration or the non-ionic polymer PEG concentration, the
additives are excluded from the protein surfaces resulting in their
preferential hydration, thus facilitating hydrophobic surface
associations between protein molecules. First protein aggregation
begins and eventually protein precipitation. After the
biopharmaceutical has been precipitated, the precipitate is collected by
centrifugation, washed, and then the biopharmaceutical is resuspended
in solution.

• To Precipitate the Impurities,

The properties of the solution are altered, for example, by addition of
organic complexants. By adding the short chain fatty acid, octanoic
acid, also called caprylic acid, to the protein mixture at low pH, acidic
protein impurities increase in hydrophobicity, resulting in their
precipitation. By adding the organic base, ethacridine, to the protein
mixture at high pH, basic protein impurities form stable insoluble ionic
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complexes with the chemical, resulting in their precipitation. After the
impurities have been precipitated, the precipitate is collected by
centrifugation and discarded . The solution containing the
biopharmaceutical is kept.

A second physical separation method for biopharmaceuticals is filtration , in which a
fixed membrane pore size is used to allow molecules of a smaller size to flow through the
membrane while retaining the larger molecules or organisms . Depending upon the pore
size, the biopharmaceutical could either flow through the membrane (e.g., when
performing sterile filtration) or be retained by the membrane (e.g., when performing a
buffer exchange) .

1.3.2. Chromatographic Purification Methods for Biopharmaceuticals

There are several chromatographic separation methods available for recombinant
proteins and monoclonal antibodies:

• Size Exclusion Chromatography (SFC)

SEC separates proteins by molecular size, by taking advantage of
column resins having a specified pore diameter . Proteins too large in
size to enter the resin pores are excluded and move through the column
rapidly, eluting at the beginning of the chromatogram, the void peak.
Proteins having access to the pores are said to be included . Their
separation characteristics are determined by the pore size distribution
within the pore volume. Proteins at the upper molecular size end are
included only in the larger pores, which gives them a shorter path
length through the column and earlier elution. Proteins at the lower
molecular size end interact with all of the pores, which give them a
longer path length through the column and later elution.

• Ion Exchange Chromatography (1EC)

IEC separates proteins by their charged residues. Charged residues on
protein surfaces include the side groups of amino acids, the a-amino
and a-carboxyl termini of the chains, and sialic acid residues on
glycoproteins. These residues are amphoteric , making the sign and net
charge on proteins a function of pH. The pH at which a protein's
positive charge balances its negative charge is its isoelectric point (pI).
A protein binds to an anion exchanger (resin bearing negative charge)
at pH values above its pI. A protein binds to a cation exchanger (resin
bearing positive charge) at pH values below its pI. The bound proteins
are eluted either by altering the pH of the column buffer, by addition of
competing ions, or both.
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Membrane-based chromatography is a form of IEC . Rather than a
column packed with resin beads, polymeric ion exchange membranes
contained in cassettes are used . Cation exchange membranes capture
proteins while allowing DNA and endotoxins to flow through; anion
exchange membranes retain DNA and endotoxins while allowing the
protein to flow through. These membranes are single-use and
disposable.

• Hydrophobic Interaction Chromatography (HIC)

HIC utilizes two fundamental principles. The first principle is that salts
are preferentially excluded from both protein surfaces and
chromatography resins. Thus with increasing salt concentration in the
column buffer, it becomes favourable for proteins to bind to the resin.
The second principle is that hydrophobic interactions are a strong
attractive force in salt solutions. Therefore, strongly hydrophobic
proteins bind more strongly to the resin than weakly hydrophobic
proteins. By removing the salt from the column buffer, the bound
proteins elute according to their hydrophobicity, from lower to higher.
Sometimes the addition of organic solvents to the column buffer is
necessary to elute the oound strongly hydrc pho oic proteins

• Affinity Chromatography (AC)

AC exploits the interaction of bound ligands on a chromatographic
resin with proteins in solution. The ligands can be chemical or
biochemical. Chemical ligands include chelated metals (e.g., nickel to
bind to histidine sites on the protein) and dyes (e.g., Cibachron blue,
also known as blue-2, to bind to strongly basic proteins). The most
widely used biochemical ligand is Protein A (a cell wall component of
Staphylococcus aureas that binds strongly to IgG monoclonal
antibodies). The protein solution is passed through the affinity column,
the specific proteins bind to the column resin, the column resins are
washed, and then the bound proteins are eluted.

• Reversed Phase Chromatography (RPC)

RPC also separates proteins by their hydrophobicity. The column resin
is coated to provide a non-polar hydrophobic surface. In the presence of
organic solvents, it becomes favourable for the proteins to bind to the
resin. By increasing the concentration of the organic solvents and
decreasing the concentration of water in the column buffer, the bound
proteins elute according to their hydrophobicity, from lower to higher.
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The design of the purification process will include some combination of these
chromatographic steps which will vary with the biopharmaceutical product needing to be
purified.

For therapeutic IgG monoclonal antibodies, where many have already been approved
by the FDA for the market and many more are in clinical development, it is now possible
to consider a generic purification process for these biopharmaceuticals:

[Cell Culture Harvest]

Protein A Affinity Chromatography

Viral Inactivation

Polishing Chromatographic Step (IEC or HIC)

Viral Filtration

API

For the DNA-based biopharmaceuticals, the choice of chromatographic methods is
currently limited. Anion exchange chromatography, which is widely used to separate
proteins from residual DNA, finds the reverse application for the DNA-based vectors, in
which residual protein is desired to be separated from DNA product. Further purification
of the DNA can be accomplished by using one or more of the other chromatographic
processes (such as SEC , HIC or RPC).

1.4. Purification Processes Familiar to the FDA

Regulatory agencies, since they review and approve the purification processes to
grant market approval, are very familiar with purification processes involving the
different types of physical separation and chromatographic methods. Table 41 presents
some specifics for purification processes for biopharmaceuticals.
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Table 41. Purification process information from FDA approved
biopharmaceuticals'f' 71, 102

Palivizumab (Synagis~, Humanized Monoclonal Antibody

Chapter 7

Harvested Cell-Free Conditioned Medium
~

Cation Exchange Chromatography
A product capture step optimized for volume, and reduction in bovine serum albumin (BSA) and DNA

~

Benzonase Treatment
Enzymatic treatment to reduce the level of residual DNA

~

Protein A Affinity Chromatography
Removalof Benzonasein addition to other process and cell-derivedcontaminants

.ij

i"/anofhiration
\".ral removal process step.

~

Anion Exchange Chromatography
Further reduction in process contaminants such as bovine IgG, transferrinand endotoxin.

(All purification operationsare carried out in environmentalrooms each with an air classificationof 10,000and
terminal HEPA filtration. Processoperationsare also segregatedaccording to cleanliness level, and pre- and

post-viral clearance procedures. Full gowning is required for personnel in the purificationsuite and consists of
a sterile clean room gown, boots or shoe covers, hair cover, gloves, and face mask.)

Infliximab (Remicade~, Chimeric MouselHuman Monoclonal Antibody

Harvested Cell-Free Conditioned Medium
~

Protein A Affinity Chromatography
A product capture step optimized for volumeand removal of serum albumin (BSA)

~

SolvenUDetergent Treatment
Virus inactivationprocess step

~

Cation Exchange Chromatography
~

NanonItration
Virus removal inactivationstep

~

Anion Exchange Chromatography
~

Anion Exchange Chromatography
Further reduction in bovine IgG impurity level
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Aldesleukin (Proleukin~, Recombinant Human IL·2

Harvested Particulate Maltter
~

SOS Buffer Treatment
To extract the protein into aqueous solution

~

Protein Reduction
~

Size Exclusion Chromatography
~

Protein Oxidation
To refold the protein into the correct configuration

~

Reversed Phase High Performance Liquid Chromatography (RP·HPLC)
~

Precipitation
~

SOS Buffer Treatment
To solubilize the protein product

1J
Size :l':xclti~ion Chromatography

~

Diaflltration

2, ADEQUATE DESCRIPTION OF THE PURIFICATION PROCESS
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As indicated previously in the chapter on production, the FDA expects the
manufacturer to make the following statement in their Phase lIND submission: "the
sponsor believes that the manufacturing of either the drug substance or the drug product
does not present any signal of potential human risk.,,16 To support such a statement, the
manufacturer needs to describe the purification process for the biopharmaceutical. This
description needs to be accurate and of sufficient depth to allow the FDA reviewer to
conclude that the purification process is indeed safe, does what it has been designed to
do, and does not impose any safety risks to the purified biopharmaceutical.

The amount of information about the purification process that the regulatory
agencies expect to see included in the regulatory submissions increases as the clinical
development advances. As stated in the FDA regulations, 21 CFR 312.23(a)(7)(i):

"Although in each phase of the investigation sufficient information is required
to be submitted to assure the proper identification, quality, purity and strength of
the investigational drug, the amount of information needed to make that
assurance will vary with the phase of the investigation, the dosage form , and the
amount of information otherwise available.,,34
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Keep in mind, that for biopharmaceuticals, the regulatory expectation is that "more
information may be needed to assess the safety of biotechnology-derived drugs"
compared to chemically-synthesized drugs."

2.1. During Clinical Development

The minimum CMC continuum applies to purification processes. At each stage of
clinical development, the regulatory agencies expect that the minimum CMC
requirements will be met, and that these requirements will increase and tighten as clinical
development progresses.

2.1 .1. Phase lIND Submission

For the Phase liND, the amount of information needed to describe the purification
process is expected to be 'brief:

"The- full address of the manufacturer of the clinical trial drug substance should
be submitted.

A brief description of the manufacturing process , including a list of the reagents,
solvents, and catalysts used, should be submitted. A detailed flow diagram is
suggested as the usual, most effect ive, presentation of this information.':"

But what is 'brief ? My recommendation is that sufficient information about the
purification process needs to be provided to assess safety of the biopharmaceutical. Ask
yourself, what would you need to know about the purification process to make this
assessment? That's what should be provided. Clearly, this doesn 't mean submitting the
batch production records . But it does mean summarizing the specifics of those batch
production records and including them in the submission. An example of the level of
CMC detail that could be provided in the submission at this stage of clinical development
is presented in Table 42. This table only presents one step of the entire purification
process, so similar sections would need to be written for each of the purification steps. In
addition, sections would need to be written for the acceptance criteria for all of the raw
materials used in purification, for any specialized preparation of purification buffers, for
the viral safety steps included in the purification process, and for the in-process controls
to be used. In addition, the requested detailed flow diagram needs to be included.
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Table 42. Illustration of the level of CMC content for a Phase lIND submission:
One chromatographic process step

Concentration and Diafiltration

Adjust pH to 7.0 using I M sodium phosphate dibasic or I M hydrochloric acid. Concentrate the pooled
fractions to 1-2 mglmL using hollow fiber cartridges with a 10,000 MW cutoff. Diafilter the concentrate
against 6 volumes of 20 mM sodium phosphate buffer, pH 7.0.

Phenyl Sepharose Chromatography

Equilibrate Phenyl Sepharose column (20 x 100 ern, bed height of 80 ern) with aqueous buffer containing 1.2 M
ammonium sulfate and 10 mM sodium phosphate pH 7.0. Load the diafiltered product (50-200 g) onto the
column. The product binds to the column resin. Elute the column using a gradient of 1.2 M to 0.0 M
ammonium sulfate in 10 mM sodium phosphate . The column effluent is monitored by optical absorbance at
280 nm and elution fractions are collected . Pool the fractions using SDS-PAGE analysis of the collected
fractions. Filter the pooled fractions through a 0.2 micron capsule filter. Hold pool at 2-8°C for up to 12 hours.
The column is regenerated by treatment with the following successive solutions: 2 M NaCI, water, 30%
isopropyl alcohol, water, and I N NaOH. The column is stored in either 0.1 N NaOH for less than one week or
10 mM NaOH for greater than one week.

2.1.2. Phase 2 iND Submission

It is expected that additional knowledge about the purification process, especially
how to more adequately control it and to make it more robust, will be obtained during the
clinical development stages. The FDA expects this additional information to be included
in a Phase 2 submission, and also updates of any purification process changes:

"The general description of the synthetic and manufacturing process (e.g.,
purification) described in Phase 1 should be updated from a safety perspective if
changes or modifications have been introduced .

An updated detailed flow diagram for the synthesis or manufacturing process
should be provided .

Reagents (including solvents and catalysts), equipment (.. . columns), and
provisions for monitoring and controlling conditions used in each step should be
provided .

To the extent possible in Phase 2, sponsors should document that the
manufacturing process is controlled at predetermined points and yields a product
meeting tentative acceptance criteria . Although in-process controls may still be
in development, information on in-process controls for monitoring adventitious
agents should be provided.T"
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2.1.3. Phase 3 IND Submission
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By the time of the Phase 3 submissions, a much greater amount of purification
description is expected to be filed :

"Updates of the acceptance criteria and analytical procedures for assessing the
quality of starting materials should be provided. A table listing all reagents,
solvents, catalysts should be submitted that includes (1) the grade of each
material used, (2) the specific identity test performed, (3) the minimum
acceptable purity level, and (4) the step of the synthesis and manufacturing
process in which it is used. For special reagents (e.g., sera, enzymes, or proteins
of animal origin), a more comprehensive list of tests, screening and acceptance
criteria may be needed . In critical cases (e.g., monoclonal antibodies configured
in affinity matrices), a full description of the manufacturing process may also be
needed.

An updated detailed flow diagram should be provided. Reagents, equipment
(e.g., .. . columns) and monitored and controlled conditions used in each step
should be identified.

A general step-by-step description of the synthesis and manufacturing processes
should be provided. Relevant information should indicate batch size (range) , the
type of reaction vessel, relative ratios of reactants, general operating conditions
(time, temperature), in-process controls (complete description of analytical
procedures) and literature references for novel reactions or complex
mechanisms.

Controls at selected stages in the synthesis and manufacturing process that
ensure reaction completion, identity, and purity or proper cell growth should be
described. The acceptance criteria and analytical procedures should be described
for isolated intermediates that require control. Tentative acceptance criteria can
be used to allow for flexibility in the development process, but should fulfill the
primary purpose of quality control. The description of the analytical procedures
should be brief, and appropriate validation information should be available on
request. Reprocessing procedures and pertinent controls should be described.v'"

2.2. Preparing the BLAINDA Submission

The 'complete' description of the purification process is required in the market
approval submission. And when the FDA says 'complete', they mean it. In fact, if this
purification information is not complete, it can be a cause for the FDA to refusal to file
the submission." Some of the CMC information on the purification process that is
required is presented in Table 43.
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Table 43. CMC information to be included in the BLA/NDA dossier to describe the
purification process for recombinant proteins and monoclonal antibodies4o

Identification of
Manufacturer(s)

Floor
Diagram(s)

Other Products

Contamination
Precautions

Raw Materials
and Reagents

The application should include the name(s) , address(es), FDA registration number, and
other pertinent organizational information for each manufacturer performing any portion of
the manufacture of the drug substance .

A brief description of the operations performed at each location, the responsibilities
conferred upon each party by the applicant and a description of how the applicant will
ensure that each party fulfills their responsibilities should be submitted .

For each manufacturing location, a floor diagram should be included that indicates the
general facility(ies) layout. 'This diagram need not be a detailed engineering schematic or
blueprint , but rather a simple drawing that depicts the relationsh ip of the subject
manufacturing areas, suites, or rooms to one another, and should indicate other uses made
of adjacent areas that are not subject of the application . This diagram should be sufficiently
clear such that the reviewer may visualize the flow of the production and would be able to
identify areas or room 'proximities' that may be of concern for particular operations , e.g. .
segregation of pre and post viral inactivation material and operations , segregation of animal
facilities, etc. Room numbers or other unique identifiers should be provided , however it is
not necessary to include the location of processing equipment with rooms and areas.

A comprehensive list of all additional products to be manufactured or manipulated in the
areas used for the product should be provided . The applicant should indicate in which
rooms the additional products will be introduced and the manufacturing steps that will take
place in the room. An explanation should i,e given as Ie.- whether these additional products
will be introduced on a campaign basis or concurrently during nroduction 01 the product
which is the subject of the application . Any additional products that may share product
contact equipment with the product in question should be indicated (dedicated vs multi-use
equipment should be delineated) . A brief description should be provided as the type and
developmental status of the additional products .

For all areas in which operations for the preparation of cell banks and product
manufacturing are performed , the following information concerning precautions taken to
prevent contamination or cross-contamination should be provided :

• Air quality classification of room or area in which operation is performed , as
validated and measured during operations

• A brief, narrative description of the procedures and/or facility design features for the
control of contamination, cross- contamination and containment (air pressure
cascades, segregation of operations and product, etc.) - this is of particular
importance for multi-use areas

• General equipment design description, e.g., does design represent and open or closed
system or provide for a sterile or non-sterile operation

• A description of the in-process controls performed to prevent or to identify
contamination or cross-contamination

A list of all components used in the manufacture of the drug substance. and their tests and
specifications or reference to official compendia should be provided . For purchased raw
materials representative certificates of analysis from the supplier(s) and/or manufacturer's
acceptance criteria should be included in the submission .

Process gases and water are considered raw materials .

A list with tests and specifications of all special reagents and materials used in the
manufacture of the drug substance, e.g., buffers , monoclonal antibodi es. preservat ives, etc.
should be submitted . In cases where an ancillary biological product is used in the



174

Process Flow
Charts

Purification and
Downstream
Processing

Batch Records

In-Process
Controls

Process
Validation

Studies

Chapter 7

manufacture of the drug substance (e.g.. a monoclonal antibody used in affinity
chromatography). a detailed description of the preparation and characterization of the
reagent should be submitted .

A description of the tests and specifications for materials of human or animal source that
may potentially be contaminated with adventitious agents. e.g.. mycoplasma. BSE agent.
and other adventitious agents of human and animal origin should be submitted . Validation
data or certification supporting the freedom of reagents from adventitious agents should be
included in the submission .

A complete visual representation of the manufacturing process flow should be provided .
This flow chart should indicate the step in production. the equipment and materials used. the
room or area where the operation is performed and a complete list of the in-process controls
and tests performed on the product at each step. This diagram should also include
information (or be accompanied by a descriptive narrative) on the methods used to transfer
the product between steps. i.e.• sterile. steam-in-place (SIP) connection. sanitary connection .
open transfers under laminar flow units. etc. Such transfers should be described for
movement of product between equipment . areas/rooms. buildings and sites. Manufacturing
steps which are computer controlled should be identified . Manufacturing steps which are
computer controlled should be identified.

A detailed description of the purification and downstream processing. including a rationale
for the chosen methods. and the precautions taken to assure containment and prevention of
contamination or cross-contamination should be provided. In-process bioburden and
endotoxin limits should be specified where appropriate. Any reprocessing using a validated
reprocessing method and the conditions for hatch eligibil ity should be described.

Indication should be made as to the multi-use nature of areas and equipment (e.g.•
campaigning vs. concurrent manufacture; dedicated vs. shared equipment) used for these
procedures . A brief description of the controls employed to ensure segregation and prevent
cross-contamination should be provided.

A completed (executed) representative batch record of the purification process should be
submitted .

A description of the methods used for in-process controls . e.g.. those involved in
downstream processing. should be provided.

A description and documentation of the validation of the purification process to demonstrate
adequate removal of extraneous substances such as chemicals used for purification. column
contaminants . endotoxin. antibiotics. residual host proteins. DNA. and viruses. should be
provided .

3. FACILITY AND UTILITY CONCERNS

The design and operation of the purification facility is the first step in understanding
what will be necessary for eventual validation of the purification process.
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3.1. Design and Operation
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The facility could be for single-product manufacturing or for multi-product
campaign manufacturing or for multi-product concurrent manufacturing. Emphasis
should be placed on operational features that minimize the risk of contamination from the
environment or cross-contamination from other products.

As the complexity of the activities in the production facility increase from single
product to multi-product. the regulatory agencies have greater concern about
contamination and cross-contamination issues. And they will,have great interest in the
manufacturer's capability of controlling this through (1) segregation of operations, (2)
procedural controls, (3) sharing of process equipment, and (4) air handler design .

The FDA has made it crystal clear that the biopharmaceutical manufacturing facility,
and utilities must be completely validated in order to pass the pre-approval inspection for
market approval. This applies equally to small-scale pilot facilities as well as to large
scale multi-product commercial facilities .i"

All purification steps should be performed in environmentally controlled areas, and
each purification step should be evaluated individually for appropriate environmental
control (e.g., monitoring frequencies, appropriate alert and action limits, surface
monitoring, personnel gowning , and corrective action).

The goal is to carry out the purification process without introducing adventitious
contamination. According to ICH Q7A .Section J8 Specific Guidance for APIs
Manufactured by Cell Culture/Fermentation, the following !!!'n~ral principles are
outlined :

"If open systems are used, purification should be performed under
environmental conditions appropriate for the preservation of product quality.

Appropriate precautions should be taken to prevent potential viral contamination
from previral to postviral removal/inactivation steps. Therefore, open
processing steps should be performed in areas that are separate from other
processing activities and have separate air handling units.

Appropriate controls should be taken to prevent potential virus carry-over (e.g.,
through equipment or environment.vf

Water for Injection (WFI) is used in the purification process. Because the water
generation systems in biopharmaceutical facilities are complex (consisting of water
treatment units, distillation units, hot and cold distribution loops and terminal filters at
use points), continual testing of water used in the production process per the United
States Pharmacopeia (USP) standard is required.P

Controls and procedures must be in place, even at the start of Phase 1 product
manufacturing, to ensure that the facility and equipment are handled in a manner that
minimizes the risk of microbial contamination for the biopharmaceutical product.
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3.2. Environmental Monitoring
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For purification processes, the FDA has not clearly defined their expectations for
environmental monitoring in a guidance document. However, in a published paper, FDA
reviewers elaborated on their expectations for environmental conditions for the
purification areas of biopharmaceuticals:

"Closed Purification Process Steps: Purification or other processing steps that
have minimal or no potential for environmental contract should be validated as
closed systems. When a purification system is shown to be c'losed to
environmental factors, operations performed in environmentally controlled areas
of at least Class 100,000 are acceptable. When closed systems are validated,
alternatives to these recommendations may be considered (it may be
unnecessary to maintain Class 100,000 requirements) . Air in purification areas
should be monitored for viable and nonviable particulate quality during dynamic
conditions. Such monitoring should occur during various stages of purification
for each batch because of the variability of the environmental quality introduced
by personnel practices. However, in some instances a case may be made for less
frequent viable and nonviable particulate monitoring. Such circumstances
should be evaluated case by case, and the overall monitoring program should be
designed to incorporate some degree of periodic monitoring during production
operations , involving a combination of viable and nonviable contaminant
monitoring methods.

Open Purification Process Steps: Purification or other processing steps that
expose product to environmental conditions are considered open systems and
should be performed in controlled environments, meeting at least Class 100,000
conditions . As stated above, controlled environments should be monitored for
viable and nonviable particulates at least weekly during dynamic conditions.
However, where possible, it is recommended that air be monitored for viable
and nonviable particulate quality during each processing step. When a greater
potential for product contamination exists, more stringent limits and/or controls
should be established. An assessment of appropriate conditions should be based
on the nature of the activities being performed, presence of additional
downstream processing, and risk of contamination to product. If it is determined
that aseptic conditions (Class 100) are appropriate for open steps (for example,
in a laminar flow hood or area), then the aseptic environment should be located
within rooms that are environmentally controlled to a sufficient degree to ensure
maintenance of aseptic conditions within the Class 100 environment.':"

For clarification, clean room classifications are based on limits for nonviable and
viable airborne particulate monitoring, microbial surface monitoring , and personnel
monitoring; Class 100 is also referred to as Grade A or Class M3.5 or ISOI4644-1 5;
Class 100,000 is also referred to as Grade D or Class M6.5 or ISOI4644-1 8.92. 93 From
my experience, most biopharmaceutical manufacturers design their purification areas to
meet Class 10,000 (Class C or M5.5 or ISOI4644-1 7) operational conditions.
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These clean room classifications need to be in place even for manufacture of Phase 1
material, since the FDA will want to review this information in the IND submission.
However, assignment of the action and alert limits in the environmental monitoring
program can be loose. As experience is gained with the manufacturing facility and the
purification process, the limits can be appropriately tightened using this historical data.
The final alert and action limits will need to be set, and justified, for the BLAINDA
submission.

4. PURIFICATION PROCESS VALIDATION

Validation of the purification process operates under the same general principles as
validation of the production process, discussed in the previous chapter. Validation of the
purification process is absolutely necessary in order to obtain and maintain approval for
marketing a biopharmaceutical product. The absence of process validation information in
a filed BLA or NDA is sufficient reason for the FDA to issue a refusal to file (RTF):

"The following are examples of basis for RTF due to insufficient description of
the manufacturing processes : . .. incomplete description of production of bulk,
including description of fermentation, harvest and purification procedures,

lidati ..31process V8. 1 anon . . ..

But even if it was not a regulatory requirement, it would be important for a
manufacturer to perform process validation in order to minimize process failures and
potentially endanger patient safety.

4.1. When Should Purification Validation Occur?

Purification validation should occur when the purification process is defined and
locked in. This clearly won't occur at Phase 1 or Phase 2. Most companies define and
lock in their purification process for the manufacture of Phase 3 clinical materials. Other
companies wait until after the Phase 3 manufacture to do this.

.At the early stages of clinical development (i.e., Phase 1 and 2), the regulatory
agencies do not expect the purification process to be validated:

"Process validation for the production of APIs for use in clinical trials is
normally inappropriate, where a single API batch is produced or where process
changes during API development make batch replication difficult or inexact.
The combination of controls, calibration, and, where appropriate, equipment
qualification ensures API quality during this development phase.',22

During clinical development is the time that the manufacturing process needs to be
flexible and constantly being improved upon. However, it should be noted that because
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of the absence of a validated process during clinical development, there is much greater
pressure placed on the Quality systems within a company :

"The production of investigational medicinal products involves added
complexity in comparison to marketed products by virtue of the lack of fixed
routines, variety of clinical trial designs , consequent packaging designs, the
need, often, for randomisation and blinding and increased risk of product cross
contamination and mix up. Furthermore, there may be incomplete knowledge of
the potency and toxicity of the product and a lack of full process validation . . ..
This increased complexity in manufacturing operations requires a highly
effective Quality system.v'"

It is expected that during clinical development, the manufacturer is gaining sufficient
information about the behaviour and physicochemical properties of the
biopharmaceutical product, as well as the purification process itself, to begin to clearly
define the critical steps of the process and to implement appropriate in-process controls .
Once the purification process is locked in, typically either prior to Phase 3 manufacture
or during Phase 3 clinical studies, it is these critical purification steps and in-process
controls that are then validated .

Validation studies can be performed on scaled-down processes. However, it is
importanr that production validation be confirmed on the commercial size batches to
ensure that there were no significant differences with the scale-down studies .' For
example, when scaling-up, longer processing times can result which exposes the product
to conditions of buffer and temperature for longer periods.

4.2. Process Validation Concerns for a Chromatographic Step

The purification of recombinant proteins and monoclonal antibodies includes several
chromatographic column-based purification steps. These steps are based on different
properties of the biopharmaceutical, such as size, charge, hydrophobicity and affinity .
These operations are carried out in a packed column connected to a pump to move fluids
through the column and a detector to monitor the effluent stream of the column.

Before chromatographic validation can proceed, the following components must be
addressed:

• Quality and consistency of chromatographic resin

Acceptance criteria for the incoming resin including identity, safety and
functionality tests

Shelf-life of resin

• Quality and consistency of column buffers and solutions
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Acceptance criteria including identity and safety of all chemical
reagents (including water quality)

Bioburden and endotoxin controls

• Equipment Qualification

IQ and OQ

SOPs covering each column operation - packing, equilibrating, loading ,
cleaning, sanitizing storage

• Assay Validation

Test methods to be used for the validation are themselves validated

Validation of the column performance can then begin . The chromatographic
parameters need to be set and then validated for :

~ The intended purpose for the chromatography step (e.g., removal of ~'::'ecirie

impurities)

• Absence of impact on the product (e.g., not de-natured or aggregated;
acceptable recovery)

• Leachables from the resin into the product stream (especiaIly after storage
and upon reuse)

• Cleaning of the packed column (e.g., absence of product and impurity
carryover; control of contaminants such as endotoxin, microbes and virus)

The FDA offers the foIlowing guidance on what is required to validate a
chromatographic process step:

• Column Cleaning

"For columns used in purification steps , ensure the firm has procedures
in place for cleaning and storage of the column housings and column
media and that the procedures are foIlowed ."I03

"Review SOPs for equipment cleaning procedures and determine if
they are validated and foIlowed. The validation should have included
an evaluation of the cleaning efficacy of dedicated equipment and
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assurance that detergents, if any, are removed during cleaning. The
firm should have established residual limits and be using an assay
appropriate to detect any contaminants. For multi-use equipment, the
cleaning validation should have established that there is no carry-over
between products such that the safety and efficacy of subsequent
products is compromised. There should be periodic monitoring of the
validated cleaning procedure to ensure continued cleaning
effectiveness." 103

• Column Reuse

"Often columns are regenerated to allow repeated use. Proper
validation procedures should be performed and the process should be
periodically monitored for chemical and microbial contamination." 3

"There should be established life span for each column type (i.e.,
number of runs or months of use). Ensure that columns are not used
beyond their established life span ." 103

"Limits should be prospectively set on the number of times a
purification component (e.g., a chromatography column) can be reused.
Such limits should be based upon actual data obtained by monitori ng
the components performance over time.,,29

• Purpose for Chromatographic Step

"Demonstration of the ability of the purification scheme to remove
adventitious agents and other contaminants, by means of a clearance
study.,,29

"Manufacturers should have validation reports for the various key
process steps. For example , if an ion-exchange column is used to
remove endotoxins, there should be data documenting that this process
is consistently effective. By determining endotoxin levels before and
after processing, a manufacturer should be able to demonstrate the
validity of this process. It is important to monitor the process before,
during, and after to determine the efficiency of each key purification
step. "Spiking" the preparation with a known amount of a contaminant
to demonstrate its removal, may be a useful method to validate the
procedure." 3

• Small-Scale Studies

"Typically, manufacturers develop purification processes on a small
scale and determine the effectiveness of the particular processing step.
When scale-up is performed , allowances must be made for several
differences when compared with the laboratory-scale operation. Longer
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processing times can affect product quality adversely, since the product
is exposed to conditions of buffer and temperature for longer periods .
Product stability, under purification conditions, must be carefully
defined . Manufacturers should define the limitations and effectiveness
of the particular step. Process validation on the production size batch
will then compare the effect of scale-up . Manufacturers may
sometimes use development data on the small scale for validation.',3

• Production-Scale Requirement

"However, it is important that validat ion be performed on the
production size batches ." 3

"What we do want though, in addition to the life span estimated by
small-scale, is that you confirm by heightened testing at manufacturing
scale under a validation protocol.v'?'

Most of the time, the vendor for the column resin typically has a CMC regulatory
package available to address the following 3 concerns: (1) the quality control testing for
resin release, (2) extractables from the resin and (3) effectiveness or cleaning and storage
agents microbial control. If your Quality Unit doesn .t have thi- package, .equest '1.

Since most column resins , while product-dedicated, are reused, t.ie validation rnus:
demonstrate the useful lifetime of the packed resin in the column. Small-scale validation
runs are typically carried out and then compared to the results from the production-scale
runs. An example of this approach is presented in Table 44.

As part of the validation lifecyc1e, a system needs to be in place to monitor column
performance, so that if the column begins to degrade or perform outside the validated
parameters, it can be immediately replaced or regenerated, as specified by appropriate
SOPs and supported by process validation.
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Table 44. Validation of column useful lifetime: Example of Rituxan® monoclonal
antibody purification with Protein A affinity chromatographic process step 105

Parameter
Measured

Product Yield (%)

Impurities (ppm)
CHO Protein

DNA

Leaschables (ppm)
Protein A

Chromatographic
Profiles

Cycle <20 Cycle> 200 (reused)

Small-Scale Production-Scale Small-Scale Production-Scale

98.8 97.\ \00.5 97.4

4956 3286 3200 949
4.7 3.6 1.7 <0.2

<7.8 <7.8 <7.8 9.3

Expected
chromatographic Comparable Comparable Comparable

shape

Virus Removal
(log., clearance)

X-MuLV
SV40
MVM

2.5
1.4
1.5

Not Applicable
3.\
2.5
2.7

Not Applicable

------------_...--_.-"~._...__._-"-- -_..,,~ ._----

4.3. Process Validation Concerns for a FiltrationStep

There are several types of filtration methods used In the purification of
biopharmaceuticals:

• Microfiltration (MF): uses small controlled pore sizes (typically 0.1 or 0.2
micron size) to physically separate the biopharmaceutical product from
microbial and mycoplasmal contamination

• Nanofiltration (NF) : uses small controlled pore sizes (typically 0.01 to 0.05
micron size) to physically separate the biopharmaceutical product from
virus contamination.

• Ultrafiltration (UF): uses very small pore sizes (molecular cut off from 1 to
1,000 kilodaltons in size) to retain the biopharmaceutical product while
allowing small molecules and buffer salts to pass through . UF is carried out
in tangential flow mode, and is used either to concentrate the protein
product or for buffer exchange (diafiltration)
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The filtration parameters need to be set, and then validation is performed to
determine the following:

• The intended purpo se for the filtration

• Absence of impact on the product (not de-natured or aggregated)

• Leachables from the membrane filter into the product stream

The filter vendor typically has a CMC regulatory package available to address the
quality control testing for filter release, the issue of extractables from filter membranes
and biological safety testing (per USP Biological Toxicity of plastics) for the filter
element components. If your Quality Unit doesn 't have it, ask for it.

When MF and NF units, which are used to remove adventitious agents (microbes,
mycoplasma, virus), are single-use and disposable. Therefore, cleaning validation is not
required. However, the UF units contain single-use filter membranes but the filter
holders (cassette) may be multiple-use. Cleaning a cross-flow filtration cassette can take
up to a day, use lots of WFI and is required to be validated. Disposable cassettes for the
UF unit are now available to reduce this cleaninz validation cost.

5. IN-PROCESS CONTROLS

Throughout the purification process, in-process controls are expected at key process
steps to provide an ongoing measure of the performance of the process and to ensure the
safety of the purified product. At a minimum, the following quality control in-process
tests should be performed:

• Step Yield (at selected process steps)

During clinical development, expected yields can be more variable and
less defined that the expected yields used in commercial processes'?

For commercial processes, actual yields 'should be compared with
expected yields at designated steps in the production process; expected
yields with appropriate ranges should be established based on previous
laboratory, pilot scale, or manufacturing data 22

• Bioburden (at selected process steps)

Monitor the bioburden level throughout the manufacturing process to
ensure the level is controlled103
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• Endotoxin (at selected process steps)

If there is a step in the manufacturing process to remove endotoxin, it is
usually early in the process, so the remainder of the process must be
carefully controlled against comtammanon'?'

• Critical Process Impurities Related to Safety (at a selected process step)

Antibotics used in cell culture (e.g., tetracycline, gentamicin)

Serum residuals from cell culture media (e.g., BSA, bovine IgG); if
serum is used at any stage, its calculated concentration in the drug
product shall not exceed 1:1,000,000 (1 ppm)29. 106

Immunogenic leachables from affinity column resins (e.g., Protein A
or monoclonal antibody-bound resinsr" 107

It is the expectation of the regulatory agencies that improvements in these process
controls, as well as additional process controls, will be implemented by the manufacturer
during the nevelopment of the process. For t.!;~ 'BLA/NDA submission , not only is a
complete description of all process controls expected , but also the justification of all in
process controls selected. Furthermore, the established in-process control test methods
need to be validated for the BLAINDA.

An example of the in-process controls for a FDA market approved purification
process is presented in Table 45.

Table 45. In -process controls for the monoclonal antibody purification process,
infliximab (Remicade~ 71

Purification ProcessStep

Protein A Chromatography

Solvent/Detergent Treatment

Cation Exchange
Chromatography

In-Process Controls

pH
Endotoxin by LAL

Bioburden
Protein concentration by OD280

Identity by IEF
Purity by GF-HPLC

pH

Endotoxin by LAL
Purity by GF-HPLC
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Nanofiltration

Anion Exchange
Chromatography (Primary)

Anion Exchange
Chromatography (Secondary)

Protein concentration by OD280

pH
Endotoxin by LAL

Purity by GF-HPLC

Endotox in by LAL
Purity by GF-HPLC

185

6. PROCESS·RELATED IMPURITY PROFILE

Process-related impurities have. three main origins in a biopharmaceutical
manufacturing process:

• Cell Substrate

Proteins derived from the recomb inant host organism

Nucleic acids (host cell genomic, vector or total DNA) derived from the
recombinant host organism

• Cell Culture Media Components

Inducers, antibiotics, serum

Endotoxin

• Purification Reagents and Materials

Enzymes, oxidizing/reducing agents, heavy metals, ligands (e.g.,
monoclonal antibodies), and other leachables

Endotoxin
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It is necessary to assure that these impurities are reduced to an acceptable level in the
biopharmaceutical product. Three approaches are used to determine this:

• Retrospective analysis:

Analysis of completed purification runs during clinical development
(especially if the residual test was included in the in-process testing)

• Monitoring

Measurement of residual levels at selected steps through the
purification process (assuming that there are detectable levels after the
first steps)

• Clearance studies

Spiking experiments at small-scale to demonstrate the removal of a
process-specific residual at a selected process step

At Phase 1. selected process-related residuals are typically tested at appropriate
locations in The purification process or the final API. During later stage clinical
development, the FDA expects clearance studies to be performed . There are four cases
where clearance studies are expected to be performed:

• Antibiotics used in cell culture media29

• Host cell DNA29
, 108

• Host cell protein lO8

• For any impurity claimed to be removed from a specific purification process
step -

"Manufacturers should have validation reports for the various key
process steps. For example, if an ion-exchange column is used to
remove endotoxins, there should be data documenting that this process
is consistently effective. By determining endotoxin levels before and
after processing, a manufacturer should be able to demonstrate the
validity of this process. It is important to monitor the process before,
during , and after to determine the efficiency of each key purification
step. "Spiking" the preparation with a known amount of a contaminant
to demonstrate its removal may be a useful method to validate the
procedure.:"
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These clearance studies are performed in an attempt to identify the major purification
steps capable of reducing the impurity burden and to document the capacity of those
purification steps in reducing the impurity content in the product. Furthermore, the FDA
indicates that the clearance studies may have to be repeated when manufacturing process
changes are considered.

For the market authorization filings, both the FDA and the EMEA expect impurity
testing on at least 3 consecutive production lots to confirm the removal of the process
related impurities for which clearance studies have been conductedi" 108

The CMC review for FDA approval of the monoclonal antibody infliximab
(Remicadef) illustrates one company 's approach to process-related impurity profiling."
A three-fold approach was used: (1) direct measurement of residual in product, (2)
monitoring removal of residual through the purification process, and (3) clearance
studies . For each potential impurity, direct measurement of the API was performed
(Table 46) .

Table 46. Direct measurement of process-related residuals present in the purified
monoclonal antibody, infliximab (Remicade~71

Impurity

Bovine Serum Albumin

Bovine IgG

Host Cell DNA

EDTA

Pluronic F68

Excyte

Bovine Transferrin

Bovine Insulin

Mycophenolic Acid

Hypoxanthine

Xanthine

Hydrocortisone

Tween 80

Tri-n-Butyl Phosphate

Protein A

Guanidine

Measured Level in Product

< 0.4 ngfmg

0,8 - 14 ngfmg

< 0.7 pgfmg

<0.15 mM

< 4.6 ugfmL

0.2 - 1.2 ngfmg

< 0.019 ngfmg

< 15.5 ngfmL

<4.6 ngfmL

<4.2 ngfmL

<O.3ngfmL

< 20 ugfmL

< 0.5 ugfmL

< 125 ngfmg

< 5.3 ugfmL
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The removal of one impurity (bovine IgG) was monitored through the purification
process (Table 47) and it showed that this impurity was primarily removed from the
product at the first chromatographic step. Clearance studies were performed on 5
impurities (BSA, host cell DNA, Excyte, Protein A and guanidine) to demonstrate several
logs of removal by subsequent chromatography steps.

Table 47. The re moval bovine IgG impurity through the purification process of the
monoclonal antibody, intliximab (Remicadeifi) (results in ng per mg ofMAb)71

Purification Process Step Lot 1 Lot 2 Lot 3 Lot 4

Protein A 15 18 7 102

Cation Exchange 9 10 3 87

Primary Anion Exchange 7 10 3 87

Secondary Anion Exchange 2 2 14

"-.__ .'--~. _.

Based on this three-fold approach to study process-related impurity removal, only
two impurities were of potential concerns: mycophenolic acid and bovine IgG.
Mycophenolic acid is used for selection of gpt expres sing C1681 transfectants during the
cell culturing process. However, mycophenolic acid is also a poison. Centocor was able
to effectively argue that the highest theoretical residual level of mycophenolic acid in
infliximab was lower that the licensed dose for mycophenolate mofetil, which is used for
the prevention of transplanted organ rejection. Since this was acceptable to the FDA,
they did not need to perform any additional studies . Bovine IgG (from the BSA used in
the cell culture process) is immunogenic. Centocor was required to set a specification for
bovine IgG, but not until 10 lots had been manufactured at the commercial scale."

7. VIRAL SAFETY EVALVATI ON

Prevention of virus contamination is achieved through incorporation of various
barriers placed in the manufacturing process. Choices made by the manufacturer 
concerning the selection of cell lines not containing endogenous viruses, the acceptance
criteria of any animal-derived materials used in production (sourcing policy, vendor
qualification, virus testing), the rigorous enforcement of cGMP s during production, and
the testing of each product ion harvest lot for the absence of virus - all contribute to
ensuring that viruses do not contaminate the biopharmaceutical product. But there is one
additional regulatory control: the need to assess the capacity of the purification process
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to clear infectious viruses. This assessment is done by performing viral clearance
studies .

It should be noted, that while animal- and human-derived raw materials are
frequently used in the production process, they also are occasionally found in the
purification process. For example, the Protein A used in affinity purification columns is
purified over an immobilized human immunoglobulin resin, thus exposing the Protein A
to potential human viruses. For this reason, many manufacturers are now switching to
recombinant Protein A, which avoids this problem. Another example is the use of Tween
80 (polysorbate 80) as a detergent in the purification process. Tween 80 is produced
from fatty acids which come from bovine tallow. Manufacturers now have the choice of
using Tween 80 manufactured from plant-derived fatty acids. Animal- and human
derived materials should be avoided if at all possible because of the risk of introducing
viruses and TSEs.

Viral clearance studies serve two purposes:

1. Evaluation: to demonstrate the ability of the purification process to clear
any virus known to be present in the production harvest material

2. Characterization:
clear adventitious
harvest material

to assess the robustness of the purification process to
viruses that could possibly contaminate the production

These studies are the 'final safety net' for protecting the product. By demonstrating
excess capacity for viral clearance built into the purification process, a manufacturer can
assure an appropriate level of safety

7.1. General Study Design

Viral clearance studies need to be designed, conducted and analyzed in a manner that
provides accurate information to reliably assess the ability of the purification process to
clear viruses. Table 48 presents some recommendations from regulatory authorities for
carrying out these studies .

Table 48. Some points to consider when carrying out viral clearance studies29
•
69

Facilities and Staff

Scaled-Down
Purification Process

Viruses are not allowed in a manufacturing facility. Therefore . virus clearance studies
should be conducted in a separate laboratory equipped for virological work and
performed by staff with virological expertise in conjunction with manufacturing
personnel involved in designing and preparing the scaled-down version of the
purification process.

The validity of the scaling down must be demonstrated . The level of purification of the
scaled-down version should be representative of the purification process performed in
manufacturing. Deviations which cannot be avoided due to scaling down must be
discussed and their influence on the results assessed.
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Step-Wise
Elimination of Virus

Function and
Regeneration of

Columns

Specific Precautions

Interpretation of
Results

Chapter 7

The contribution of more than one purification step must be assessed . Sufficient virus
should be present in the material of each step to be tested so that an adequate
assessment of the effectiveness of each step is obtained . Generally , virus should be
added to in-process material of each step to be tested . The virus titer before and after
each step needs to be tested .

Both virus removal and virus inactivation must be studied .

Over time and after repeated use, the ability of chromatography columns and other
devices used in the purificat ion scheme to clear virus may vary. Some estimate of the
stability of the viral clearance after several uses provides support for repeated use of
such columns . Assurance should be provided that any virus potentially retained by the
purification system would be adequately destroyed or removed prior to reuse of the
system .

Care should be taken in preparing the high-t iter virus to avoid aggregation which may
enhance physical removal and decrease inactivation thus distorting the correlation with
actual manufacturing.

Consideration should be given to the minimum quant ity of virus which can be reliably
assayed .

The study should include parallel control assays to assess the loss of infectivity of the
virus due to such reasons as the dilution, concentration, filtration or storage of samples
before titration .

The virus 'spike' should be added to tne p;-,xiuct in a sol..all volume S0 as not to dilute or
change the characteristics of the product. Diluted, test-protein sample is no longer
identical to the product obtained in manufacturing.

Virus inactivation is time-dependent, therefore , the amount of time a spiked product
remains in a particular buffer solution or on a particular chromatography column should
reflect the conditions of the purification process.

Buffers and product should be evaluated independently for toxicity or interference in
assays used to determine the virus titer, as these components may adversely affect the
indicator cells . If the solutions are toxic to the indicator cells, dilution , adjustment of
the pH, or dialysis of the buffer containing spiked virus might be necessary . Sufficient
controls to demonstrate the effect of procedures used solely to prepare the sample for
assay (e.g., dialysis , storage) on the removal/inactivation of the spiked virus should be
included.

An effective virus removal step should give reproducible reduction of virus load shown
by at least two independent studies .

Virus infectivity assays used to quantitate the virus titer should be sensitive ,
reproducible and conducted with sufficient replicates to demonstrate statistical
accuracy .

Assays used must have known between-assay precision . Results of the reference
preparat ion must be within approximately 0.5 10glO of the mean estimate established in
the laboratory for the assay to be acceptable .

The 95% confidence limits for test results of within-assay variation normally should be
on the order of ± 10glO of the mean.
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Reduction in virus tier of the order of 1 loglO or less is negligible and should not be
included in the overall reduction factor calculation.

Addition of individual virus reduction factors resulting from similar inactivation
mechan isms along the purification process may overestimate viral clearance.

Viruses are cleared by two different mechanisms:

1. Removal of the virus (e.g., chromatography, nanofiltration, etc.)

2. Inactivation of the virus (e.g., pH treatment, heat, detergent treatment,
etc.)

The FDA recommends that the purifi cation proces s be designed to include at least two
orthogonal robust viral clear ance steps." Viral clea rance is the sum of virus removal and
virus inactivation.

7.2. Justification of the Choice of Viruses

A critical component of the design of a viral clearance study is the justification of the
choice of viruses to use. Viruses should be chosen to resemble viruses which may
contaminate the product and to represent a wide range of physicochemical properties in
order to test the ability of the purification process to eliminate viruses in general :

• 'Relevant' viruses - those which are either the identified viruses, or of the
same species as the viruses, that are known, or likely to contaminate the
production process

Examples:. the use of a murine retrovirus for murine cell lines (e.g.,
NSO) known to contain infectious endogenous retroviruses; the use of
bovine viral diarrhea virus (BVDV) for cell lines contaminated with
hepatitis C virus (HCV)

• 'Specific model' viruses - those which are closely related to the known or
suspected virus (same genus or family) , having similar physical and
chemical properties to the observed or suspected viruses

Examples: the use of xenotrophic murine leukemia virus (XMuLV) for
cell lines derived from rodents that contain endogenous non-infectious
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retrovirus-like particles, like Chinese hamster ovary (CHO); the use of
herpes simplex virus (HSV) or pseudorabies virus (PRV) for human
cell lines immortalized by Epstein-Barr virus (EBV)

• 'Non-specific model' viruses - those which encompass a wide range of
physico-chemical properties (size, enveloped capsid, and resistance to heat
and chemical treatment) to demonstrate the robustness of the purification
process for clearing viruses

Characterization of the viral clearance capability of the purification
process typically requires testing the removal/inactivation of at least 4
non-specific model virus types (Table 49).

Table 49. Some non-specific model viruses used in virus clearance studies

Resistance to
Physicochemical

Genome Enveloped" Diame.terfrefotnwnts**

- - - - - - -_.._ - -_ ._._-- -_.__..~.__ .._~ ....__...
Examples

DNA No ::;50 nm Very High Murine Minute Virus (MMV)

Porcine parvovirus (PPV)

RNA No 20-80 nm Medium to High Reovirus (Reo)

Hepatitis A (HAV)

DNA

RNA

Yes

Yes

~ 120nm

50-110
nm

Medium

Low

Herpes simplex virus (HSV)

Pseudorabies virus (PRV)

Murine leukemia virus (MuLV)

Xenotropic murine leukemia virus (XMuLV)

* Enveloped refers to a lipid bilayer surrounding the virus capsid
** Heat. high/low pH. solvents. detergents (e.g.•Triton X-IOO)
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7.3. Calculation of Virus Reduction Factors

193

For each purification process step. a virus reduction factor can be calculated. which
is defined as the 10gIO of the ratio of the virus load (i.e., titer x volume) in the pre
purification material and that in the post-purification material. Some typical virus
reduction factors expected by the FDA include/":

Low pH treatment (pH 3.9)

Heat

Nanofiltration (15-40 nm pore size)

3 - 4 loglo inactivation

- 4 logloinactivation

4 - 8 10gIO removal

All purification process steps do not need to be tested, but it is required that at least one
virus inactivation step and one virus removal step be tested.

An overall virus reduction factor is calculated from the sum of the individual 10gIO
reduction factors. This value represents the 10gIO ratio of the virus load at the beginning
of the purification process and at the end of the purification process. To prevent an
overestimation of the overall virus clearance by the purification process, repetition of
identical or near identica! virus clearance mechanisms can not be included in the overall
virus reduction factor. For example, the total viral clearance from the use of a Protein A
affinity chromatography step is the sum of virus removal due to lack of binding by the
virus to the resin plus the virus inactivation due to contact of the virus with the low pH
buffers used on the column . If it was desired to add the viral clearance results from a
subsequent low pH treatment step further down the purification process to the overall
virus reduction factor, the contribution of the low pH buffers to the virus inactivation on
the Protein A column would need to be factored out. Also, only individual virus
reduction factors greater than 1 can be counted in the overall virus reduction
calculation."

An example of a viral clearance study for a commercial purification process is
presented in Table 50.
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Table 50. Viral clearance results from the purification process for recombinant
human coagulation Factor VIla (NovoSeven~109

Murine Reovirus Infectious bovine Bovine Simian virus
Virus Tested leukemia virus type 3 rhinotracheitis enterovirus 40 (SV40)

(MuLV) (Reo-3) virus (IBR) (BEV)

Virus Type RNA RNA DNA RNA DNA
env non-env env non-env non-env

Purification Step

Chromatography 4.7 7.6 4.5 4.8 3.6
Step 1

Chromatography >6.1 Not tested >4.7 0.4 Not tested
Step 2

Chromatography 2.4 5.9 5.0 3.4 2.8
Step 3

Detergent >6.3 >9.3 2.9 > 8.0 > 3.0
Treatment

Overall \'1.:"'lS ... !9.5 > 22.8 > \7 .\ > \6 .2 > 9.~

Reduction Value

Many variables affecting viral clearance are well understood, but the actual virus
reduction factors obtained by a manufacturer are influenced by the virus strain selected,
the variability of the assay procedures performed and the nature of the product itself
being purified. For example, the pH inactivation of murine leukemia virus (MuLV)
ranged from 1.7 to 7.0 loglO reduction values at pH 3.7, and ranged from 4.1 to 7.1 at pH
<3.0, for different products tested by different manufacturers. MuLV in protein solution
at the same pH was either completely inactivated by 60 minutes, or by 120 minutes , or
even greater than 120 minutes, depending upon the manufacturer who performed the
test.'!" It is for this reason that caution needs to be exercised in trying to predict virus
clearance factors from published reports. However, generic and modular virus clearance
studies that could be used to predict virus clearance within a manufacturer's range of
their own products are being pursued as a means of ultimately saving considerable time
and cost. The FDA has indicated a willingness to evaluate these approaches.i"
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The end result of the viral clearance studies is for the manufacturer to be able to
estimate the risk of virus particles in doses of product administered. From the calculated
overall virus reduction factor of the relevant and/or specific model virus(es), the viral
safety calculation is calculated. Table 51 presents the calculation . In the example
provided, less than one virus particle per million doses of product would be expected .
This viral safety calculation needs to be performed only on the relevant and/or specific
model virus(es).

Table 51. Example of the calculation of estimated virus particles per dose

Three values are needed for this calculation:

1. Measured or estimated concentration of virus in product ion harvest

Typically, retrovirus particles are quantitated using transmission electron microscopy (for
this calculation we will use 108 particles/mL)

2. Calculated overall viral clearance factor

Typically, the specific model virus is chosen for the calculation (for this calculation we
will use>1017 10glO)

3. Volume of production harvest needed to purify and make a dose of product (for this calculation
we will use 1000 mUdose)

The calculation of the estimated virus particles per dose is as follows:

(I) X (3) I (2) = < 106 particles per dose

What viral clearance safety factor are the regulatory agencies expecting to see?
According to the regulatory agencies, they have not officially set a safety factor number:

"These studies are not performed to evaluate a specific risk factor. Therefore , a
specific clearance value needs not to be achieved.,,69

However, the FDA expects that the purification process will be able to remove or
inactivate retroviruses in excess of the endogenous particle load."
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7.5. Worth All the Trouble and Cost?

Chapter 7

If there was one area where senior management questions the expenses, it is in the
cost of completing these viral clearance studies. Expenses readily exceeding hundreds of
thousands of dollars are common to complete the full panel of non-specific virus types .
However, these studies are not to assure that known viruses are cleared by the
purification process, but instead are performed to protect against putative viruses should
they ever be present. So it is reasonable to question if it is worth all of the expense and
resource commitments to complete these studies.

The recent virus scares impacting our blood supply answers the question. The West
Nile Virus (WNV) is a small (50 nm) lipid-enveloped RNA virus"; the causative afents
for the Severe Acute Respiratory Syndrome are also lipid-enveloped RNA viruses / ; the
live vaccinia virus in the smallpox vaccine is a lipid-enveloped DNA virus'!': while the
monkeypox virus is a virus related to vaccinia.l'? Because of the thorough viral clearance
studies carried out by the human plasma product manufacturers, the FDA was able to
assure the public that the plasma-derived components, some of which are used in
biopharmaceutical manufacturing, are not posing a risk to patients. The following is the
statement made concerning SARS:

"At this time, we believe SARS is unlikely to be transmitted thrc ugi- prcducts
manufactured from plasma. Lipid-enveloped RNA virustes), the putative
agent(s), should be readily removed and/or inactivated during manufacturing of
plasma derivates. Licensed plasma derivatives undergo intentional viral
clearance procedures that are validated to be effective against lipid-enveloped
RNA viruses . These procedures include: filtration , heating, acidification, and
detergent treatment."zs

The biopharmaceutical manufacturer can take some comfort in knowing that their
viral clearance studies do provide an extract layer of safety over their purification
process.

7.6. When Should the Viral Clearance Studies Be Performed?

It is clear that the full viral clearance studies must be completed for the BLAINDA
filing. The omission of data demonstrating the absence or removal of adventitious agents
is consider a CMC reason for refusal to file a BLAlNDA.31

But how much of this needs to be done at Phase 1 and the early stages of clinical
development? According to the FDA:

"Retrovirus clearance studies should be performed prior to Phase 1 trials ... .
Clearance studies for other viruses should be carried out prior to production for
Phase 2/3 trials and may need to be repeated if the final manufacturing process
has changed."z9
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For many biopharmaceutical processes, a single virus clearance study would be
sufficient. However, if the production system uses a novel host or a host that contains an
endogenous virus, this would not be sufficient. The FDA will place a biopharmaceutical
product on Phase lIND clinical hold if they feel that there is an inadequate
demonstration of viral clearance."

8. PURIFICATION CONTROLS FOR GENE THERAPY PROCESSES

The gene therapy biopharmaceuticals are DNA-based and not protein-based.
Therefore, rather than trying to purify DNA impurities away from the expressed protein,
the challenge of the purification process is to purify protein impurities away from the
expressed DNA. It is therefore no surprise that chromatographic purification of the DNA
plasmids and viral vectors is primarily with anion exchange chromatography (including
the membrane-based systems) .

While the purification processes for these products will be different , the same CMC
regulatory issues will apply (e.g., application of cGMPs, detection of adventitious agents,
validation of the purification process, etc.) . Process-related impurity removal needs to be
addressed (e.g., RNA, endotoxin, proteins, DNA isoforrns, antibiotics, etc.). Validation
of the purification process will need to be completed.

As these biopharmaceuticals move toward the later clin ical development stages,
expect to see more CMC regulatory guidance being provided for these purification
processes.

9. WHAT CAN GO WRONG

With all of the things that need to be properly controlled during purification of a
biopharmaceutical, companies in their haste can fail to meet the requirements expected
by the regulatory agencies . This usually results in inspectional issues when the FDA
arrives at the manufacturing facility. Table 52 presents some purification process control
deficiencies recorded by the FDA.

Table 52. Purification process deficiencies recorded by FDA inspectors1l3
, 114, 115

FDA Establishment Inspection Report lEIRl for MedImmune, Inc., March 1998

The Manufacturing and the Quality Unit approved commercial scale purifications based on scaled down viral
clearance studies for the columns . Their review did not identify differences in the operating parameters and
maximum protein load per unit resin between the scaled down column and the commercial manufacturing
columns . I expressed my concern that the Quality Unit reviewed and appro ved the batch records when. in fact.
some operating parameters and process buffers were not the same as what was used in the viral clearance
studies .
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I reviewed the cleaning validation for the equipment used to manufacture palivizumab. I noted that the cleaning
validation study included a hold time for used tanks prior to cleaning, however, in manufacturing, used tanks
may be held up for a longer period of time prior to cleaning. I asked Dr. Tsao why the maximum hold time
used in manufacturing was not included in the cleaning validation study. Dr. Tsao replied that over the time the
need to hold vessels longer increased , but they did not revalidate the hold time.

We recommend replacement of difficult to clean surfaces, such as hanging ceiling tiles and floor ledges, in the
cell culture and purification suites with hard smooth cleanable surfaces .

Filter extractable studies have not been performed for the filters used for the in-process palivizumab bulks and
buffers . These filters are not flushed to remove potential filter extractables prior to use.

FDA Warning Letter to IDEC Pharmaceuticals, November 1999

Please provide additional information that demonstrates that the implicated lots of product do not contain
elevated levels of endotoxin . Please note that we are aware that endotoxin removal has not been evaluated in
your purification process

We note that IDEC Pharmaceutical Corporation performs an LAL at process step - Cell Free Receiving Tank,
and reports the result as a 'Report Value.' Please explain the purpose of a 'Report Value' including how
Quality Assurance and Production managers use this information to assess product quality and purity. In
addition, please explain the benefit of collecting this information if atypical results (when compared to historical
data) are not investigated , i.e., an assessment of impact to product and other associated batches, identification of
the cause of the problem, and implementation of corrective acri.ms

------------- --_._._._.. . _..__...__...-
FDA Establishment Inspection Report (EIR) for Genentech, August 2000

For Pulmozyme, removal of retrovirus was submitted in the PLA. MVM removal and inactivation had been
submitted as an amendment to the PLA. For Rituxan, Herceptin and TNKase, I verified that similar studies had
been performed demonstrating clearance of at least one other virus besides retrovirus for each process/product,
and these studies were also performed as part of the column reuse validation . I discussed with Dr. Xu the
current ICH and PTC guidelines regarding viral clearance studies, and emphasized the fact that current
recommendation s suggest the use of 3 model viruses for each clearance study, and viral clearance studies are an
important component of column reuse validation . Dr. Xu voiced her opinion at having received different pieces
of advice when contacting the Agency regarding updating these types of studies . I made it clear to her and to
the attendees during the end-of-day discussion that regardless of what anyone might say or conflicting advice
one might receive, the PTC guidelines and ICH recommendations describe the minimum requirements .

There are no validation studies performed to demonstrate that in-process buffers and resin used in the rhuMAb
HER2 purification process is non reactive to 316L stainless steel columns (i.e., Column C 1130).

During the inspection, I stated I was concerned that manufacturing could repeat processing steps, change
agitation rates and times, and also use expired bulks and buffers that did not meet specifications, all of which

are failure to follow the batch record. In addition, I stated I was concerned at the lack of Quality oversight into
these events and that any review by Quality happens well after the event .

Equipment used to manufacture product is not constructed so that the product contact surfaces are non-reactive .
For example, during the Herceptin chromatography operations, discoloration of the resin and corrosions was
observed on the top head plate, column body and the bottom flow adapter.
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The purification process for a biopharmaceutical at an early clinical stage will be
basic and somewhat unpolished. The focus needs to be on ensuring safety for the product
to be purified , as indicated by Figure 12.

Figure 12. Minimum CMC continuum for a biopharmaceutical purification process

Facility and
Process FUlly
Validated and
Ready for Pre-

Approval
Inspection

Pre-clinical- Phase 1 •

Phase 2 •

Clinical Development

While the list in the Figure will vary with the type of biopharmaceutical being
purified, the recombinant host used in the production system, the complexity of the
facility operations, and even the person drawing up the list, each of the activities selected
should be related to ensuring that the expressed biopharmaceutical is safe for the patient.

The list of CMC 'must haves' increases as the clinical development moves into
Phase 2 and Phase 3. The focus now needs to include purification process control and
robustness. Critical purification parameters need to be identified , operating ranges set,
viral clearance studies completed, and the process determined to be robust enough to
tolerate the manufacturing environment and produce marketable product.

By time of the BLAINDA filing, all CMC regulatory compliance issues related to the
purification process are to be completed.
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I reviewed the cleaning validation for the equipment used to manufacture palivizumab. I noted that the cleaning
validation study included a hold time for used tanks prior to cleaning, however , in manufacturin g, used tanks
may be held up for a longer period of time prior to cleaning. I asked Dr. Tsao why the maximum hold time
used in manufacturing was not included in the cleaning validation study. Dr. Tsao replied that over the time the
need to hold vessels longer increased , but they did not revalidate the hold time.

We recommend replacement of difficult to clean surfaces, such as hanging ceiling tiles and floor ledges, in the
cell culture and purification suites with hard smooth cleanable surfaces .

Filter extractable studies have not been performed for the filters used for the in-process palivizumab bulks and
buffers . These filters are not flushed to remove potential filter extractables prior to use.

FDA Warning Letter to IDEC Phannaceuticals, November 1999

Please provide additional information that demonstrates that the implicated lots of product do not contain
elevated levels of endotoxin. Please note that we are aware that endotoxin removal has not been evaluated in
your purification process

We note that IDEC Pharmaceutical Corporation performs an LAL at process step - Cell Free Receiving Tank ,
and reports the result as a 'Report Value .' Please explain the purpose of a 'Report Value ' including how
Quality Assurance and Production managers use this information to assess product quality and purity. In
addition, please explain the benefit of collecting this information if atypical results (when compared to historical
data) are not investigated, i.e., an assessment of impact to product and other associated batches, identification of
the cause of the problem, and implementation of corrective actions.

_..,--'---'--'- "- ._ - - - - -
FDA Establishment Inspection Report (EIR) for Genentech, August 2000

For Pulmozyme, removal of retrovirus was submitted in the PLA. MVM removal and inactivation had been
submitted as an amendment to the PLA. For Rituxan, Herceptin and TNKase , I verified that similar studies had
been performed demonstrating clearance of at .least one other virus besides retrovirus for each process/product,
and these studies were also performed as part of the column reuse validation . I discussed with Dr. Xu the
current ICH and PTC guidelines regarding viral clearance studies, and emphasized the fact that current
recommendations suggest the use of 3 model viruses for each clearance study, and viral clearance studies are an
important component of column reuse validation . Dr. Xu voiced her opinion at having received different pieces
of advice when contacting the Agency regarding updating these types of studies . I made it clear to her and to
the attendees during the end-of-day discussion that regardless of what anyone might say or conflicting advice
one might receive, the PTC guidelines and ICH recommendations describe the minimum requirements.

There are no validation studies performed to demonstrate that in-process buffers and resin used in the rhuMAb
HER2 purification process is non reactive to 316L stainless steel columns (i.e., Column CI130).

During the inspection , I stated I was concerned that manufacturing could repeat processing steps, change
agitation rates and times, and also use expired bulks and buffers that did not meet specifications, all of which

are failure to follow the batch record. In addit ion, I stated I was concerned at the lack of Quality oversight into
these events and that any review by Quality happens well after the event.

Equipment used to manufacture product is not constructed so that the product contact surfaces are non-reactive.
For example, during the Herceptin chromatography operations, discoloration of the resin and corrosions was
observed on the top head plate, column body and the bottom flow adapter .




