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proteins and polypeptides. These proteins and polypeptides
are produced from recombinant or non-recombinant cell-
culture expression systems and can be characterized using
an appropriate set of analytical procedures. Selected princi-
ples outlined in this document may also apply to other
product types, such as proteins and polypeptides isolated
from tissues and body fluids. The intent is to provide clear
technical guidance for the development and design of a
process validation plan and provide a comprehensive over-
view of strategies that may be used to validate a manufac-
turing process or unit operation.

The strategies contained in this document primarily focus
on the validation of non-sterile, low bioburden, protein-
based drug substances. The guidelines do not cover val-
idation as it relates to reprocessing, reworking, aseptic
processing of drug products, Process Analytical Technol-
ogies (PAT), facilities, design qualification, stability,
cleaning, or shipping. These topics are either covered in
depth elsewhere or are in the early stages of definition.

The guidelines are not intended to establish mandatory
standards for process validation; they are intended to be a
single-source overview that complements existing guidance
documents listed in the reference section. For greater detail
on various topics throughout this technical report, refer-
ences to published documents are provided. It is always
advisable to consult with the appropriate regulatory author-
ity for agreement on the strategies employed for process
validation studies.

2 Definitions

Current FDA, ICH, and other regulatory definitions are used
except when more clarity is added by the Task Force. In
some instances two definitions used in current guidances are
provided where both are considered applicable. Regulatory
guidelines offer other definitions that may be considered.

Variations in the usage of some terms may differ from
company to company, and some may be subject to change
in the future. However, the terms used in a validation
program must be clearly defined and well understood
within the company and clearly defined in internal Stan-
dard Operating Procedures (SOPs), standards, and in
regulatory filings. For the purposes of this technical
report, the following definitions are used.

Action Limit: An internal (in-house) value used to assess
the consistency of the process. The cause of the excursion
should be investigated and documented and corrective
action is generally required. Action limits are not speci-

Acceptance Criteria: Numerical limits, ranges, or other
suitable measures for acceptance of test results. (2) Ex-
ceeding the acceptable range for a critical parameter
during subsequent validation studies may result in ques-
tionable product quality that would require initiation of
an investigation. Exceeding the operating range should
be documented and explained in the validation report and
evaluated for validation study impact.

Active Pharmaceutical Ingredient (API): See Drug
Substance.

Characterization Study: A late-stage study that evaluates
the process to increase process knowledge and examines
proposed operational ranges and their individual and/or
combined impact on target protein quality. (Synonyms:
evaluation studies, process justification studies, engineering
studies, development studies, robustness studies)

Conformance Lots: A pre-determined number of pro-
duction lots, typically three, that represent the licensed
process and are evaluated to demonstrate consistency.
(Synonyms: validation, consistency, demonstration, or
qualification lots).

Contaminant: Any adventitiously or externally intro-
duced material(s) (e.g., chemical, biochemical, or micro-
bial species) not intended to be part of the process. (3)

An undesired impurity of a chemical or microbiological
nature that is introduced into a raw material, intermedi-
ate, or API [drug substance] during manufacture. (4)

Documentation:
Development Reports: Documentation and descrip-
tion of work done during the early phases of develop-
ment. The goal is to document information about the
way the process works and to document why key
choices were made in selecting the specifics of the
process (e.g., flow rate or temperature). These docu-
ments can serve as a reference during investigations of
discrepancies and during the design of specific valida-
tion and characterization studies.
Process Characterization Report: A report that in-
cludes results from a study characterizing the perfor-
mance of a unit operation and/or operations conducted in
a process characterization study. The report describes
process characteristics, the operational parameters (e.g.,
critical, key, and non-key) and their acceptable ranges
(limits), and acceptance criteria for validation protocols.
Process Validation Master Plan: A document that de-

fines the process validation scope anDMsu ments
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contains the list of process validation studies to be per-
formed.

Process Validation Protocol: A written plan pre-ap-
proved by the quality unit that specifies critical steps,
controls, and measurements. The Process Validation Pro-
tocol states how validation will be conducted, identifying
sampling, assays, specific acceptance criteria, production
equipment, and operating ranges. Results obtained for
each study described in the protocol should be evaluated
in an associated process validation report.

Process Validation Report: A report approved by the
quality unit that summarizes specific tests performed,
compares the test results with the protocol acceptance
criteria, and addresses deviations encountered during
the study.

Drug Product: A pharmaceutical product that contains a
drug substance, generally in association with excipients. (5)

The dosage form in its final immediate packaging in-
tended for marketing. (6) (Synonyms: dosage form; fin-
ished product, medicinal product)

Drug Substance: The active ingredient that is subsequently
formulated with excipients to produce the drug product. It
can be composed of the desired product, product-related
substances, and product- and process-related impurities. It
may also contain excipients, including other components
such as buffers. (7) (Synonyms: bulk drug substance, bulk
material, active pharmaceutical ingredient (API))

Impurity: Any component present in the drug substance
or drug product that is not the desired product, a product-
related substance, or excipient. Impurities are to be dis-
tinguished from contaminants, which are defined above.

In-process Control: Checks performed during produc-
tion to monitor and, if appropriate, to adjust the process
and/or to ensure that the intermediate or API [drug sub-
stance] conforms to its specifications and/or other defined
quality criteria (e.g. limits for bioburden and endotoxin).
(8) (Synonym: process control)

Information-only Tests: Tests that provide data that are
collected without pre-established acceptance criteria to
further evaluate the process.

Installation Qualification (IQ): Documented verifica-
tion that the equipment or systems, as installed or mod-
ified, comply with the approved design, the manufactur-

Intermediate: A material produced during steps of the
processing of a drug substance that undergoes further
molecular change or purification before it becomes a drug
substance. (10)

Operational Qualification (OQ): Documented verifica-
tion that the equipment or systems, as installed or mod-
ified, perform as intended throughout the anticipated
operating ranges. (11)

Parameters:
Operational Parameter: An input variable or condition
of the manufacturing process that can be directly con-
trolled in the process. Typically, these parameters are
physical or chemical (e.g., temperature, process time,
column flow rate, column wash volume, reagent concen-
tration, or buffer pH). (Synonym: process parameter)
Critical Operational Parameter: An input process
parameter that should be controlled within a mean-
ingful, narrow operating range to ensure that drug
substance quality attributes meet their specifica-
tions. Although, parameters with wide operating
ranges may also impact product quality, they are
generally easily controlled and not as likely to result
in excursions that impact quality and are therefore
low risk. [For further discussion see Sub-section
3.3.6] (Synonym: critical process parameter (CPP))
Non-critical Operational Parameter: All input
process parameters that fall outside the definition for
critical operational parameter are non-critical. Non-
critical operational parameters are divided into key
and non-key operational parameters. [For further
explanation, see Sub-section 3.3.6]
Key Operational Parameter: An input process pa-
rameter that should be carefully controlled within a
narrow range and is essential for process perfor-
mance. A key operational parameter does not affect
critical product quality attributes. If the acceptable
range is exceeded it may affect the process (e.g.,
yield, duration) but not product quality. [For further
explanation, see Sub-section 3.3.6]
Non-key Operational Parameter: An input pro-
cess parameter that has been demonstrated to be
easily controlled or has a wide acceptable limit.
Non-key operational parameters may have an impact
on drug substance quality or process performance if
acceptable limits are exceeded. [For further expla-
nation, see Sub-section 3.3.6]
Performance Parameter: An output variable or out-

er’s recommendations, and/or user requirements. (9) come that cannot be directly C')nffolle(mﬂcihlim&nts
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that the process performed as expected. (Synonym: per-
formance attribute)

Performance Qualification (PQ): Documented verifica-
tion that the equipment and ancillary systems, as connected
together, can perform effectively and reproducibly based on
the approved process method and specifications. (12)

Process Validation: The documented evidence that the
process, operated within established parameters, can per-
form effectively and reproducibly to produce an interme-
diate or API [drug substance] meeting its predetermined
specifications and quality attributes. (13)
Concurrent Process Validation: Validation that oc-
curs during manufacturing of drug substance for
batches that can be released and used in a final drug
product for commercial distribution based on thorough
monitoring and heightened testing of the drug sub-
stance batches. (14)
Prospective Process Validation: Validation con-
ducted prior to the distribution of either a new product
or a product made under a revised manufacturing pro-
cess where the revisions may affect the product’s char-
acteristics. (15)
Retrospective Process Validation: Validation of an ex-
isting manufacturing process that occurs by reviewing
data from relevant historical and test production records.
Re-validation: Repeating partial or full validation of a
process after a process change is implemented. Re-vali-
dation is change-based, not time-based.

Qualified Assay: An assay that is not fully validated but is
documented to be suitable for its intended use, including
sample collection and handling procedures. Such an assay
should be demonstrated to be accurate, precise, linear within
the range of use, and show no interference from process
stream components (i.e., spike recovery). (16)

Specification: A list of tests, references to analytical
procedures, and appropriate acceptance criteria that are
numerical limits, ranges, or other criteria for the test
described. It establishes the set of criteria to which a
material should conform to be considered acceptable for
its intended use. (17)

Set Point: The target for an operational parameter. The
range around the set point is commonly stated in the

manufacturing procedures or batch records.

Unit Operation: A discrete step or manipulation in a

rameters are defined to achieve a specific process objec-
tive. (Synonym: process step)

Validation: A documented program that provides a high
degree of assurance that a specific process, method, or
system will consistently produce a result meeting pre-
determined acceptance criteria. (18)

3 Process Validation Prerequisites
3.1 Introduction

There are several aspects of cGMP and development that
should be completed prior to validation of the manufac-
turing process. Process validation requires that validated
assays, calibrated instruments, and qualified production
support systems are already established with documenta-
tion completed prior to execution of process validation
studies. Furthermore, the process should be fully devel-
oped, characterized and documented in a development
report. (19) These and other specific supporting activities
are briefly described in the following sub-sections. (20)

Fundamental to process validation is process knowledge
and full understanding of the equipment and technology to
be used in the process. The process must show consistency
and be well defined, controlled, and reproducible. Operational
(input) parameters and performance (output) parameters
should be identified, with appropriate operating limits or ac-
ceptance criteria defined for both parameters. Process char-
acterization studies performed during process development
and scale-up establish this process knowledge database.
Final written reports should include discussion, justification
or rationale, details of the study, resulting data, recommen-
dations, and cautions. These reports should be internally
approved and controlled. (21) Regulators may review de-
velopment documentation containing the justification for
operational parameter ranges. For full-scale conformance
lots, process validation usually focuses on process performance
at the set-point of each operating parameter range. Justifi-
cation of the operating range for each operation may not be
demonstrated during full-scale process validation; therefore,
the ranges should be justified during the development phase
using appropriate process characterization studies, which
for practical reasons are usually done at lab-scale.

Process validation studies that are performed at lab-scale
should be done with pre-approved protocols that contain
predetermined acceptance criteria and final validation re-
ports. For example, spiking studies may demonstrate impu-
rity removal that requires a scale-down model study because

manufacturing process where process and operating pa- they cannot be conducted at full, com ud[nents
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scaled-down model used in process characterization or val-
idation should be justified as being representative of the
full-scale unit operation; this may include demonstrating
that the resultant intermediate or drug substance is compa-
rable. Some differences in performance are unavoidable;
these are acceptable as long as they are understood and
considered when interpreting the results. (22)

Central to defining the process is a documented change
control program, which should be in place throughout
clinical product development. (23) Change control en-
sures that proposed changes are justified, examined, and
documented so that the process is not altered without a
thorough review and proper documentation. (24) Infor-
mation about changes during development may affect the
product application review process, as some clinical trials
may have been conducted with material made prior to a
change that took place during development. Change con-
trol should also be in place for equipment.

3.2 Planning

A successful validation program is one that is initiated early
in the product life cycle and is completed only when the
process or product reaches the end of its life cycle. The
foundation of a successful validation program begins with
implementation of a comprehensive corporate policy that
defines the organization’s expectations and commitment to
process validation principles. This policy should define the
corporation’s quality management philosophy, components
of validation, periodic review or re-qualification time-
frames, documentation requirements (including a validation
master plan), (25) validation protocols and reports, and
responsibilities of key stakeholders within the organization.

Successful process validation begins early in the devel-
opment phase of a product with acquisition of prelimi-
nary process data and knowledge. Although formal pro-
cess validation is not generally required in Phase 1, some
exceptions are made for product safety issues (e.g., viral
clearance validation for mammalian cell products). After
Phase 1 and the decision to continue product develop-
ment, efforts to develop a commercial process must en-
sure that the process meets all validation requirements.
During the commercial development phase, more de-
tailed process knowledge should be collected that de-
scribes critical and key operational parameters; normal,
maximum, and minimum operating ranges; performance
parameters with acceptance criteria where appropriate;
and product impurity profiles as a function of each indi-
vidual unit operation and the process as a whole. This
information, together with the history of the process,
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should be captured in a series of development reports
and/or process characterization reports. These documents
will serve as the repository of key development informa-
tion; they are critical to assembling subsequent process
validation plans and protocols, as well as providing an-
cillary process support during pre-approval inspections.

A multi-function process validation team should be assem-
bled prior to manufacture of conformance lots. The team
should minimally consist of members from validation, pro-
cess development, quality assurance, regulatory affairs,
manufacturing, and technical operations and/or engineering
departments. The team’s first assignment is to design and
assemble the validation master plan. This high-level docu-
ment is a blueprint for process validation activities and
describes the required content of the individual process
validation protocols (e.g., the need for test requirements and
acceptance criteria and the responsibilities of various groups
for protocol implementation). The validation master plan
also includes requirements for implementation of the indi-
vidual process validation protocols, including starting ma-
terial requirements, execution of consecutive conformance
lots, status of analytical methods (validated versus quali-
fied), and procedures for handling deviations and revisions.
Criteria for determining acceptance or failure of the valida-
tion program should also be defined.

Following assembly of the validation master plan, pro-
cess validation protocols should be written describing in
detail the procedures to be followed to produce docu-
mented evidence that the process has been validated. The
protocols must specify critical and key operational pa-
rameters and their respective ranges, acceptance criteria,
procedures required to perform the validation (including
the sampling plan), and responsibilities of various func-
tional team members participating in the validation.

3.3 Process Development

Process validation is an evolving process, where process
understanding is gradually built up during the development
phase and continues throughout the commercial phase of the
product’s life-cycle. Appendix 7.1 represents an idealized
process validation workflow and illustrates the essential
elements and activities leading up to formal process valida-
tion, as well as validation and post-validation activities.

3.3.1 Sequence of Activities Leading Up to Formal
Process Validation

Process validation is the culmination of a long series of
process development activities. While
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process development may not be to develop a fully val-
idated process, many of the activities integral to devel-
oping a robust, reliable process necessitate an awareness
that process validation may be an end goal. Some of the
activities that occur during development are listed below.
Many of these may remain constant throughout develop-
ment; however, others will change throughout the various
stages of scale up and process optimization. With each
incremental change, an overall awareness of the ability to
validate the process is of primary importance.

These activities include:

Molecule selection

Host cell system/cell line selection

Cell culture/fermentation process development

Harvest process development

Purification process development

Identification and development of all filtration sys-
tems

Formulation development and product presentation
Analytical method development
Pharmacokinetic/toxicology studies

Process scale up

Process characterization

Those activities that have a primary impact on process
validation are discussed below.

The following figure, Figure 3.3.1-1: Common Se-
quence of Process Validation Activities, depicts typical

The following sequence and activities are flexible and may vary from project to project.

Process Validation Activities

Perform Preliminary Clearance of Process Impurities

Initiate Virus Clearance Studies

Initiate Process Characterization Studies
(test limits)

Approve Process Validation Plan

Develop/Approve Process Validation Protocols

Conduct Additional Virus Clearance Studies

Execute Full Scale Validation

Execute Small Scale Validation Studies
(e.g., impurity clearance, hold times)

Develop Process Validation Summaries for Filing ———

Complete, Approve & Archive Process Validation Reports

Execute Concurrent Validation

Clinical Phases

Supporting Activities

Initiate Process & Assay Development

Initiate Preliminary Protein Characterization
——— Establish Preliminary Reference Standard
Initiate Clinical Manufacturing

Initiate Stability Studies

Submit IND Application

Conduct Continuing Process & Assay Development

2

—— Qualify or Validate Assays

Establish Protein Characterization

Establish Process Definition

Conduct Pivotal Clinical Trials

w

Manufacture Conformance Lots

Submit Regulatory License Application

Pass Pre-Approval Inspection

Obtain Regulatory Approval

Licensure

——— Conduct Commercial Manufacture & Distribution

Evaluate Operational Parameter Ranges ———

Figure 3.3.1-1
Common Sequence of Process Validation Activities
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process validation activities and their relationship to
other development activities.

3.3.2 Raw Materials

The beginning of a material qualification program should
be in place for raw materials that will be used for the
initial manufacturing. At a minimum, vendors should be
selected and specifications should be established, espe-
cially for non-compendial-grade materials. As the man-
ufacturing evolves through the clinical trials, a more
complete program should be defined, including systems
to qualify new materials or alternate vendors, defined
responses to material discrepancies, material stability,
vendor audit requirements, and supplier sustainability.
(26) A raw materials control program should be well
established prior to proceeding with process validation.

3.3.3 Process Description

The process description is part of a master document
such as the validation master plan and describes the
manufacturing process. It details each process step and
specifies the process operational and performance pa-
rameters associated with each step. The purpose of each
step (e.g., inducing expression, DNA reduction, or buffer
exchange) should be clearly stated so performance of
that step can be meaningfully evaluated. Flowcharts and
summary tables are helpful tools in this description to
supplement the text. Summary table examples are pro-
vided in Appendix 7.2: Process Description Example.

TABLE 3.3.4-1

3.3.4 Analytical Methods

Analyses of product and process stream characteristics
are an integral part of the process validation exercise.
Demonstrating an effective and reproducible process re-
lies on the availability of appropriate assays. The level of
assay qualification and validation increases as the prod-
uct proceeds through the clinical trials.

Process validation studies are designed to explore pro-
cess characteristics in more depth and detail than the
studies applied during routine drug substance manufac-
ture. Assays, additional to those used for normal in-
process monitoring and lot release testing, are often used
during the execution of process validation studies. As-
says should be chosen to demonstrate that each process
step (unit operation) is performing as designed.

In-process and lot release analytical methods that are used
during routine manufacturing of commercial product should
be validated prior to initiation of process validation studies.
Methods may need to be qualified for the sample matrix
being tested, as process validation usually entails non-rou-
tine sample matrices. These assays will always be per-
formed in a cGMP laboratory according to approved SOPs.
Some examples of these assays are provided in Table
3.3.4-1 (Note: this table is not meant to be all-inclusive and
does not cover product-specific assays). Detailed guidance
for the validation of analytical methods is contained in the
ICH Harmonized Tripartite Guideline “Validation of Ana-
lytical Procedures: Methodology”. (27)

Examples of In-process Test and Lot Release Assays Typically Requiring Validation

Assay Application
SDS PAGE* Identity, purity
Iso-electric focusing Identity
Carbohydrate analysis Identity
Peptide mapping Identity

Protein concentration (A280 absorbance, HPLC**)

Quantity (drug substance, drug product, and in-process
streams)

Biological activity assay (or potency assay)

Activity

Size exclusion chromatography

Purity (aggregated species)

Endotoxin Safety
Bioburden or sterility Safety
Mycoplasma Safety
In vitro adventitious virus testing Safety

* SDS PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis

** HPLC: high performance liquid chromatography
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