Process Validation

This article
reviews the
necessary
components to
successfully
validate a given
process designed
to produce a
therapeutic
agent. An
overview
provides the
possible issues
associated with
process
validation.

An Overview of Process

Validation (PV)

by Gamal Amer, PhD

onducting process validation is not only
C a regulatory requirement,' but also

makes a great deal of sense from an
engineering as well as a business point of view,
It is evident that pharmaceutical companies
that are well versed in conducting process vali-
dation have a competitive advantage over those
who are not. Although validating a process is
not a difficult matter, it requires keeping track
of many issues and ensuring that they all come
together at the appropriate time in order to
make the process validation effort successful.
In addition, keep in mind that in order to con-
duct a successful validation a tremendous
amount of preparatory work has to be per-
formed a-priori. This article presents a general
overview, which outlines the issues to be ad-
dressed to successfully complete the validation
of a given process and to ensure that the entire
effort comes together properly.

The most eritical requirement in process
validation, a view shared by many if not all of
the professionals in the field, is common sense,
In other words, validation professionals, who
are working on validating a given process, need
to think logically about the issues that arise and
make decisions based upon good logical dedue-
tions and sound scientific reasoning.® Such a
competency is normally inherent in a person
and may not be easy to teach, However, time
and experience do enhance such capability.

In order to make the discusszion easier to
follow, it is important to keep in mind a typical
process for manufacturing the bulk ingredient,
finishing the drug, and packaging the final
product. In the manufacture of Active Pharma-
ceutical Ingredients (APIs) one method is
through chemical synthesis. First, the raw ma-
terials are weighed and the active ingredient is
synthesized either through chemical reaction
or fermentation process, The resulting mix is
then purified and normally put into a solid form
either through crystallization or if amorphous,
through drying. The bulk active ingredient is
then finished through mixing with excipients,
sterile filtered/autoclaved if final form is an
injectable or alternatively granulated and
pressed into tablets or encapsulated if a solid
dose product is being manufactured, Finally,
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the produet iz packaged into a suitable con-
tainer.

The second component of such a manufactur-
ing process is the facility or building that houses
the entire process. The building has utilities,
which service the process itself, protect the
process/product, and service the building, Steam
may be used to heat the reactors, Heating Ven-
tilation and Air Conditioning (HVAC) systems
are used to maintain the cleanliness of the
production space and also prevent cross con-
tamination, and electricity, besides driving the
motors for the agitators, is used to light the
various areas within the building. Always re-
member that the facility and the utilities are an
integral part of the process and hence should he
comeidered during process validation.

The Objectives of
Process Validation (PV)
Process validation should be conducted with the
following objectives in mind:

1. ensure drug product quality

2. ensure the consistency of the manufacturing
operation and reproducibility of the process

4. demonstrate the robustness of the process

4. ensure the existence of all necessary quality
assurance systems within the organization

5. ensure that personnel producing the drug
product are properly trained and qualified to
produce the product

These assurances should be documented and
substantiated through conducting the appro-
priate tests and collecting the appropriate in-
formation,

What is Needed for Successful
Process Validation
In addition to all the aspects required to com-
plete the validation effort itself, an organiza-
tion seeking to successfully perform process
validation should make certain that the follow-

ing items are in place:
Continued on page 64
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a. a comprehensive training program for all parties involved e. an instrument calibration program
in the manufacture of the drug - this training should not be f. a preventative maintenance program
limited to operational training, but it also should include g. a comprehensive cleaning program
GMP training.® h. a supplier audit program.
b. validation protocols i. established process monitoring and environmental moni-
¢. detailed operating procedures and manufacturing proce- toring programs ;
dures (batch sheets)
d. the eritical GMP programs Personnel Training
1. a change control program?® A very important aspect of process validation, and probably
2. an Out Of Specification investigation procedure’ the most overlooked component in GMP compliance, is person-
3. process deviation reporting and investigation program nel training. How can personnel be expected to perform their
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duties associated with the validation effort and eventually the
manufacturing operation competently without proper train-
ing? The regulations require that all personnel involved in the
manufacturing, processing, packaging, or holding of drug prod-
ucts be qualified and properly trained.

Such training, when completed, should be confirmed through
appropriate measuring of training effectiveness. In other words,
the organization must be satisfied that the person who was
Just trained has retained the important aspects of the training
and is capable of remembering and applying the material
when needed.

Why is a Protocol Needed?

A validation protocol is a must have document. It is required
by the regulation. It not only serves as a step-by-step set of
instruetions to conduct a successful validation, but it is also a
place where the data obtained can be documented and ana-
lyzed. It represents the document that proves validation was
conducted. It should be developed after careful thinking and
while taking the technical knowledge of the organization into
eonsideration. Prior to executing the protocol, it should be
reviewed and approved by the appropriate stakeholders,

The Importance of Having Detailed Procedures
Sinee by definition when validation of a process represents
validating the procedure by which the process is conducted/
operated, you must have detailed and very focused procedures/
batch sheets. These procedures must define each step to be
taken by the operator and the conditions at which the step is
to be performed. The industry standard for such documents is

known as batch sheets and always contain a space for the
operator to include all caleulations performed and initials
indicating that a certain step or a certain calculation was
indeed performed.

It is also very eritical to have an estahlished procedure for
calibrating critical instruments associated with the operation
of process and utility equipment. In addition, having preven-
tative maintenance procedures for all the critical equipment is
an integral part of any process validation as well as GMP
compliance program. The existence of such procedures ensures
that all equipment is not only operated in a consistent manner,
but that it is also well maintained and all the instruments
which are used to control their operation and may be used to
make processing decisions, are calibrated and present aceu-
rate readings at any given time.

Critical GMP Programs

As indicated above, an erganization should have in place
several GMP programs to ensure that the bounds of the
validation effort are well defined and to know how it would
proceed should any issue assotiated with the process exceed
the bounds. The following are the three most critical GMP
programs which should be in place prior to beginning the
process validation effort:

Change Control Program

It is important to ensure that the processes to be validated are
well defined. Onee a given process is established and con-
ducted in a certain manner during the validation, it is impor-
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tant to keep the operation in the same state as it was when it
was validated. Should changes to the operation be contem-
plated, such changes should be studied through a change
control program to ensure that whatever actions are necessary
to ensure that the systems remain in a validated state and in
compliance with GMP requirements, are identified and per-
formed.*

Out of Specification (OOS) Investigation

When collecting data, either during the validation or once the
validation effort is complete, it is important to ensure that the
data fall within the expected specifications. The regulation
requires the industry to carefully investigate all 008 results.
The FDA issued a draft guide to the industry in 19987 outlining
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Figure 2, Solid dosage finshing process - sampling locations and example tests.
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what steps need to be taken when investigating and resolving
issues associated with results that did not meet specifications,

Process Deviation Reporting and Investigation System
When manufacturing therapeutic products, care must be taken
to ensure that the operation/process runs in a predictable
fashion at all times. It is assumed that when the validation was
conducted, the predictable fashion by which the process is to
run was established. Therefore, as part of the effort to validate
a process, you should have a procedure that would allow you to
investigate any observed deviation from the predictable way
the process is expected to run and ensure that any such
deviations would not result in the manufacture of an adulter-

ated drug.

The Importance of Supplier Audits’

To ensure that an operation, once validated, will remain in a
validated state, an organization also should conduct audits of
all their suppliers of critical materials and supplies as well as
equipment. Such audits should concentrate on ensuring that
these suppliers have established quality assurance systems
within their operation and that they can deliver the critical
supply (whether lab supplies, raw materials, process equip-
ment, spare parts, computer software, or analytical services)
at a consistently high and predictable guality,

Equipment Cleaning Procedures
and Cleaning Validation
In order to successfully validate a process, you also ghould
ensure that the appropriate cleaning procedures for the vari-
ous pieces of equipment have been developed and are vali-

Process Validation

dated. Additionally, in many cases, cleaning of the facility as
well as validation of such cleaning is critical to ensure that
cross contamination is kept to a minimum. In cases where a
process may be affected by biological contamination, sanitiza-
tion procedures and validation of such should be developed a-
priori and also validated prior to validating the entire process.
Methods for cleaning and sanitizing equipment and facilities
are usually developed during the research and development
phase and this information should be utilized in the cleaning
and sanitization effort. An excellent reference on how to
develop an effective cleaning program and validate it can be
found in W. Hall's article.®

Defining the Acceptance Criteria for
Qualification/Validation Protocols

When validating/qualifying a piece of equipment, a sub-pro-
cess, or the entire process, an appropriate protocol should be
used. Such a protocol outlines the plan and procedure by which
the validation/qualification will be conducted, lists objective
test parameters, product and process characteristies, prede-
termined specifications, and factors which will determine
acceptable results (in other words acceptance criteria for the
data to be obtained).

Defining such acceptance criteria can be based upon one or
more of the following approaches:

a. the vendor's specifications for a specific piece of equipment
or & combination of equipment

b. the engineering design, which presumably has been devel-
oped by competent engineers Contintied on page 8.
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The standard approach is to validate the APl process beginning
at the point where the structure of the active ingredient
or a significant chemical moiety of the active ingredient becomes evident.

e, product/intermediate characteristics

d. a specific requirement for the result obtained from the
system (e.g. in mixing it could be homogeneity)

e. GMP or other regulatory requirements

f. your regulatory applications (e.g. New Drug Application or
NDA)

WValidating a process within the regulatory criteria is the
appropriate way to ensure that the information provided to the
FDA within which the process is claimed to be consistent is
demonstrated. Should the process, after it has been validated,
deviate from the validated range for any reason, then such a
deviation should be thoroughly investigated prior to making a
decision on whether or not to release the product.

Where Within the Process
Does Validation Begin?

The standard approach is to validate the APl process begin-
ning at the point where the structure of the active ingredient
or a significant chemical moiety of the active ingredient be-
comes evident, Other issues which may come into play when
defining the starting point is whether or not additional syn-
thetic steps are expected and whether or not additional puri-
fication steps are to be conducted.

In the finishing operation and packaging, this represents
the final product and hence the entire process should be
validated.

What are the Prerequisites?

Before the validation effort as defined in this overview is
conducted, an organization has to do a tremendous amount of
preparatory work, This work includes, but is not limited to,
collecting all pertinent information, establishing document
formats, and developing the procedures to develop and execute
all the validation documents. This will ensure that all instru-
ments, intrinsic to the equipment as well as the instruments
which will be used in the validation, are properly calibrated,
and establish the appropriate document storage and retrieval
system.

However, an organization has to have the following items in
place prior to the start of the validation effort:

a. successful equipment commissioning and troubleshooting

b. have a plan by developing a Validation Master Plan
(VMP) which outlines how it will be done' - such a plan
should outline the process and the facility, the systems to be
addressed as part of the validation effort, and the qualifica-
tion requirements for such systems. The plan also should
identify how to validate the process eventually and what the
acceptance criteria might be,
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c. GMP systems in place (e.g. Change Control program, Out
Of Specification (00S), training programs, Standard
Operating Procedures (SOPs) for performing the operation
and the required maintenance, ete.)

d. all interested parties are involved in the effort (e.g. Quality
Control, Quality Assurance, Operations/Manufacturing
group, Engineering, Validation, and do not forget the Regu-
latory Affairs group if appropriate)

e. the quality unit is involved in developing and approving all
aspects of the initial documentation for the process valida-
tion effort

The Seven Steps to Validating the Process
The following is an outline of seven general steps and guide-
lines which, when carefully followed, will assist in validating
most pharmaceutical and APl manufacturing and packaging
processes, When implementing these steps, an organization
should make sure that the process does not fall under the
exceptions outlined later in this article (e.g. multi product
processes, pilot plants, ete.).

Step One

Prior to beginning the validation of the process itself, make
certain that the facility is suitable for manufacturing the
product of interest. In addition, make sure that all the critical
utilities, which may affect the quality, safety, and efficacy of
the product, are capable of performing reproducibly consis-
tently throughout validating these systems. In other words, an
organization should validate the processes that produce eriti-
cal utilities needed for the successful operation of the process,
guch as the water system, which will be used for the final wash
of the purified erystalline material or the HVAC system which
supplies the air in the sterile manufacturing suite.

Step Two

Onee an organization has validated the utilities and confirmed
the suitability of the manufacturing facility, it should qualify
the processing equipment to be used in the manufacture of the
pharmaceutical product. Qualifying implies that the various
pieces of equipment to be used are indeed the ones which were
specified by the design and are properly installed per manufac-
turer specifications and per the process requirements as deter-
mined by the design. In addition, qualifying a piece of equip-
ment also entails ensuring that the piece of equipment oper-
ates as specified by the manufacturer and the user/production
requirements. These two activities are known in the industry
as Installation Qualification (IQ) and Operation Qualifi-
cation (0Q).?

Both the first and second steps require the preparation of
the appropriate validation protocols. The use of formalized
validation/qualification protocols is also a regulatory require-
ment.! These protocols should define the operation or piece of
equipment to be qualified, its function within the process,

Continued on page 70,





















