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ABSTRACT

It has always been known that facilities and processes involved in pharmaceutical production
impact significantly on the quality of the products. The processes include raw material and
equipment inspections as well as in-process controls. Process controls are mandatory in good
manufacturing practice (GMP). The purpose is to monitor the on-line and off-line performance
of the manufacturing process, and hence, validate it. Thus validation is an integral part of
quality assurance. This overview examines the need for pharmaceutical validation, the various
approaches and steps involved, and other pertinent considerations.
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INTRODUCTION

The development of a drug product is a lengthy @ssdnvolving drug discovery, laboratory
testing, animal studies, clinical trials and re¢utg registration. To further enhance the
effectiveness and safety of the drug product a&pgroval, many regulatory agencies such as the
United States Food and Drug Administration (FDAgcatequire that the drug product be tested
for its identity, strength, quality, purity and Isiigy before it can be released for use. For this
reason, pharmaceutical validation and process agrdare important in spite of the problems that
may be encountered [1]. Process controls includematerials inspection, in-process controls
and targets for final product. The purpose is toitoo the on-line and off-line performance of
the manufacturing process and then validate itnE&feer the manufacturing process is validated,
current good manufacturing practice also requiteg & well-written procedure for process
controls is established to monitor its performajje

This paper provides an overview of pharmaceuticdidation and process controls in drug
development. The validation concept can be apphetew drugs, new dosage forms and generic
drug development.
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Essentials of Phar maceutical Validation

Validation is an integral part of quality assurgnicenvolves the systematic study of systems,
facilities and processes aimed at determining wdrethey perform their intended functions
adequately and consistently as specified. A vaddiaprocess is one which has been
demonstrated to provide a high degree of assurdratauniform batches will be produced that
meet the required specifications and has therdfes: formally approved. Validation in itself
does not improve processes but confirms that thegsses have been properly developed and
are under control [3]. Adequate validation is basief to the manufacturer in many ways [3]:

7
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It deepens the understanding of processes; desréfaseisk of preventing problems and
thus assures the smooth running of the psoces

It decreases the risk of defect costs.

It decreases the risk of regulatory noncompliance.

A fully validated process may require less in-pssceontrols and endproduct testing.
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Validation should thus be considered in the follogvsituations:

+ Totally new process

% New equipment

+ Process and equipment which have been alteredttohsunging priorities

s Process where the end-product test is poor anahable indicator of product quality.

When any new manufacturing formula or method ofparation is adopted, steps should be
taken to demonstrate its suitability for routin@gessing. The defined process should be shown
to yield a product consistent with the required liqgpaln this phase, the extent to which
deviations from chosen parameters can influencdymtoquality should also be evaluated. When
certain processes or products have been validatedgdthe development stage, it is not always
necessary to revalidate the whole process or ptofligimilar equipment is used or similar
products have been produced, provided that thé gireauct conforms to the in-process controls
and final product specification. There should belear distinction between in-process control
and validation. In production, tests are perforneagh time on a batch to batch basis using
specifications and methods devised during the dewveént phase. The objective is to monitor
the process continuously [4].

Major Phasesin Validation
The activities relating to validation studies maydbassified into three:

Phase 1: This is the Pre-validation Qualification Phase \haovers all activities relating to
product research and development, formulation foldth studies, scale-up studies, transfer of
technology to commercial scale batches, establiststability conditions and storage, and
handling of in-process and finished dosage formguipement qualification, installation
gualification, master production document, operalaualification and process capacity.

Phase 2: This is the Process Validation Phase. It is designeverify that all established limits
of the critical process parameter are valid and sla#isfactory products can be produced even
under the worst conditions.

Phase 3: Known as the Validation Maintenance Phase, it meguirequent review of all process
related documents, including validation of audipaes, to assure that there have been no
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changes, deviations, failures and modificationsh& production process and that all standard
operating procedures (SOPs), including change abptocedures, have been followed. At this
stage, the validation team comprising of individuatpresenting all major departments also
assures that there have been no changes/devidianshould have resulted in requalification

and revalidation [5]. A careful design and validatiof systems and process controls can
establish a high degree of confidence that all dwtbatches produced will meet their intended
specifications. It is assumed that throughout maetufing and control, operations are conducted
in accordance with the principle of good manufaotypractice (GMP) both in general and in

specific reference to sterile product manufacture.

The validation steps recommended in GMP guidelaa@sbe summarized as follows [5]:

% As a pre-requisite, all studies should be condudtediccordance with a detailed, pre-
established protocol or series of protocols, whithurn is subject to formal — change control
procedures.

¢ Both the personnel conducting the studies and thas@ng the process being studied should
be appropriately trained and qualified and be bietand competent to perform the task assigned
to them.

% All data generated during the course of studiesilshbe formally reviewed and certified as
evaluated against pre-determined criteria.

+ Suitable testing facilities, equipment, instrumearts methodology should be available.

+« Suitable clean room facilities should be availabie both the ‘local’ and background
environment. There should be assurance that tla@ cteom environment as specified is secured
through initial commissioning (qualification) andbsequently through the implementation of a
programme of re-testing—in-process equipment shdaddproperly installed, qualified and
maintained.

«» When appropriate attention has been paid to the/egbihe process, if aseptic, may be
validated by means of “process simulation” studies.

% The process should be revalidated at intervals.

s Comprehensive documentation should be availablgefme support and record the overall
validation process.

Protocols should specify the following in detail[6]
+» The objective and scope of study.
+ There should already be a definition of purpose.

+ A clear and precise definition of process equipnsystem or subsystem, which is to be the
subject of study with details of performance cheaastics.

 Installation and qualification requirement for negquipment.
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% Any upgrading requirement for existing equipmenthwustification for the change(s) and
statement of qualification requirement.

+ Detailed stepwise statement of actions to be tak@erforming the study (or studies).
+ Assignment of responsibility for performing thedyu

+ Statement on all test methodology to be employeth \ai precise statement of the test
equipment and/or materials to be used.

% Test equipment calibration requirements.

All personnel involved in conducting the studiesowd be properly trained and qualified
because they can, and often, have a crucial effacthe quality of the endproduct. All
information or data generated as a result of thdysprotocol should be evaluated by qualified
individuals against protocol criteria and judgednaseting or failing the requirements. Written
evidence supporting the evaluation and conclushayulsl be available. If such an evaluation
shows that protocol criteria have not been metsthdy should be considered as having failed to
demonstrate acceptability and the reasons shoulaviestigated and documented. Any failure to
follow the procedure as laid down in the protocolsin be considered as potentially
compromising the validity of the study itself arejuires critical evaluation of all the impact on
the study. The final certification of the validatistudy should specify the pre-determined
acceptance criteria against which success or évas evaluated [5].

Validation of Analytical Assaysand Test Methods

Method validation confirms that the analytical pgpdare employed for a specific test is suitable
for its intended use. The validation of an analftimethod is the process by which it is
established by laboratory studies that the perfaomacharacteristics of the method meet the
requirement for the intended application. This el that validity of a method can be
demonstrated only though laboratory studies [7]tHdds should be validated or revalidated [8,
9

+ Before their introduction and routine use;

+» Whenever the conditions change for which the methasl been validated, e.g., instrument
with different characteristics.

+» Wherever the method is changed and the changesgleuhe original scope of the method.

Strategy for Validation of Methods

The validity of a specific method should be demiaistl in laboratory experiments using
samples or standards that are similar to the unknsamples analyzed in the routine. The
preparation and execution should follow a validagootocol preferably written in a step-by-step
instruction format as follows [10]:

% Develop a validation protocol or operating procediar the validation.
+ Define the application purpose and scope of thdatkt

s Define the performance parameters and acceptaitegar

% Define validation experiments.

% Verify relevant performance characteristics of ég@ipment.

+ Select quality materials, e.g., standards and reage
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Perform pre-validation experiments.

Adjust method parameters and/or acceptance ctiieriacessary.

Perform full internal (and external) validation eximents.

Develop SOPs for executing the method routinely.

% Define criteria for revalidation.

+ Define type and frequency of system suitabilitygesnd/or analytical quality control (AQC)
checks for the routine.

+« Document validation experiments and results invédalation report.

>

*,

*

>

*,

%

R
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Environmental Considerations: Cleaning and Clean Room Standards
Cleaning validation is documented proof that one @ansistently and effectively clean a system
or equipment items. The procedure is necessampéofollowing reasons [11, 12]:

% It is a customer requirement — it ensures the pafied purity of the product.

+« ltis aregulatory requirement in active pharmaicaliproduct manufacture.

% It also assures from an internal control and coamgke point of view the quality of the
process.

The FDA guide to inspections [13] intended to coequipment cleaning (chemical residues
only) expects firms to have written procedure (SQftailing the cleaning processes and also
written general procedure on how cleaning processksbe validated. FDA expects a final
validation report which is approved by managemedt\ahich states whether or not the cleaning
process is valid. The data should support a comeiuthat residues have been reduced to an
“acceptable level” [14]. Harder [14] cited five crial elements:

1. A standard operating procedure (SOP) for cleawitth a checklist.

2. A procedure for determining cleanliness (rinsewaab).

3. An assay for testing residual drug levels.

4. Pre-set criteria for testing chemical and miablimit to which to equipment must be
cleaned.

5. Protocol for cleaning validation.

Harder [14] recommended that the procedure beddste requiring it to be successful on three
successive cleanings and there should be peri@dalidation as well as revalidation after

significant changes. Jenkins and Vanderwielen fit&$ented an overview of cleaning validation
covering strategy and determination of residuetipmethod of sampling and analysis noting
that “increased use of multi-purpose equipment” pesduced increased interest in cleaning
validation. The cleaning protocol must be thoroagd must be checked. Training is essential. A
validation program requires:

+¢ Criteria for acceptance after cleaning

% Appropriate methods of sampling

+« A maximum limit set for residues

% Test methods that must themselves be tested.

Products to be tested may be put into groups raftaer testing all of them [16]. Equipment may
also be tested in groups.
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Process Validation

Process validation is the means of ensuring andigiry documentary evidence that processes
(within their specified design parameters) are bbpaf repeatedly and reliably producing a
finished product of the required quality [5]. It wid normally be expected that process
validation be completed prior to the release of timshed product for sale (prospective
validation). Where this is not possible, it mayr®zessary to validate processes during routine
production (concurrent validation). Processes, twihiave been in use for some time without any
significant changes, may also be validated accgrd an approved protocol (retrospective
validation) [10-17].

Pre-requisitesfor Process Validation

Before process validation can be started, manuiagtiilequipment and control instruments as
well as the formulation must be qualified. The mf@tion on a pharmaceutical product should
be studied in detail and qualified at the developimstage, i.e., before an application for
marketing authorization is submitted. This involvesidies on the compatibility of active
ingredients and recipients, and of final drug paidand packaging materials, stability studies,
etc. Other aspects of manufacture must be validateldding critical services (water, air,
nitrogen, power supply, etc.) and supporting opemat such as equipment cleaning and
sanitation of premises. Proper training and matwatof personnel are prerequisites to
successful validation [18-20].

The Phar maceutical Process Equipment

The key idea of validation is to provide a highdeef documented evidence that the equipment
and the process conform to a written standard.l@Ve (or depth) is dictated by the complexity
of the system or equipment. The validation packagst provide the necessary information and
test procedures required to provide that the sysiednprocess meet specified requirements [21].
Validation of pharmaceutical process equipment lve®the following [10]:

Installation Qualification: This ensures that all major processing and paclaggpipment, and
ancillary systems are in conformity with instalati specification, equipment manuals
schematics and engineering drawing. It verifiest tthee equipment has been installed in
accordance with manufacturers recommendation inr@ep manner and placed in an
environment suitable for its intended purpose.

Operational Qualification: This is done to provide a high degree of assurahe¢ the
equipment functions as intended. Operational guatibn should be conducted in two stages:

Component Operational Qualification, of which calibration can be considered a large. pa

System Operational Qualification to determine if the entireystem operates as an integrated
whole.

Process Performance Qualification: This verifies that thesystem is repeatable and is
consistently producing a quality product [14].

At various stages in a validation exercise there meeds for protocols, documentation,
procedures, specifications and acceptance criterigest results. All these need to be reviewed,
checked and authorized. It would be expected tearesentatives from the professional
disciplines, e.g., engineering, research and dewstmt, manufacturing, quality control and
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guality assurance are actively involved in thesdeutakings with the final authorization given
by a validation team or the quality assurance mspr&tive [22].

Approachesto Validation Process

There are two basic approaches to the validatidheoprocess itself (apart from the qualification
of equipment used in production, the calibrationcohtrol and measurement instruments, the
evaluation of environmental factors, etc). Thesethe experimental approach and the approach
based on the analysis of historical data. The éxm@atal approach, which is applicable to both
prospective and concurrent validation, may invgR&.

Extensive product testing,

Simulation process trials,

% Challenge/worst case trials, and

Control of process parameters (mostly physical).

7 o
R X IR X4

L X4

One of the most practical forms of process valatgtmainly for non-sterile products, is the final
testing of the product to the extent greater theat tequired in routine quality control. It may
involve extensive sampling, far beyond that callldt in routine quality control and
specifications, and often for certain parameteiy.orhus, for instance, several hundred tablets
per batch may be weighed to determine unit doséoumity. The results are then treated
statistically to verify the normality of the didittion and to determine the standard deviation
from the average weight. Confidence limits for indual results and for batch homogeneity are
also estimated. Strong assurance is provided #mples taken at random will meet regulatory
requirements if the confidence limits are withimgmendial specifications [24].

Expert Evaluation

This is an evaluation of the entire study agaihstgrotocol requirements as outlined above. It
should be prepared and the conclusion drawn at €age stated. The final conclusions should

reflect whether the protocol requirements were mle¢ evaluation should include an assessment
of the planned calibration and maintenance prograsnfar the equipment and Instrumentation

to maintain the validated conditions. In additiail,process monitoring and control procedures

required to routinely ensure that the validatedd@tions are maintained should be reported. The
evaluation should be signed by authorized officérthe organization who were members of the

team establishing the protocol and who have ap@tgpexpertise in the area assigned to them.
Overall approval of the study should be authoribgdhe head of the validation team and the

head of the quality control department [21].

The Validation Report

A written report should be available after compgletof the validation. If found acceptable, it
should be approved and authorized (signed and Ydaféeé report should include at least the
following [4]:

s Title and objective of study
+ Reference to protocol
% Details of material

< Equipment

% Programmes and cycles used

% Details of procedures and test methods

% Results (compared with acceptance criteria)

+ Recommendations on the limit and criteria to bdiegmn future basis.
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CONCLUSION

It is necessary, before approval of a new drug, @maaccurate and reliable assessment for its
effectiveness and safety for the intended indicadind target patient population is demonstrated.
Pharmaceutical validation which includes assaydadilon, cleaning validation, equipment
validation as well as the overall process validai®crucial in stability analysis, animal studies
and early phases of clinical development such @aviailability/bioequivalence studies. After the
drug is approved, pharmaceutical validation andgse control are necessary to ensure that the
drug product will meet/set pharmaceutical standdadsidentity, strength, quality, purity,
stability, evaluation safety and efficacy.

In general, pharmaceutical validation and procesdrol provide a certain assurance of batch
uniformity and integrity of the product manufactdire
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