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PHARMACEUTICAL VALIDATION
AND PROCESS CONTROLS
IN DRUG DEVELOPMENT
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In drug development, pharmaceutical validation and process controls are important to
assure that the drug product can meet standards for the identity, strength, quality, purity,
and stability of the drug product. Pharmaceutical validation includes analytical method
validation and (manufacturing) process validation. A validated analytical method is often
employed for product testing at various critical stages of a manufacturing process to
evaluate whether the manufacturing process does what it purports to do. For a validated
manufacturing process, the current good manufacturing practice requires that a well-
written procedure for process controls be established to monitor the performance of the
manufacturing process. In this paper, statistical issues and regulatory requirements for
pharmaceutical validation and process controls in drug development are discussed. The
concept can be applied to new drugs, new dosage forms, and generic drug development.
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INTRODUCTION trols are important to assure that the drug
product at various stages of drug develop-

THE DEVELOPMENT OF A drug product
ment can meet standards for the identity,

is a lengthy process which involves drug dis-
strength, quality, purity, and stability of the

covery, laboratory testing, animal studies,
drug product. Note that the standards are usu-

clinical trials, and regulatory registration.
ally referred to as the standards specified in

This lengthy process is necessary to ensure
the United States Pharmacopeia and National

the effectiveness and safety of the drug prod-
Formulary (USP/NF) (1).

uct. After the drug is approved, most regula-
Pharmaceutical validation includes the

tory agencies such as the United States Food
validation of laboratory instruments such as

and Drug Administration (FDA) also require
gas chromatography (GC) and high-perfor-

that the drug product be tested for its identity,
mance liquid chromatography (HPLC) or an-

strength, quality, purity, and stability before
alytical methods developed based on these

it can be released for use. For this purpose,
instruments and manufacturing processes for

pharmaceutical validation and process con-
specific compounds. The current good manu-
facturing practice (cGMP) requires that the
sponsors establish the reliability of test re-
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NJ 08540. requires that the accuracy and reliability of
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test results be established and validated. The as the process by which it is established, in
laboratory studies, that performance charac-purpose of analytical method validation is

then to ensure that the assay result meets teristics of the methods meet the require-
ments for the intended analytical application.proper standards of accuracy and reliability,

while the purpose of the manufacturing pro- The analytical application may be referred
to as a drug potency assay which is usuallycess is to ensure that the manufacturing pro-

cess does what it purports to do. Therefore, based on GC or HPLC for potency and stabil-
ity studies, immunoassays such as radioim-a validated analytical method is usually em-

ployed for product testing at various critical munoassay (RIA) for the in vitro activity of
an antibody or antigen, or a biological assaystages of a manufacturing process to evaluate

whether the manufacturing process does for the in vivo activity such as median effec-
tive dose (ED50). The performance character-what it purports to do.

After a manufacturing process is vali- istics include accuracy, precision, limit of de-
tection, limit of quantitation, selectivity (ordated, the current good manufacturing prac-

tice also requires that a well-written proce- specificity), linearity, range, and ruggedness
which are useful measures for assessment ofdure for process controls be established to

monitor the performance of the manufactur- accuracy and reliability of the assay results.
Among these performance characteristics,ing process. Process controls include raw ma-

terials inspection, in-process controls, and re- accuracy, precision, and ruggedness are con-
sidered the primary parameters for the vali-lease targets for final product. The purpose

of process controls is to monitor the on-line dation of an analytical method.
For the validation of an analytical method,and off-line performance of the manufactur-

ing process and consequently validate the whether the analytical method can generate
true values is often of great concern. To ad-manufacturing process.

This paper provides an overview of phar- dress this question, one may measure how
close the assay result obtained by the analyti-maceutical validation and process controls

in drug development. The concept can be cal method is to the true value. This perfor-
mance characteristic is referred to as the ac-applied to new drugs, new dosage forms, and

generic drug development. In addition, some curacy of the assay result. In practice, one
may consider the analytical method to bestatistical issues and regulatory requirements

for pharmaceutical validation and process validated in terms of accuracy if the mean
value is within ±15% of the actual value,controls in drug development are discussed.
except at the limit of quantitation (LOQ),
where it should not deviate by more thanPHARMACEUTICAL VALIDATION
20% (2). In addition, the precision which is

Assay Validation defined as the degree of agreement among
individual assay results when the assayWhen a new pharmaceutical compound is

discovered, the FDA requires that an analyti- method is applied repeatedly to multiple
sampling of a homogeneous sample can becal method or test procedure for determina-

tion of the active ingredients of the com- measured based on measurement error of the
assay. Similarly, Shah et al. (2) indicated thatpound be developed and validated before it

can be applied to animal and/or human sub- one may claim that the analytical method is
validated if the precision around the meanjects. As indicated earlier, the cGMP requires

that test methods, which are used for assess- value does not exceed a 15% coefficient of
variation (CV), except for LOQ, where iting compliance of pharmaceutical products

with established specifications, must meet should not exceed 20% CV.
In many cases, the analytical method mayproper standards of accuracy and reliability.

The General Chapter 1225 of the USP/NF be performed by different analysts and differ-
ent laboratories under different operating cir-defines the validation of analytical methods
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cumstances such as different instruments, accuracy, precision, and ruggedness of the
assay results.different lots of reagents, different elapse

time, or different assay temperatures. Assay
ruggedness is often used to assess the influ-

Process Validation
ence of uncontrollable factors or the degree
of reproducibility on assay performance. One The objective of the validation of a manufac-

turing process is to ensure that the manufac-may conclude that the analytical method is
validated in terms of reproducibility if its turing process does what it purports to do.

A validated process assures that the finalassay ruggedness is within 15% of the mean
value. product has a high probability of meeting

the standards for identity, strength, quality,Accuracy is typically assessed using mul-
tiple testing by linear regression (3,4). Preci- purity, and stability of the drug product. A

manufacturing process is a continuous pro-sion can be assessed by testing hypothesis
of variability less than an acceptable limit. cess which usually involves a number of crit-

ical stages. For example, for the manufactur-Typical approaches for assessing assay rug-
gedness include the one-way nested random ing of tablets, the process may include initial

blending, mill, primary blending, final blend-effects model and the two-way crossed-clas-
sification mixed model (5). For the assess- ing, compression, and coating stages. At each

critical stage, some problems may occur. Forment of assay ruggedness, it should be noted,
however, that the classical analysis of vari- example, the ingredients may not be uni-

formly mixed at the primary blending stage;ance method may produce negative estimates
for the variance components and that the sum the segregation may occur at the final blend-

ing stage, and the weight of tablets may notof best estimates of variance components
may not be the best estimate of the total be suitably controlled during the compres-

sion stage. In practice, therefore, it is impor-variability. In these situations, methods pro-
posed by Chow and Shao (6) and Chow and tant to evaluate the performance of the manu-

facturing at each critical stage by testingTse (7) may be useful.
In practice, the validation of an analytical in-process and/or processed materials for po-

tency, dosage uniformity, dissolution, andmethod can be carried out by the following
steps: disintegration according to sampling plans

and acceptance criteria stated in the USP/NF.
These tests are usually referred to as the USP1. It is important to develop a prospective

protocol which clearly states the validation tests. For sampling plans of USP tests, the
USP/NF requires that representative samplesdesign, sampling procedure, acceptance

criteria for the performance characteristics be drawn from the container.
A manufacturing process is considered toto be evaluated, and how the validation is

to be carried out, pass the USP/NF tests if each critical stage
of the manufacturing process and the final2. Collect the data and document the experi-

ment, including any violations from the product meet the required USP/NF specifica-
tions for the identity, strength, quality, andprotocol that may occur. The data should

be audited to assure their quality. The col- purity of the drug product. A manufacturing
process is considered validated if at leastlected data are then analyzed based on ap-

propriate statistical methods. Appropriate three validation batches (or lots) pass all re-
quired USP/NF tests. Since manufacturingstatistical methods are referred to as those

methods which can reflect the validation procedures vary from drug product to drug
product and/or from site to site during thedesign and meet the study objective, and

3. Draw a conclusion regarding whether the development of a validation protocol of a
manufacturing process, it is important to dis-analytical method is validated based on

the statistical inference drawn about the cuss the issues given in Table 1 with project
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TABLE 1 1. A step of the process is modified,
Practical Issues in Process Validation 2. The product is made infrequently, and

3. A new raw material must be introduced,Critical stages
Equipment to be used at each critical stage
Possible problems a concurrent validation is recommended.
USP tests to be performed In practice, a well established manufactur-
Sampling plans ing process may need to be revalidated whenTesting plans

there are changes in critical componentsAcceptance criteria
(eg, raw materials), changes/replacement ofPertinent information

Test or specification to be used as reference equipment, changes in facility/plant (eg, lo-
Validation summary cation or size), and a significant increase and/

or decrease in batch size.
For a validated process, there is no guar-

antee that if the test is performed again itscientists to acquire a good understanding of
the manufacturing process. will have a high probability of meeting

the specification. Thus, it is of interest toProcess validation usually refers to the
establishment of documented evidence that construct some in-house acceptance limits

(specifications) which guarantee that futurea process does what it purports to do (8).
Basically, there are four different types of batches produced by the process will pass the

USP test with a high probability. A commonmanufacturing process validations in the
pharmaceutical industry: prospective, con- approach to process validation is to obtain a

single sample and test the attributes of inter-current, and retrospective validations, and re-
validation. Prospective validation establishes est to see whether the USP/NF specifications

are met. Bergum (9) proposed constructingdocumented evidence that a process does
what it purports to do based on a preplanned acceptance limits that guarantee that future

samples from a batch will meet a given prod-protocol. Prospective validation is usually
performed in the situations where: uct specification a given percentage of times.

The idea is to consider a multiple stage test.
If the criteria for the first stage are met, the1. Historical data are not available or suffi-

cient and in-process and end-product test- test is passed. If the criteria for the first stage
are not met, then additional stages of testinging data are not adequate,

2. New equipment or components are used, are done. If the criteria at any stage are met,
the test is passed. Acceptance limits for a3. A new product is reformulated from an

existing product, or there are significant validation sample are then constructed based
on sample mean and standard deviation ofmodifications or changes in the manufac-

turing process, and the test results to assure that a future sample
will have at least a certain chance of passing4. The manufacturing process is transferred

from development laboratory to full-scale a multiple stage test. More details can be
found in Chow and Liu (5).production.

Retrospective validation provides docu-
PROCESS CONTROLS

mented evidence based on review and analy-
sis of historical information which is useful For monitoring the performance of the manu-

facturing process, cGMP requires that a well-when there is a stable process with a large
historical database. One of the objectives of written procedure for process controls be es-

tablished and followed. The process controlsthe retrospective validation is to support the
confidence of the process. Concurrent vali- should be examined based on representative

samples drawn from each batch according todation evaluates the process based on infor-
mation generated during actual implementa- sampling plans as specified in cGMP or USP/

NF. The objective of process controls is totion of the process. In some situations where:
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control expected and/or unexpected sources determine whether the raw materials pass the
inspection.of variabilities that may occur during the

manufacturing process. When there is a devi- In practice, the strengths of the raw mate-
rials stored in the drums, which had passedation from established control specifications,

the possible causes for the deviation must be quality control inspection, may differ from
drum to drum due to the possible segregationfound and immediate corrective actions must

be taken. Process controls are usually re- of the materials. Thus, prior to manufactur-
ing, it is important to determine the amountferred to as raw material inspection, in-pro-

cess materials quality assurance, and final of materials to be used for mixing from each
drum so that the mixed raw materials willproduct quality control and release targets.
achieve the desired strength. Since each drum
may have a different volume of materials,

Raw Material Inspection
however, it is a challenge for the quality con-
trol unit to select the right number of drumsQuality assurance generally starts with raw

materials inspection. The objective of raw and the corresponding right volumes of ma-
terials for mixing so the capacity of the V-materials inspection is to examine whether

the raw materials meet USP/NF specifica- blender is fully utilized and the mixed raw
materials will achieve the targeted strengthtions for the identity, strength, quality, and

purity of the drug product. Unacceptable raw (5). To assure that the mixed raw materials
will achieve the targeted strength, the qualitymaterials can certainly lead to unacceptable

products. Therefore, it is crucial to inspect control unit usually establishes quality assur-
ance limits to accept or reject the mixed ma-all of the raw materials to make sure that

they meet USP/NF standards for the identity, terials.
strength, quality, and purity of the drug prod-
uct before the manufacturing process is initi-

In-process Controls
ated. For the inspection of raw materials, the
quality control unit usually performs USP At each stage of the manufacturing process,

the in-process materials including any mate-tests for drug characteristics such as potency
based on samples drawn from the raw materi- rial fabricated, compounded, blended, or de-

rived by chemical reaction that is producedals that are usually stored in drums. Based
on the test results, the quality control unit for, and used in preparation of, the drug prod-

uct should be tested to control the expectedcan determine whether the raw materials
should be approved for future use or be re- and unexpected sources of variations. There-

fore, the objective of in-process controls isjected. Once the raw materials pass the in-
spection, they can be used for manufacturing. not only to detect/identify the possible cause

of any unusual fluctuations in a process, butSince the raw materials are usually stored
in drums, a two-stage sampling technique also to locate/correct the problems where the

unusual fluctuations occur. Since the manu-is usually performed to draw representative
samples for inspection. For the first stage of facturing process of a drug product is a con-

tinuous process, the characteristics of thesampling, one selects a number of drums at
random. A conventional ad hoc approach is drug product may fluctuate from time to time

at each critical stage of the process. Someto select the square of the total number of
drums. This method is easy to apply, how- fluctuations may be explained by the inher-

ent variability of the process. Other fluctua-ever, it does not have any scientific and/or
statistical justification. For each sampled tions may be due to variation from identifi-

able sources. The responsibility of the qualitydrum, cGMP suggests that random samples
be drawn from the top, middle, and bottom control unit is then to remove identifiable

sources of variations.parts of the drum with a grain thief, which
consists of three compartments. Based on the During the manufacturing process, statis-

tical control charts such as Shewhart controltest results, the quality control unit is able to
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charts (eg, X, R and P charts), acceptance trol chart which utilizes all cumulative histor-
ical data up to the present time to detect anycontrol charts, and cumulative sum control

charts are often employed as useful graphical changes rapidly.
devices to monitor whether the variabilities
of the drug characteristics are within accept-
able limits (10,11,12). The basic idea of Release Targets
Shewhart control charts is first to remove
any assignable causes of variation whenever The objective of release targets is to deter-

mine whether a batch or lot of a drug productpossible based on an estimated short-term
variability. After the assignable causes of can be released for use based on USP tests.

A common approach to release testing is tovariation have been identified and removed,
the estimated variability can be used to estab- obtain a single sample and test the drug char-

acteristic of interest. If the specification forlish control limits for evaluation of long-term
variability. To ensure that the manufacturing the tested characteristic is met, the batch is

released. For each test, the quality controlprocess will reach the state of statistical con-
trol, it is recommended that the sample mean unit may construct acceptance limits based

on other experiments such as assay validationand sample range be used to capture any
changes in location and variability in the con- or stability studies. These acceptance limits

are usually referred to as release targets. Thetrol charts.
An acceptable control chart is developed constructed release targets guarantee that fu-

ture samples from a batch meet a given prod-based on the concept that the drug character-
istics can be classified as either at an accept- uct specification a given percentage of times.

As an example, consider release testingable process level (APL) or a rejectable pro-
cess level (RPL). Therefore, APL (RPL) is for potency. The USP/NF requires that the

average potency of a batch be within an inter-a process level at which it is acceptable (re-
jectable) and should be accepted (rejected) val (L,U), where 0 < L < U represent USP/

NF specification limits. Since the averagemost of the time. Hence, an acceptable con-
trol chart can be used to determine whether potency is unknown, the release test is based

on a potency assay result of a sample or thea process should be accepted or rejected
based on whether the drug product meets average potency results of n samples from

the batch. A batch might be released if itsUSP/NF specifications. Note that acceptance
control charts are usually applied when the potency assay result is within (L,U). A batch

released according to such a test criterion,variability of a process is stable and in a state
of statistical control. In practice, acceptance however, could have average potency outside

(L,U) with a high probability. A batch havingcontrol charts are generally used in conjunc-
tion with a Shewhart control chart to ensure average potency outside the USP/NF specifi-

cations before the expiration dating period isthe stability of the process in terms of its
process variability. subject to recall. To have a certain degree of

assurance that the average potency of a batchSince Shewhart control charts are based
on a one-point rule which declares that a is within (L,U), the quality control unit usu-

ally selects in-house release targets (a,b) asprocess is out of the state of statistical control
if the last sample mean is beyond the control a guide for releasing a batch. As a result, a

is chosen to be L + 1.645σ̂ + ŝ and b is se-limit, they are not efficient in identifying
small-to-moderate deviations. To overcome lected as U − 1.645σ̂, where σ̂ is the esti-

mated variability of an assay and ŝ is thethis drawback, Page (12) developed a proce-
dure for control charts based on the sum of estimated stability loss in potency over the

entire expiration period. The idea behind thisobservations. Each point on this type of con-
trol charts contains information on all previ- set of release targets is that if all future

batches have the same average potency, re-ous points including itself. This control chart
is known as cumulative sum (CUSUM) con- lease targets guarantee that among all the
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future batches released, 90% have average strongly suggested that appropriate statistical
design and analysis be employed to establishpotency within (L,U).

As an alternative, Shao and Chow (13) pharmaceutical validation and process con-
trols whenever possible.proposed a Bayesian decision theory ap-

proach to construct release targets for drug
characteristics such as potency and dissolu-
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