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ABSTRACT

The information required for an adequate analytical method validation for either n vitro or
in vivo biopharmaceutical studies is discussed in this article. The most commonly applied assay
parameters. accuracy, precision, detection limit, specificity, selectivity, calibration linearity or
nonlinearity, stability, recovery, reproducibility and repeatability are carefully defined along
with some recommendations required for assessing data acceptability arrived at the conference on
Analvtical Methods Validation. Though more specific analytical issues concerning microbiological
assay radioimmunoassay and stereoisomer assay were not examined, this article should provide
good guidance to pharmaceutical chemists to properly perform analytical methed validation and
carry out routine analysis.
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INTRODUCTION . L | 1
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Validation of an analytical assay method to ensure Foods and Drugs.
the method s suitability and to generate accurate anc
precise results is an absolute requirement 1f the methoc ASSAY PARAMETERS
s to be used in in vitro or in vivo biopharmaceutical Regulations and guidelines promulgated by
studies. Failure 1o adequately validate the analytical the U.S. Food and Drug Administration (FDA) often
method can be sufficient grounds for rejection of a study deseribe assay requirements quite briefly. In the Code of
by the regulatory authorities. Federal Regulations, it is clearly stated that ~ bivavail
Several papers, including one by this author, have ability testing shall be conducted using the miost
heen recently published on  bicanalvtical  methods accurate, sensitive  and reproducible  approach. ..
validation'™. In addition, a special Conference on (CFR21:320.24b) and "the analytical method. .. shall
Analytical Methods Validation was held i December be demonstrated to be accurate and of sutficient sensitiv-
1990 whose goal was 1o try to reach a consensus on ity to measure, with appropriate precision, the actual
what should be required in analytical method vahdation concentration of the active drug ingredient or therapeu-
and procedures 1o establish validation. The author had tic moiety, or its metabolite(s), achieved in the body.
the opportunity to participate in the conference and was (CFR21:320:29a). In practice, the actual appheation
involved in panel discussions on various analytical 1ssues. of these guidelines rests on their interpretation by
It is a pleasure and an honor for the author to share FDA's reviewing staff at the Division level. Quite often



the essential information required as part of an assay val-
idation is dependent on the type of study performed 1. e.
should always include accuracy and precision, sensitivity
and detecton limit, specificity and  selectivity,
calibration, linearity and nonlinearity, stability and

recovery, repeatability and reproducibility. In this
report, | will briefly discuss the general procedures used

to determine these parameters and the more specific rec-
ommendations arrived at by the Conference.

ANALYTICAL METHOD VALIDATION

Accuracy and Precision

Accuracy reters to the bias of the method while
precision refers to the repeatability of the method. To-
gether they determine the total quality of the method.

Statistically, accuracy is determined by calculating the
difference between an observed(or calculated) value anc

a true (or actual/spiked value) value. The degree of

variation 15 most frequently calculated as percent error or
mean relative per cent error. Precision, on the other
hand, 1s a calculation of variability within a set of mea-
surements of the same quantity. It is sometimes referred
to as * reproducihility” although it is somewhat different

from the reproducibility that we will discuss in a later
section. Precision is reported as the coefficient of varia-

tion (%CV) or relative standard deviation (% RSD).
Accuracy and precision are basically interdependent

in assessing the adequacy of the analytical method.
Usually accuracy is difficult to achieve without good
precision but precision does not always ensure accuracy .
During method validation, some analysts determine the
accuracy by calculating the difference of the mean of ob-
served values (analyses of numbers of N samples) and

#

the actual values. This practice is misleading especially

when dealing with bioassay since only one measurement
s carnied out for each sample during routine drug
analysis. The author suggests that the mean of the ab-
solute sum of the differences between each observed val-

ue and actual value should be used in calculating mean

relative per cent error. In this way, good accuracy will
always comply with good precision.
Acceptance limits for accuracy and precision vary

among analysts from different disciplines. The Confer-

ence recommended that in bicanalysis, the mean value

for accuracy should be within 15% of the actual value

and the precision less than or equal to 15% coefficient of
variation (% CV) except at the limit of quantitation
where 20% error and 20% CV are acceptable. Accura-

cy and preasion should be based on at least 5
determinations.

During routine drug analysis, it is essential ( the
author’s view versus " desirable”--the Conference’s rec-
ommendation) that these criteria be applied for both in-
traday (or intra-batch) and interday (or inter-batch)
experiments.

Sensitivity and Detection Limit

Sensitivity, a term which defines the ability to de-
termine low concentrations of an analyte (generally ac-
cepted to be 3 times the signal to noise ratio) is mean-

ingless in an analytical method walidation. On the

contrary, minimal quantifiable level (MQL), or limit of

quantitation (LLOQ), terms which include a preset level
of certainty, 1. e. both accuracy and precision within
20% , are more adequate in defining the detection limit.

The MQL or LOQ of a method is taken as the

lowest standard concentration used in the validation,

provided that accuracy and precision at this level are

acceptable. It is our common practice as well as the
Conference’s recommendation that no data extrapolated
bevond this point should be accepted.

Specificity and Selectivity

Many bioanalytical chemists use the terms speci-
ficity and selectivity interchangeably. Actually, speci-
ficity refers to a method which produces a single re-
sponse for only a single analyte. Selectivity, however,
refers to a method which provides responses for a num-

ber of chemical entities but the response of the chemical

entity of interest can be distinguished from all other

7
responses' .

matographic methods, have varing responses due to the

Since most methods, especially chro-

presence of metabolites, endogenous compounds, etc. |
the term selectivity is more appropriate in the majority



of cases.
An analytical method should be validated using the

same biological matrix as that in the samples which are

to be analyzed. Any effect from the matrix and/or oth-
er interferences can then be compensated for by making
up calibration standards in the same matrix as found in
the samples.

In chromatographic studies, matrix interference
(or lack of interference) can be easily demonstrated by
recording the chromatogram of the blank biological ma-
trix taken through the method. The recently developed
photo-diode-array ~ detector used in  liqud chro-

matographic assay is one of the most effective ways to
confirm selectivity of an assay for analytes and metabo-
lites alike. For competitive binding assays, lack of in-
terference is generally indicated by a lack of measurable

response in the blank along with an evaluation of cross-
reactivity to structurally related or concomutant
substances. Lack of cross-reactivity is generally accepted
to be no response when the substance is present at 1000
times the lower limit of quantitation for the analyte or
less than 0.1% cross-reactivity'".

Calibration: Linear and Non-linear

Basically, concentrations of sample analytes are
calculated by comparison of responses of standards
spiked at known concentrations to responses of un-
known samples. Since the same analytical method 1s
used to assay both samples and standards, the same ac-
curacy and precision applies to the samples and
standards. It is important to use a sufficient number of
spiked standards to define the relationship between re-
sponse and concentration. When the concentration-re-
sponse relationship 1s linear, four or five concentrations
in addition to a blank sample may be sutficient to cover
the range of samples analyzed.

However, if the concentration-response relation-
ship is non-linear, more standard concentrations will be
needed to establish an adequate standard curve. The

MDL {(or LOQ) standard must always be included in

the validation.

To cover a large dynamic range of calibration, the

use of weighting factors is common. However, while
the use of a weighting tactor improves accuracy at one
end of the calibration curve, there 1s always some sacri-

fice in accuracy at the other end. A plot of logarithmuc
values of concentration and response, on the other
hand, provides an ideal linear model that theoretically

vields a slope equal to one. This unique slope value can
be used as a criterion of acceptance for linear data. Any
mathematically justified manipulations of calibration da-
ta may be applied in this author’'s opinion. However, to
avoid complexity, the simplest adequate procedures

should be applied in method validation whenever

possible.

As discussed in the accuracy and precision section,
the validation should include a minimum of five mea-
surements at each concentration in the calibration
range. During routine drug analysis, five to eight stan-
dard concentrations, either single or replicate, 1s
adequate.

Prior to any sample analysis, the stability of the
drug analyte should be established. It is particularly im-
portant to assess the possible instability of the drugs
and/or metabolites in the biological matrix during sam-
ple collection and storage since, in most cases, the sam-
ples will be stored for a period of time before analyss.
The stability of the drugs should be determined for the
anticipated storage period. When the integrity of the
drug is affected by freezing and thawing, the spiked

samples should be assayed repeatedly under several

freeze/thaw cycles. During routine analysis, poolec
clinical samples subjected to the same storage procedure

should be included in the stability study. In the event
instability is detected,addition of appropriate stabilizing
agents such as antioxidants, enzyme inhibitors, etc.

may be needed to minimize degradation of the analytes.
The measurement of the response of a spiked ma-
mnx standard which has been subjected to the entire

procedure, expressed as a percent of the response of

sure standard which has not been taken through the
When

derivatization is part of the procedure, the response

measured from the matrix is generally compared to the



response from the pure solvent, hoth subjected 1o the

entire experimental proce ahm [ this case, the recov-
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COVETIES (ATl h{ﬁ tre {--z‘tzfd as i test {}f matnx effect. Al-
though 1018 desirable to achieve a recovery as close 10
1000% a5

tor good accuracy and precision. Lower recovery values,

possible, 1118 by no means absolutely necessary

e o0, 70% ete. can all be accepted as long as the re-
covery 18 shown 1o be consistent and the accuracy and

precision are within acceptable mits.

Reproducibility and Repeatability

Reproducibility 15 used 1o desenbe the closeness of

wgreement between results obtained with the same

method ander different conditions (atest of ruggedness)

whereas repeatability refers 1o agreement between sue-

CESSIVE mheasurements on the same sample using the

ame method and conditions. In other words, reprodi-

5{ red as the measurement of preei-
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ot between laboratones (inter-laboratory) when
isare pertormed i more than one laboratory, and re-

Peatzhibity s the measurement of precision within the
same laboratory different analysts, or the analysis re-
smed  after a long period of time. Under these

sications, the method must be re-validared and the re-

edneiblity and repeatability data be determined.

A common wav 10 test the ruggedness of 4 method
s 1o analyze quality-control (QC) samples over time or
different conditions in order to observe any

The establishment of QC

') s very helpful 1o determune if

inder
chanmges which oceur. ‘harts
(Levy Jennings charts'®
These data can

up/ down trends or shifts of data oceur.

then be statistically analvzed 1o determine a enteron for
aceentance of results generated daily.

d that dun

three QC samples i duphicate at different con-

The Conference recommende ng routine

Al ysis, 1
centrations should be Eféi_“(}E“;,‘:x’;}fézié?i_i mto the unknown

sammples 1o determmine the acceptability of the barch of

samples atndvzed. The Conference further elaboratec
thatt At least four of the six QC sam
m 20% ot their respective nominal z-*aiazt:%ze; two of the

six QU samples (both not at the same concentration )

les must be with-

mav be outside the range + /- 20% of their respective
nominal values. A confidence interval approach vielding

comparable accuracy and precision 1s an acceptable alter-

P

native lt s the sequence of sample placement, the

order i which QU concentrations are run, and the cn-

terion for acceptance of sample data based on QC data

should be carefully chosen and justified by the analyst.

CONCLUSION
The general information essential for an adequate

analvtical method validation for either 71 vitro or in vi-

19 biopharmaceutical studies have been briefly discussed

in this article. The author does not claim 1o have cov-

ered all aspeets of analytical validation. Specific analyti-

cal

- methods such as microbiological assay, radioimmuno-

require that additional
[ocu-

preset criteria on rean-

dssety STETEOINSOMEer ssay, elc.

data be determined {or an adequate validation.
mentation on method validaton,
alvzing samples, and many other analytical issues relat-

ed 10 good laboratory practice (GLP) also need to be

properly addressed. This article, however, in addition

to the references, should provide good guidance 1o phar-

maceutical chersts wishing to properly validate an ana-

lvtical method.
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