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1. Introduction

In the development of medicinal products, bioanalytical methods are used in clinfeal
and non-clinival pharmacokinelic studies (including toxicokinetic studies).to evaluale the
efficacy und safety of drugs and their metabolites. Drug concentrations determined in
biological samples are used for the assessment of characteristics such as i vive
pharmacokinetics (absorption, distribution, metabelism, and cxcrction), bioavailability,
bicequivalence, and drug-drug interaction. _

Tt is important that these bioanalytical methods are well characterized throughout the
analytical procedires lo establish their validity and reliability. '

This guideline serves as-a general recommendation for the validation of ligand binding

. assays (LBAs) as bioanalytical methods to ensure adeyuate reliability. It also -provides a
framewuork for analysis of study samples by using validated methods to gencrate study
~ fesults supporting applications for drug marketing authorization.

Flexible adjustment and modification can be applied in the case of specialized
analytical method or depending on the intended use of the resnlt of analysis. Adjustments
and modifications may include appropriate predefinition of acceptance criteria based on
scientific rationale. '

2. Scope

This puideline is applicable to the validation of LBAs as analytical methods for the
measurement of dirmgs in biclogical samples oblained in toxicokinetic studies and clinical
trials, as well as to the analysis of study samples using such methods. The information in
this guideline generally applies to the quantification of peptides and proteins as well as
low-molecular-weight drugs that are analyzed by LBAs. A typical example of an LBA is
an immunological assay based on amtigen-antibody reaction, such as epzryme
immunoassay (LA}

This guideline is not mandatory for analytical methods used in non-clinical studjes that
are beyond the scope of *Ministerial Ordinance Concerning the Standards for the

Conduet of Non-clinical Studies on the Safely of Diugs (Ministry of Health and Welfare™

ordinance No. 21, dated March 26, 1997).” but could be useé as a refercnce for
conducting the required validation of such methods.



3. Beference Standard

A reference standand serves as the seule in quantilying an analyte, and is mainly nsed
to prepare calibration standsrds and quality control (QC) samples, which are relevant
blank matrix spiked with & known concentration of the analyte of interest. The quality of
the reference standard is critical, as the guality affect measurement data, A certificate of
analysis or an alternative statement thet provides information on lot number, content
{amount, purity, ot piotency) and storage conditions should accompany the standard. Alsn,
the cxpiration datc or its cquivalent is preferably clarified. As for a reterence standard, it
is important that the material is procnred from an authenticated source and is of
well-controlled quality.

4. Analytical Method Validation

An apalytical method validation should be performed at every relevant facility when
cstablishing a bioanalytical method for quantification of a drug or its metabolite(s).

4.1. Full validation

A Tull vahidation should be performed when cstablishing a new bicanalytical methaod
for quanhification of an analyte/analytes. A full validation is also required when
implementing an analytical method that is disclosed in literatire or commercialived as a
kit product, ' .

The objective of a full validation is to demonstrate the assay perfonnance of the
method, e, specificity, selectivity, calibration curve, accuracy, precision, dilutional
linearity, and stability. Generally, a full velidation should be performed for each species
or mattix (mainly plasma or serum} to be analyzed.

The metrix used in analvtical validation should be as close as possible to the target
study samples, including anticoagulants and additives, When an analytical method is to
be established for & mairix of limited availability {rarc maftrix, e.z., tissue, cerebrospinal
fluid, bile) and a sufficicnt amount of matrix cannot be obtained from sutficient pumber
of sources (subjects or animals), a surrngate mairix may be used to prepare calibration
standards and QC samples. However, the use of 4 surrogale matrx should be justified as

much as possible in the course of establishing the analytical method.
~ Inan LBA full validation, the minimum required dilution (MRD) should be defined &
priori (ie., in the course o method development) to dilute samples with butfer solution.
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When using a plute-based LBA, analysis should generally be performed in at lcast 2
wells per sample; a sample concentration should then be determined either by calculating
a mcan of responscs from the wells or by averaging the concentrations caleulated from
cach responsc.

4.1.1. Speeilicity

Specificity 13 the abilily of an analytical method to detect and differentiate the analyie
from other substances, including iis related substances (Le., substances thal are
structuratly similar to the analyte). For an LBA, il is imporlant that the binding reagent
specifically binds to the target analyle bul does nol cross—react with coexisting related
substances. If presence of related subslances is anticipated in biological samples of
intercst, the cxtent of the impact of such substances should be evaluated. Specificity may
be evalvated in the course of methad developmen:, Tn some cases, an additional
specificity testing may have to be conducted after a method validation is completed.

Specificity is evaluated using blank samples (matrix samples without analyte addition)
and blank samples spiked with the related substance at concentration(s) anticipated in
study samples: in addition, QC samples with the analylc concentrations near the lower
limit of quantification (LLOG) and near the upper limil of the quantification (UI1.QQ) of
. calibration curve should be evaluated efter spiking with the related substance at
anticipated concentration(s).

Asiay results for the “near” hlank samplc and blank samples spiked with the related
substance should be below the LLOQ); and accuracy in the measurements of the QC
samples spiked with the related substance should demonstrate an accuracy of within
+20% of the iheorelical concentralion (or within +25% of the theoretical concentration at
the LLOQ and ULOQ).

4.1.2. Selectivity

Sclectivity is the abilily of an analytical method to deteet and differentiate the analyte
in the presence of other components in the samples.

Sclectivity is evalvated uwsing blank samples obtained from at least 10 individual
sources and near-LLOQ QC samples (i.c., QC samples at or near the LLOQ)} prepared
using the individual blank semples. In the case of a matrix with limited availability, it
may be aceeptable to use matrix samples obtained from less than 10 sources.
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Assay results for at least 80% of the blank samples should be bolow the LLOK); at least
80%: of the near-1.L1.OG QC samples should demonstrate an accuracy of within +20% ol
1he theoretical concentration (or within £25% at the LLOGQ).

4.1.3, Cualibralion vurve

The calibration ‘curve demonstrates the relationship between a theoretical analyte
concentration and its resulfing response variable,

A calibratign curve should be prepared by using the same matrix as the intended study
samples, whenever possible, hy' spiking the blank matrix with known concentrations of
the analyte. A calibration curvs should be generated with at least 6 concentration levels of
calibration standards, including. LLOGQ ahd ULO( samples, and a blank sample. Anchor
point samples at concentrations below the LLOQ and above TILOG of the calibration
curve may also be used fo improve curve fitting. A 4- or 5-parameter logistic modcl is
generally used for the regression cquation of a calibration curve. The validation report
should inelude the regression equation and weighting conditions used.

Lhe accuracy of back-calculated concentration of each calibration standard should be
within £25% deviation of the theoretical concentration al the LLOQ and ULOQ, and
within £20% deviation at all other levels. At least 75% of the calibralion standards
excluding anchor points, and a minimum of 6 levels of calibrativn slanderds, including
the LLOGQ and ULOQ, should meet the above criteria.

4.1.4. Accuracy and precision

Accuracy of an analytical method deseribes the degree of closeness belween the
analyte concentration determined by the method and its theoretical concentration.
Precision of an analytical method deseribes variation between individual concentrations
determined in repeated measurements.

Accuracy and precision are asscssed by performing analysis with QC samples, ic.,
samples spiked with known amounts of the analyte. In the validation, QC samples with a
minimum of 5 different concentrations {LLOA, low-, mid-, high-levels, and ULOOD)
within the calibration range are prepared. The low-level should be within 3 times the
LLOA, the mid-level 15 near the midpoint on the calibration curve, and the high-level
should be at least one-third of the ULOQ of the calibration curve. Aceuracy and preeision
should be evaluated by repeating the analysis in at least 6 analytical runs, '
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The mean within-run and between-run accuracy at each concentration level should be
within £20% deviation of the theoretical conecntration, cxeept at the LLO{) and FLOQ,
where it should be within £25%. Within-run and between-run precision of eoncentrations
determined at each level should not excead 20%. except at the 1.1.0Q and TLOGQ, whers
it should not exceed 25%. l'urthermare, a total enor (sum of the absolute value of the -
relative eror [, accuracy minus 100%] and precision) at ezch level should not exceed
30%, excepl al the LLOQ and ULOQ, where it should not excesd 40%.

4.1.5. Dilutional linearity

Dilutional linearity i3 assessed o confimm the [ollowing: (i) the method can
appropriately anzlyze samples al concenlralions exceeding the ULOQ of a calibration
curve without influence of a hook effect or prozone: (if) measured concentrations are not
affected by dilution within the calibration range. Dilutipnal linearity iz evaluated by
analyzing a QC sample exceeding the ULOQ of a calibration curve mmd its serial
dilutions at multiple concentrations. The absence or presence of response reduction thook
effect-or prozomne) is checked in the analyzed samplcs, and if discovercd, measures should
be teken to eliminate response reduction in smdy sample analysis. Accuracy and
precision in the measurements corrceted for the dilution factor should be within =209
deviation of the theoretical conceontration and not more than 20%., respectively.

4.1.6. Stability

Analyte stability should be evaluated to cnsurc that the concentration 'is not affectad
through each step of the process from the sample collection to the analysis. The stability
of the anlayte should be assessed under conditions that ave as close as possible to the
actual circumstances, c.g. sample storage and sample analysis, Carcful consideration
should be given to the solvent or matrix type, container materials, and storage conditions
used o the stability-determination process. _

Validation studies should determine analyte siability after freeze and thaw cycles, and
after short-term (e.g., at room temperatare, on ice, or under refrigeration) and long-termn
storzge. All stability experiments should be performed on samples that have been stored
for a time that is longer than the actual storage period.

Stability of the analyte in the stock and working solutions is evaluated nsing solutions
at or near the highest and lowest concentration levels for the actual solution storage
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siluation. Stability of the analyte in the studied matrix is evaluated using low- and
high-level QC samples. The QC samples should be prepered using a matrix that i{s as
close as possible 1o the actual study samples, including anticoagulant and additives.
Stability is evaluated by analysis of at least 3 replicates per QC concentration level
before and after stability storage. The mean accuracy in the mezasurements at each lovel
. should be within +20%% deviation of the theorefical concenlration, in ponciple. Other
criteria couid be used if they are deemed selentifically more appropriate for the
evaluation ol a specilic anadyie.

4.2 Partial validation

Partial validation may be performed when minor changes are made to an analytical
method that has already been [ully validated. The items in a partial wvalidation are |
determined according o the extent and naturs of the changes made to the method.

Typical sicanalytical method changes subjectad to a partial validation are as follows:
analytical method transfers between laboratorics, changes in analyviicai instrnments,
changes of the critical reagent loi, changes in calibration range, changes in the MRD,
changes in anficoagulant, champes in analytical condifions, changes in samnle storage
conditions, confirmation of impact by concomitant drugs, and use of rare matnices.

Acceptance criteria used in partial vajidation should, in principle, be the same as thase
employed in the full validetion.

4.3, Cross valudation

Cross walidation is primarily conducted when data are generated in multiple
laboratories within a study or when comparing analytical methods used in different
studics, after a full or partial validation. The same set of QC samples spiked with the
analyte or the same set of study samples is analyzed, and the mean accuracy at each
conceniration level of QC samples ur the assay variabilily in the measurements of study
samples i3 evaluated.

In the cross validation among 2 or more laboratories within a study, the mean accuracy
of QC samples (low-, mid-, and high-levels) evaluated by at least 3 replicates at cach
level, should be within £20% deviation of the theoretical concentration, in principle,
considering intra- and inter-labaraiory precision. When using a set of study samples, the
assay variability should be within =30% for at least two-thirds of the samples.

8



When conducting cross validation between different analytical methods based on
different assay principles, both validation procedure and acceptance criteria (i.c., mean
accuracy or assay variability) should be separately defined bascd cn scicntific judgment
according to the type of the analytical methods.

5.'Anﬂlys.i5 of Stndy Samples

Study samples are biological specimens that are obtained from toxicokinetic smdies
and clinical trials for analysis. Analysiz of study samples should be carried out using a
tully validated analytical method. Dining analysiz, study samples should x: handled
urder conditions that are validated for adequate stability, and anglyveed within a
confirmed stability penod, along with a blank sample, calibration standerds at a
minimum of 6 concenlralion levels, and QC semples at 2 minimum of 3 concentration
levels. In a plale-based LBA, assay should generally be performed in at least 2 wells per
sample prepared. A sample concentration should then be determined either by calculating
a conceniration from an average of each response or by averaging the concentrations
calculated from each response.

WValidity of the apalytical method during smudy sample analysis should be evaluated in
each analytical run by using the calibration curve and QC samples. In a platc-based assay,
each plate represents a single analytical ruan, In studies that serve pharmacokinetic data as
a primary endpoint, reproducibility of the analvtical method should be conlfirmed for
cach representative study per matrix by perfonming incurred sample reanalysis (ISR:
reanalysis of incurred samples in a scparate analytical run on a different day to determine
whether the original analytical results ars reproducible).

5.1. Calibration curve

A calibration curve is used to detarmine the concentration of the analyte of interest in
shudy samples. A ealibration curve used in study sample analysis should be generated for
each analytical mm by using the validated analytical method, The same moedel as in the
bicanalytical method validation should be used for Lhe regression equation and weighting
conditions of the calibration curve.

The accuracy of back-calculated concentrations of calibration standards at each level
should be within #25% deviation of the theoretical concentration at the LL{O{} and
ULOQ of the calibration curve, and £201% deviation at all other levels. At least 75% of
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the calibration standards excluding anchor points, with a minimum of ¢ levels, should
meet the above eriteria.

If the calibration standard at the LLOQ or UL(X) does not meet the criteria in study
sample analysis, the next lowest/highest-level calibration standard may be used as the
LLOEG) ar ULOQ of the calibration enrve. Even though nmrowed, the modified
calibration range should still cover al lesst 3 different QC sample levels (low-, mid-, and
high-levels),

52.QC samples

QC samples arc analyzed o assess the vahlidity of the analwtical msthed used for
calibraiion curve and sludy sample analvsis.

QC samples with a minimum of 3 different concentration levels (low-, mid-, and
high-levels) within the calibration range are analyzed in each analytical run. Usually, the
low-level is within 3 times the LLOQ, the mid-level is in the midrange of the calibration
curve, and the high-level needs to be at least one-third of the ULOG of the celibration
curve, QC samples arc processed in the same manner as with study samples. The analysis
requires 2 QC samples at cach QC level or at least 5% ot the total number of study
samples in the analytical run, whichever is the greater.

The accuracy of measurement of QU samples should be within £20% deviation of the
theoretical eomeentrations. At least two-thirds of the QC Samples and at leasl 30% ai each
conceniration level should meet the above criterion.

5.3, ISR (Incwred sample reanalysis)

In bioanalysis, it can happen that the results of analyses of study samples are not
reproducible, even when the methed validation is successfully conducted and the validity
of at each anal}ftical ran is confirmed by calibration standards and QC samples. Such
[uilures can be allribuled 1o various factors, including inhomogeneity of study samples
contamination and other operational errors, and interference of biciogical components
unique to the study samples or of unknown metabolites, ISR refers to reanalysis of
incurred samples in separnte analytical runs on different davs to check whether the
original analytical results arc reproducible. Confirmation of the reproducibility by ISR
improves the reliabihty of the analytical data. In addition, a failure to demonstrate the
reproducibility of the original data in ISR can trigger a cause investigation and remedial
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measures for the analytical method.

" Usually, ISR is performed for represcatative studics sclected for sach matrix in studies
that usc pharmacckinctic data as the primary endpoint. For instance, ISR should be
conducted 1 the following situations: non-clinical toxicokinetic studics for each different
species, Tepresentative clinical pharmacokinetic studies in healthy volunteers and patients
_ with renal/hepatic impairment, as well us bioeguivalence studies. For non-clinical studies,
ISR may be perfvrmmed with samples obtained in a independent non-GLP study, if the
study design is similar fo the relevant fowicokinetic study in terms of sampling
conditions. :

ISR should be performed with samples from as many subjects or animals &s possible,
including those near the maximum blood coneantriation {Cia) and the climination phase,
within a time window that ensures the analyic stability. As a guide, approximately 10%
of the samples should he reanalyzed in cases where the total number of study samples is
less than 1000 and approximately 5% of the number of sammples exceeding 1000.

' The results of ISR are evaluated using assay variability. Assay variabilily can be
calculated as the differemce helween the concentration obtained by ISR and that in the
criginal analysis divided by their smean and multiplied by 100. The assajf' variability
should be within +30% for at least two-lhirds of the samples analvzed in ISR. In case the
ISR data Failed 10 meet the above crileria, rool cause investigation should be eonducted
for the analytical method and necessary messures should be taken by considering the
potential impact on study sample analysis.

It should be noted that ISR iz performed to monitor assay variakbility, The original data
shouid never be discarded or replaced with the reanalysis data even if the assay
variability exceeds +30% in a specific sample.

&. Points to note

6.1. Calibration range

In LBAs, calibraiion range is largely dependent on the charactaristics of the binding
reagent and it may be difficult to arbitrarily determine the range. In addition, because the
calibration range of LBA is comparably narrow, diletional lincarity should he
anpropriately established to bring the concentrations of analyte in dilitted study samples
within the range of the calibration curve,

In casc the calibration range is changed, partial validation should be performed.
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However, it is not necessary to reanalyze the study samples that have been quantificd
prior to the change in the calibration rangc.

6.2 R-:ar.al}rsisl

Possible rcasons and proccdurcs for reanalysis, as well as criteria tor handling of
concentration data should be defined a prmrr in the protocol or standard operating
procedurs (SOP).

Tixamples of reasons for reanalysis are as follows: calibeation curve or QC samples
failed 10 meel lhe crleria for validity of the analytical run; the obtained concentration
excoeded the ULOQ of the calibration ¢urve or fell below the LLOCQ) due fo excess
dilution; the analyte of interest was detected in pre-dose or placebo samples; improper
analytical operaticn or malfunction of analytical instrument; and causal investigation on
abnormal values, _

Reanalysis of study samples for pharmacokinetic reasons should be avoided, whenever
possible. Particularly in bioequivalence studics, it is not acceptable fo reanalyze study
samples and meodify the concentration data only bocauss the initial data were
pharmacokinctically queéﬁﬂnable-. Ilowever, reanalysis of specific study samples is
acceptable when, tor instance, the initial analysis yiclded an unexpected or anomalous
result that may affect the satefy of subject in a clinical tdal.

In any case, when reanalysis is performed, the analylical report should provide
information of the reanalyzed samples, the reason [or reanzlysis, the data obtained in the
initial analysis, if any, the dala oblained in the reanalysis, and the final accepted values
and the reason and method ol sclection.

6.3. Carry-aver

Carry-over is an alteration of a measured concentration due Lo residual analyte in the
analytical equipment.

Carry-over is not an issue for amalyses performed in plates and tubes, while it should
be taken into account in analyses that use a single flow call, flow path, andior
sutosampler.

If carry-over 15 inevitable, its impact needs to he examined, and appropriate measures
should be taken to avoid any impact on the actual study sample analysis. Should there be
any concern that carry-over may affect the quantification of analyte in study samples, it
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should be evaluated during the actual study sample analysic 1o assess the impact on the
congentration data,

6.4, Cross-fzlk

Cross-talk is an alteration of a measured concentration due 1o a leak of fluorescence or
luminescence to adjacent wells in plate-based assay.

If cross-talk is inevitable, its impact needs 1o be cxamincd, and appropriate measures
should be taken to evoid any impact on the actual study sampic analysis. Should there be
any concern that cross-talk may aflect the quanfification of analyte in study sumples, this
should be evalnated duning the actual study sample analysis to assess the Impuct on the
concenfration data.

6.5, Critical reagents

A eritical reagent is the onc that has a direct impact on the results of an LBA-based
bicanzalytical method and usually includes, but is not limited to, binding reagents {e.g.,
unlabeled or labeled antibodies),

A ¢ritical reagent should be selected by considering the specilicily [or the analyte and
should be stored under conditions that ensure consistenl guality. The quality of critical
reagent should be appropriately maintained throughout the perod of use in analytical
methdd validation and study sample analysis. Partial validation is in principle required
when the critical reagent lot i3 changed.

6.0, [nterfering substances

Interlering substances are those that may affect the concentration datz in study sample
analyeis and may include. but are not limited to, soluble ligands and and-drug antibodics.

i interfering substances are potentially present in study samples, it is advisable to
examine the impact of interfering substances on the concentration data.

7. Documentation and Archives

In order to ensure adequate reproducibility and reliability of bicanalysis, results
obtained in analytical method wvalidations and study sample analyses should be
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documented in a validsiion report und 2 study sample analysis report as described below.
The reperls should be slored along with relevant records and raw data in an appropriate
manner.

All relevant records and raw data should be kept, including those obtained in rejectad
analytical runs, specifically record of refercnoe materials, blank matrices, and critical
reagents  {receipt/release, use, and storage), record of .sa.mples {recelplirclease,
preparation, and storage), record of analyses, record of insirument (calibration and
settings}, record of deviations, record of communications, and raw data such as analytical
cada.

Validation report

Summary ol the validation

In[ormation on the reference standards

Information on the blank matrices

Information on the critical reagents

Analytical method (ineluding description related to the MRD)
Validated parameters and the acceplance criteria

Validation results and discussion

® Rcjected xuns together wath the reason for rejection

® Informsztion on reanalysis

® Deviations from the protocol and/or 501 along with the impact on study results
® [nformation on rcference study, protocol, and literature

Study sample analysis report

® Summary ol the study sample analysis

# [nformation on the reference standards

® Information on the blank matrices

@ [nformation on receipt and storage of study samples

® Information on the critical reagants _

® Analytical method (including description related to the MRD)

@ Parameters, acceptance criteria, and results of the validity evaluation
@ Results and discussion of study sample analysis
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® Erjecicd uns togelher with the reason for rejection

® [nformation on reanalysis

® Devietions from the protocal and/or SOP, along with impact on study resulis
@ [nformation on reference study, protocol, and literature
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Human Clivical Trials und Marketing Authorization for Pharmaceuticals (ICH
M3(EL))" PFSB/ELD Motification No. 0219-1 dated Febroary 19, 2010.
Reparding the "Note for Guidance on Toxicokinetics: The Assessment of
Systemic [ixposure in Toxicity Studies" PAB/ELD Notification No. 443 dated
July 2, 1996,

Regarding the "Guideline on Nonclinical l‘hzu'mamkmeﬁm“ PNSTR/TID
NottAcation Na. 496 dated June 26, 1998,

Regarding "Partial Revision of the Guideline an Bicequnvalence Studies for
Gencric Pharmaceuticals, ete.” PISIVELD Notification Na. 0229-10 dated
February 2%, 2012,

Regarding Revision of the "Questions and Answers (Q &A) Concerning the
Guideline on Bicequivalence Studies [or Generic Pharmaceuticals" Office
Communication dated February 29, 2012.

"MNote on Clinical Pharmacokinetic Studies of Pharmaceuticals” ete. PESB/ELD
Notification No. 796 dated Junc 1, 2001.

CUS FDA: Guidanee for Industry, Bioanalytical Method Validation, U.S.

Department of Health and Human Services, FDA, Center for Drug Evaluation
and Research, Center for Veterinary Medicine (2001).

10) EMA: Guideline on bioanalytical method validation,

EMEA/CHMPEWE/192217/2009, Committes for Medicirial Pmdum,&. for
Framan [Tse (200113,
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Glossary

Acenracy: The degree of claseness of' a concentration determined by the method 1o the
theorctical concentration. Accuracy is expressed as a percentape relative o (he theoretical
conceration. )

Accuracy (%) = (Measured concentration/Theorelical concentration) = 100.

Analysis: A series of analytical procedures from sample dihirtion to measurement on an
analytical instrument,

Analyte: A specific compound being analyzed. K can be a drug, hiomalecule or its
denivative, metabolite, and/or degradation product in a sample.

Analytical run: A set of samples comprising cal:bration standards, QC samples, and
study samples. Usually, a set of samples is prepared without interruption in Ume by a
single amalyst with the same reagents under the samc conditions, and subsequently
analyzed in & single plate as a single analytical run.

Anchor peini: Samples scl al concenirations below the I_;LDQ or above the ULOQ of
the calibration curve and analyzed concurrently with calibration standards to improve
curve fitting.
Assay variability: The degree of difference botween the duplicate concentmaiions
determined for a single sample. The diffirence is expressed as a percentage relalive to
the mean of the two.
Assay variability (%) = [(Concentration in comparative analysis - Concentration
in referance analysiz) / Mecan of the two] = 100,

Binding reagent: A reagent that directly binds to the analyte in LBA-based
bioanalytical methods.

Blank sample: A matrix sample that is analyzed without analyle addition.

Calibration curve: Presentation of the relationship befween concentration and
response for an analyte. A calihration curve is generated with at least 6 conceniration
levels of calibration standaids, including LLOQ and ULCQ samples, as well as a blank
sample. Anchor points may be added outside the calibration range.

Calibration standard: A sample spiked with the analyte of interest to a known
concentration, which is used to generste calibration curves, Calibration standards are
uszed to generate calibration curves, from which the concentralions of the znalvte in QC
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samples and study samples are determined.

Carry-over: An alteration ¢f the measured conceniralion due to a residual analvie in
the apalyiical insrumeni used.

Critical reagent: A reagent that has a direct impact on the results of an LBA-based
bioanatytical method, an exampie being binding reagents (e.g., unlabeled or labeled
anlibodics).

Cross validation: A validation conducted when data are generated in multiple
laboratories within a study or when comparing analytical methods vsed in different
studies. Cross validation is performed aller a [ull or parlial validation.

Cross-reactivity: Interaction of the binding reagent with components other than the
analyte.

Cross-talk: An alteration of a measured concentration due to leak of fluorescence or
luminescence to adjacent wells in platc-based assay.

Dilutional linearity: A parameter demonstrating that the method can appropriately
analyze samples sl @ concentration exceeding the ULOQ of the calibration curve
withoui influence of hook effect or prozone effeet and that these measured
concenlrations are nol alfected by dilution within the calibration range.

Full validatian: A validation that evaluates a tull panel of performance parameters, i.e.,
specificily, selectivity, calibration curve, accuracy, precision, dilutional lincanty, and
stability. A full validation is usua].l} performed when establishing a new bivanalytical
method.

Hook cffect: Suppression of response due to very high concentrations of a particular
analytc. Precautions should be taken when the hook eftect is expected, because
samples at a concentration exceeding the ULOG of calibration eurve may falsely
produce results helow the npner limit of the calibration range. A hook effect mav oceur
in LBAs that wtilize a liquid-phase reaction step for incubating the binding' reagents
wilh Lhe analyte.

Incurred sample: A-study sample that is ohtained [tom a subject or animal dosed with
an active study dmg.

Incurred sample reanalysis (ISR): Reanalysis of a portion of the incurrad samples in
separate analytical runs on different days to determine whether the original analytical
results are reproducible.
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. Interfering substance: A substance that is present in the matrix that may affect
interaction betwecn the binding reagent and the analyte.

Ligand binding assay: A method o analyze an analvie of interest using rearents that
specifically bind o the analyle. The antigen-antibody reaction is utilized in the
majority of ligand birding assays. The analytc is detected using reagents laheled with
e.2., an enzyme, radioisotope, fluorophore, or chromophore, Reactions are carried ot
in 96-well microtiler plates, test tubes, disks, etc.

Lower limit of guantifivation (LLOQ): The lowest concentration of anmalyte in a
sample at which the analyts can be quantified with reliable accuracy and precision.

Matrix: Whole blood, plasma, sé.rum, urine, or other biological [uid or lissue selecied
for analysis. A matrix not containing sxopenous chemicals (exvept anficoagulan:) and
their metabolites is called a blank matrix.

Minimum required dilntion (MRD): A dilution factor where biclogical samples are
,diluted with buffer solution for the analysis by .BAs. The MRD) may not necessarily
be the ultimate minimum diluticn but should he identical for all samples including
calibration standards and QU samples.

Partial validation: A validation performed when minor changes arc made to an
analytical method that has already been fully validated. A sct of parameters to he
cvaluated in a partial validation should be determined according to the extent and
nature of the changes made to the method. It can range from as little as accuracy and
precision cvaluation in a day to a nearly tull validation.

Precision: The degree of closeness belween individual concentrations detcrmined in
repeaied measurements. Precision is expressed as the cocfficient of variation ((OV) or
the relative standard deviation {R5D) in percentage.

Precision (%) = {Standard deviaion/Mean) = 100,
Prozome: Suppression of response due to very high concentrations of a particular

amalyte. This is the same phenomenon as the hook effect.

Quality eontrol (QC) sample: A sample spiked with the analyte of interest ‘o a known
comcentration used to assess the reliability of an analytical method. In analytical nms,
QC samples are analyzed to assess the validily of the dnalymcal method used for
calibration curve and study sample analysis.

Quantification range: The range of concentration of analyte in which the analyte can
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be quantified with reliable accuracy and precision. The quantification range of a
bioanalytical method is ensured by the range of calibration curve {calibration range)
and the dilational linearity,

Reanalysis: Repetition of a serigs of analytical pm{:aduras from the dilution step to
final analysis on samples that have been analyzed once.

Reference stamdard: A compound used as the standard in quantifying an analyte
mdinly used Lo prepare calibration standards and QC samples.

IRRespomse variable: A rasponse obtained trom ihe detector of the analytical instrument,
In LBAs, response is generally inonired by a spectroscopic technique, which
converts the response into an elecldcal signal, such as absorbance or luminescent
intensity.

Seleetivity: The ability of an analytical method to detect and differentiute the analyte
in the presence of other componcnts in biological samples.

Specificity: The ability of an anslytical méthod to detect and differentizte the analyte
from its related substances. In LBAs, it is largely dependent on the properties of
binding reagents.

Stubilify: The chernival or biological stability of an analyte in a given solvent or
malrix under specilic conditions over given tme intervals. Analyte stability is
evaluated at each step to ensure that the analyte concentration is not affected by the
samples move through each step of the process from sample collection to final
analysis.

Stock solution: A pon-mafrix selution of reference material at the highest
conceniralion prepared in an appropriate solvent, :

Study sample: A biclogical specimen that is obtained from a foxicokinetic study or
clinical trial for binanalysis.

Surrogate matrix: A matrix used as an altcmative to a matrix of limited availability
{c.g., tissue, ceorcbrospinal fluid, bile). Surrogate matrix may also be used as an
allernative to a matrix that contains endogenous substances that have ithe same
structure to the analyte.

Total error: Sum of the absolutc value of the relative error (.., accuracy minus
100%) and precision
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Upper limit of quantification (ULOQ): The highest concentration of analyte in a
sample at which the analy(e van be quantified with reliable accuracy snd precision.

Validation: Demonstration of adequate. reproducibility and reliability o an analytical
method through various cvaluations.

Working solution: A non-matrix solution preparcd by diluting the stock solution in an
appropriate solvent. It is mainly added to matrix to prepare calibration standards and
QC samples. '






DHEs 2

Questions and Answers (Q&A) for the Guideline vn Biosnalytical Method (Ligand

Binding Assay) Validation in Pharmaceatical Development

<<Scoper>

QL.

Al

[s [his guidcline applicable (o a drug having an amino acid sequence identical to
an endogenous substance? :

Yes, this gnideline is applicable. However, selection of a blenk matrix requires
special precaubons, such as the use of & surrogate mateix or a malrix thal has
been depleted of the erdogenous substance concerned (see Q&A No. 9 and No.
13}. Same precautions should be taken for a drug which is indistinguishable by
ligand binding assay (LBA) from the endogenous substance.

< Reference Standard=>

Qz.

AZ.

Q4.

Ad.

What procedures should be followed if the expiration date for the reference
slundard i3 vel o be eslablished?

If the expiration date of the reference standard cannot be establtshcd, quality of
the reference standard should be ensured by other eppropriatc means, such as
selting a re-test date a prieri.

What procedurezs should be followed in renewing the reference standard 1ot?

Confirm comparability of the curent and new reference standard lots by
reterring to the relevant Certificate of Analysis (CoA), or any sppropriate
decumentation. If no information regarding the lot comparability is available
from the CoA or other relevant documentation, it should be confirmed by an
LBA.

Does the refersnce standard lot have fo be the same as the drug substance lat
used for dosing in the non-clinical or chinical studies?

Any lot may be used as the reference standard as long as it conforms to the same
quality speciticalions bascd on information available from a CoA or other
appropriate document. In an early stage of non-clinical studies where a quality
specifications for a standard material are yet to be established, it is preferable that
the reference standard lot is the same as the drug substance lot used for desing in
the non-clinical swadies; if this is not the cage, the lot comparability has to be
confirmed by an LBA.



<<frull validation=>

(5. What is the difference belween the MRD and sample dilution stated in the
dilutional linzarity section?

A5, The MRD is a dilution factor where samples arc diluted with buffer solution to
reduce the malnx effect on the analysis: an identical MRD should be applied to
all samples, imchiding calibration standards and (C samples. {(In the other hand,
sample dilulion is & procedure where samples with high analyte concentrations
arz diluted with blank mainx or diluted blank matrix te bring the analyle
cancentration within the calibration range.

6. When a sample i3 analyzed in two or morc wells and when there is a large
varialion in {heir respenses or determined concentrations, what procedures zhould
be followed?

Af. Specify bandling procedurcs for dala with a large variation a priori in the
protocol or standard operating procedure (SOPY. Such a variation will
compromisc the data’s reliability.

<<Speeificity>>

Q7. Ts there any case where specificity evaluation is not IECEssary?

A7, Specthicity 1s important information for analytical data interpretation. In an LBA,

: specificity is dependent on the reactivity of the binding reagent. Therefore, if the
characteristics of the binding reagent are well kriown [rom ils development phase,
it may not be necessary to repeat the specificity test in validation.

<<Selectivity>>

Q8. Should the use of disease-derived, hemolyzed, or lipemic matrix be necessary? -

AB.  H such a factor is likely to affcet the assay systcm, consider using a relevant
matrix, alihough this is not mandatory.

<=Calibration curve>>

(9. What should be used as a blank matrix in analysis of a drug having an amino acid
sequence jdentical 0 an endogenous substance?

AS. I the presence of the endogenous substance is anticipated in the study sample

matrix, a surrogatc matnx or a matrix that has heen depleted of the endogenous
substance can be used. When such matrices are used, their validity should be
shoram.
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<=Accuracy and precision=>

Q19.

AlQ.

Qn_

All,

QI2.
Al2,

TFor QC samples, it is stated that “the mid-level is in the midrange on the
calibralion curve, and Lhe high-level nseds to be at least one-third of the upper
limit ot quantitication {LJT.O}) of the calibration cwrve.” Please spevily how to
set these concentration levels.

The mid-level, in the midrange on the calibration curvefcalibration range,
generally means a level near the geometric mean of the ULOQ und the lower
limit of quantification (LLOQ); a level adjacent to the arithmetic mean may be
used for a more balaneed QC sample distribution. The high-level, at lcast
one-third of the ULOQ of the calibration curve, 1s intended to equally distribute
QC samples within e runge of 4 calibration curve where the nomina! analyte
conecntrations are platted on a loga-ithmic seale, . A level aromnd 75% of the
ULOQ may be used dcpending on the overalt balance of the QC sample
distribution. :

Horwr shonld the nmber of replicates be sef in each analyticz] run when assessing
the accuracy and precision?

When calculating withinnun aceuracy and precision, at least triplicate analyscs
{n=3) per analytical mm are required. When caleulating between-run accuracy
and precision, a single analysis per amalytical run would b: accepted. An
alternative method, such as analysis of variance (ANOVA), is also accepied.
When using ANOVA, at least duplicate analyses are set per analyiical nun to
£valuate accuracy and precision,

Wy is a tatal error required?

Ths absolute value of the relative error (i.c., accuracy minus 100%) represents
the systematic error and precision roflects the random error, Dvaluation of the
tolal emor allows early elimination of an analytical method having & large
variation thet could compromisc data refiability (DeSilva et al, Pharm. Res,
2003). Allaough the acceptance criteria in accuracy and precision for LBA are set
wider than those tor chromatography/small molecules, it is anticipated that, by
evaluating the total error, a LBA-based analytical method whose accuracy and
precision are both on the odge of acceptability can be elimninalzd; this should
ensure the reliability of the analvtical results obtained.

Q135. What are the points to consider in assessing accuracy for the analysis of a drug

having an amino acid sequence identical to an endogenous substance?

A13. Use a surrogate matrix or a matrix that has been depleted of the endagenous

substance, Alternatively, determine the concentration of the endogenous
substance in the blank sample and calculate the accuracy using one of the
following fommulas.



Ieasured concentration of drug in samplz

Aceuracy (%)= = 100

Comne. of endogenous substance + Cone. of reference standard

Measnred cong. of drug in sample — Conc. of endogenous substance

Accuracy (Yo} = » 100

Conzentration of reference Stﬁlldﬁrd

“=ilutional linearity=>

Q14
Ald,

What is the difference between dilutiomal lingarity and dilutton integrity?

Dilution mtegrity is tested to confirm that the dilution srocedwe has no impaci
on the measured concentraiion, while diluticnal linearity js tested to confirm not
only dilution integrity, but also the absence or prescnce of a hook effect or
ProzZane.

<= Cross validation=>=

Q1s.

Al3,

What is the rationale for setting the acceptance criieria as “thc mean accuracy at
gach lavel should be within ~=30% devialion of lhe theoretical concentration, in

principle™?

The guideline requires the mean accuracy fo be within £20% deviation of thc
theoretical concentralion for analytical method wvalidation, The acceptance
criterion was relaxed to 30% for cross validation to accommodate additional

- factars, ie., intra- and inter-laboratory precision. When study samples within a

single study are to be znalyzed at multiple laboratories, measures should be taken
o minimize inler-laboratory variation in study sample analyses, such as by
defining criteria for handling of study samples and reference standards i the
relevanl protocol or SOP, sepurats from the analytical method validation.

<. Study sample snalysis >>

Q16.
Al6.

Q17.
Al7.

Should a calibration eurve analysis be required for each plate?

In principle, each plate should contain a set of calibration standards. If, however,
assay inlegrily is demonstrated during the validation process, it is also acceptable
to apply a single cahbration standard set to multiple plates as far as cach plate
contains a set of (C samples.

Is it not necessary to evalvate parallelism?

Parallelism is defined as an established parallel relationship between a
dose-response curve from a study semple dilution series and a curve from a
calibration standard serics, with no difference .among back-calculated



conecntrations for multiple dilutions of a study sample. As of the issuance of this
guideline, domestic and international knowledge has neither accumulated nor
discussion yet matured regarding cases in which parallelism was not established,
causes for failing to establish parallelism, and the extent of impact the failure
might have on phammaceutical development. Therefore, evaluation of parallelism
is not necessarily required for all analytical methads. However, 17 parallelism is
an intrinsic issuc for an LBA-based bioanalytical method and is likely o cause a
problem based on the nature of the analyte or mcthod or data accumulated in the
course of pharmaceulical development, scientifically valid evaluation and
assessment of the impact on measured concentrations should be considered (o the
exlent possible.,

<xQC samples in study sample analysis™=>

QI8.

AlS.

What should be censidered in the arrangement of calibration standards and QC
samples within a plate?

It may sometimes occur that a cerfain patlem is inevilably seen in the assay
results due to sample arrangement within a plate (e.g., edge ¢ffect); in such cases
measures should be taken to mitigate the impact on the analysis results. Measures
include the arrangement o3 calibration standards, QC samples, and study samples
on a plate and the number of replicates for each sample prepared.

<SR

Q19.
Al9.

Q20.

Huw should 1 perform ISR in toxicokinetic studies?

In a GLP loxicokinetic study, ISR should be performed once per matrix for each
animal species. If an analytical method is modified or analysis is performed in a
dillerent laboratory, ISR shuuld be performed again.

In eddition, ISR can be performed during a bioanalytical method validation using
study samples obtained from a non-GLP siudy such as a dose-finding siudy
performed before a GLP toxicokinetic study. In this case, the study design,
including dose and regimen, should be comparable to that of the GLP study.

How showid I perform ISR in clinical irials?

. [SR should be performed in representative clinical trials whose pharmacokinetic

data as a primary endpoint. To evealuate the validity of an analytical method in an
early stage, ISR should be performed as early as possible in the process of
pharmaceuiical development.

In a clinical trial with a different population of subjects with altered matrix
composition, ISR should be performed again. In a bioequivalence study which
serves pharmacokinelic data as the primary endpoint, ISR should be performed in
the study. '



Q21. If study samples abtained from clinical frials arc alrcady available at the time of

analytical inethod validation, can I use the samples for ISR?

A21. 1T you have already oblained siudy samples from a clinical trial at the time of

Q22.

A22,

Q23.
A23.

024.

analytical method validation, you can wse the samples for ISR, For example, a
mctabolite is added to the analyte(s), or reanalysis is performed with an improved
analytical method after a failure to meet ISR acceptance criteria. Towever, wm
informed consent must be obtained from each subject who provides the study
samples. The procedures o' ISR and relaled ifems should be predefined.

Il overall resulls meet the ISR acceptance criteria, but the assay variability of a
specific sampie cxeceds the threshold of 130%, is it required to reanalyze the
sampies to correct first value? '

ISR is intended to confirm the validity of an analytical method using study
samples. Therefore, reanalysis of individual study samples is not required o
cotrect the first value, even though the assay variability cxeceds the threshold of
+30% when overall result meets the ISR acceptance crileria.

Where in a report is appropriate to provide ISR resul1s?

When the ISR is performed in the study sample analysis, ISR results should be
reported in a study sample analytical report to prove the validity of an analytical
method. When the ISR is perfonned in the analylical method validation, ISR
results should be reported in a validation report.

In non-clinical studies, it is often the casc that the sample volume is not sufficient
for ISR evalugiion. Whal procedures should be followed in that case?

A24, The study plan should always assume ISR, even in non-¢linical studies. Even if the

velume becomes insufficient in some samples due to reanalysis or for other
reasons, ISR .can still be performed, for example, by using samples from other
time poirts. 1SR may also be performed by untilizing samples from a preliminary
study in which samples were collected under comparable conditiens. In any case,
even in non-clinical smudies, every practical elfort should be made to evaluate the
reproducibility of the measured concentrations by [SE.,

<= Critical rcagents >>

()25.
A25.

Shoud an exyiration date be established for critical reagents?

Fxpiration date 15 no! necessarily required for a critical reagent, as long as the
quality is ensured by evaluation of data from calibration standards and QC
samples during the period the reagent is used.



