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INTRODUCTION

Eicanalysis, employed for the gunantratve determimation
of dmgs and their metabolites in biological fiuids, plays a
significant role in the evaluation and interpretation of
bioequivalence, pharmacokinetc (PE), and towicokinetic
smudies. The quality of these sudies, which are often used o
support regulatory filings, is directly related 1o the quality of
the underlying biosnalytical data. I is important
that gniding principles for the validation of these analvical
methods be established and disseminated to the pharmacen-
tical comrmnity,

The first American Association of Pharmacenrical Scientists
(AAPS)Food and Drug Adminisration (FDA) Bioanalyti-
cal Workshop in 1990 forused on key issues relevant o
bioanalytical methodology and provided a plarform for
scientific discussions and deliberations. The workshop and
the report! raised swareness of the nead for validated bican-
alyiical methods for the regulatory acceptance of bioequiva-
lence and pharmmacokivetic data. Although the weorkshop
addressed bioanalysis in general, it ackvnowledzed the dif-
ferences bemween chromatographic and ligand binding (non-
chromatographic based) methods. The workshop identified
the essennal paramefers for bicanalyvtical method valida-
tion, ie, accuracy, precision, selectivity, sensidvity, repro-
ducibility, limit of detection, and stabiliry. The cutcome of
the first workshop and its report resulted in improved qual-
ity of data submissions to regulatory agencies.
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Lane, Alexandria, WA 22300 Tel: 703-360-8418;
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Following the first workshop repert’! and the empariance
zained ar the FDA, the draft Guidance on Bioanalytical
Methods Validation was issued by the FDA in January 1929,
This draft guidance provided stimulus and epportuniry for
further discussion at the Ind AAPSFDA Bioanalytical
Workshop in Tanuary 2000. In addidon, newer techuolozy,
such as chromatography coupled to tandem mass specirom-
etry (LC-MS/MS), was discussed zlong with sn update on
ligand-bindmz aszays. This workshop resulted in 2 repaort
“Biganalyncal Method Validation—aA Fevisit with a Decade
of Progress™? and formed the basis for the FDA Guidance
on Bioanalytical Methods Validation in May 20017

The evolution of divergent analyiical technologias for con-
wventtonal small moleculss and macromolecules, and the
growth in marketing interest m macromolecular therapies,
led to the workshop held m 2000 to specifically discuss bio-
analytical methods validstion for macromolecules. Bacause
of the complexity of the issues, the workshop failed to
achieve 3 consensus. To address the nead for guiding princi-
ples for the validatton of bioanalytical methods for macro-
molecules, the AAPS Ligand-Binding Assay Bioanalytical
Foous Group developed and published recommendations
for the development and validation of igand-binding aszays
n 20034

Az bioanalyrical tools and rechnigues have continued to
evolve and significant scientific and regulatory experisnce
has been gained, the bicanalydcal community has contin-
ued it crifical review of the scope, applicability, and suc-
cess of the presently employed bioapalytical guiding
principles. The purpose of this 3rd AAPS FDA Eioanalvii-
cal Workshop was to identify, review, and evaluate the axist-
ing practices, white papers, and amicles and clarify the FDA
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for the relevant peniod, the stability should be docummented. After completon of the
desired storage time, the stability should be tested by comparmg the instrument
response with that of freshly prepared solutions.

3. Post-Preparative Stability

The stability of processed samples, melndmg the resident tome m the autosampler, should
be determined. The stability of the drug and the mtemnal standard should be assessed
over the anticipated nm Gme for the batch size in validation samples by detenmining
concentrations on the basis of original calibration standards.

Although the traditional approach of comparmg analytical results for stored samples with
those for freshly prepared samples has been referred to in this puidance, other statistical
approaches based on confidence s for evaluation of an analytess stability Ina
biclegical matix can be used. SOPs should clearly describe the statstical method and
rules nsed. Additonal validation may inchude mvestdzation of samples from dosed
subjects.

E. Principles of Bioanalytical Method Validation and Establishment

The fundamental parameters to ensure the acceptability of the performance of a
bioanalytical method validation are accuracy, precision, selectvity, sensifivity,

A specific, detatled desenption of the bicanalyical method should be written. This can be
the form of a protocol, study plan, report, and'or SOP.

Each step in the method should be investigated to determine the extent to which
envirsnmental, matx, material, or procedural vanables can affect the estimation of anakyte
in the matrx from the tme of collection of the matenal up to and nchdng the wme of
analysis.

[t may be important to consider the variability of the matrix due to the physiclogical naure
of the zample. In the case of LC-MS5-M3-based procedures, appropnate steps should be
taken to ensure the lack of mamx effects throughout the apphication of the method,

especially 1f the nature of the matrix changes from the matrix used during method validatien

A bioanalydcal method should be validated for the intended use or applicagon. All
expermments used to make clams or draw conchisions about the validity of the method
should be presented in a report (method validation report).

Fundamentals

Method Document

Integrity, entire lifecycle

Matrix effects

Validation report




Whenever possible, the same biclogical matx as the matix in the intended samples should
be used for validation purposes. (For fissues of limited availability, such as bone marrow,
physiologieally appropnate proxy matrices can be substiuted.)

The stability of the analyte (drug and/or metabolite] in the mamx durng the collection
process and the sample storage penod should be assessed, preferably prior to sample
analysis.

For compounds with potentially labile metabolites, the stability of analyte in matmx from
dosed subjects (or species) should be confirmed.

The accuracy. precision, reproducibility, response fimetion, and selectvity of the methed for
endogenous substances, metabolites, and knovwn degradation products should be
establizhed for the biclogical matrix. For selectivity, there should be evidence that the
substance being quantified is the intended analyte.

The concentrafion range over which the analyte will be determmed should be defined m the
bloanalytcal methed, based on evaluation of actual standard samples over the range,
imchiding their stanstical vanaton. This defines the standard curve.

A sufficient mumber of standards should be used to adequately define the reladonship
between concentration and response. The relationship between response and concentration
should be demonsrated to be confumous and reproducible. The mumber of standards used
should be a fimetion of the dynamic rangs and nature of the concentration-response
relationship. In many cases, six to elght concenrations (exchiding blank values) can define
the standard curve. Maore standard concentrations may be recommended for nonlinear than
for lmear rzlahonships.

The abality to dibate samples engmally above the upper limit of the standard curve should be
demonstrated by accuracy and precision parameters m the validaton.

In consideration of high throughpnt analyses, inchuding but not lnited to nultplexing,
nltcolumen, and paralle] systems, sufficient QU samples should be nsed to ensure contral
of the assay. The mumber of QU samples to ensure proper conmol of the assay should be
determined based on the nm size. The placement of QC samples should be judiciously
considered i the .

For a bicanalytical method to be considered vahd, specific acceptance criteria should be set
in advance and achieved for accuracy and precizien for the validation of QU samples over
the range of the standards.

Same matrix (proxy?)

Stability during collection, pric
if possible

Labile metabolites

Still specific when endog’s an«
metab’s?

Curve pre-defined, appropriat
to samples?

STDs, 6 — 8, blanks, zero

Dilution test

QCs, judicious, H, M, L

STDS;"QCs, a-priori criteria



. Specific Recommendations for Method Validation

The matriz-based standard curve should consist of a muinimum of six standard points,
excludmg blanks, using single or replicate samples. The standard curve should cover the
entire range of expectad concentrations.

Standard curve fittmg is determimed by applying the smplest model that adequately
descnbes the concenTation-response relationship using appropnate weighting and statistical
tests for poodness af fit.

LLOG is the lowest concentration of the standard curve that can be measured with
acceptable acowracy and precision. The LLOCQ) should be established using at least five
samples independent of standards and determining the coefficient of variation and'or
appropriate confidence mterval The LLOC) should serve as the lowest concentration on
the standard curve and should not be confused with the linut of detection and/or the low QC
sample. The highest standard will define the npper lnut of quanfificaton (ULOQ) of mm
analytical method.

For validanion of the bicanalytcal method, accuracy and precision should be deternuned
nsing & mommum of five determinations per concentradon level (exchydmg blank samples).
The mean vahue should be withm £15% of the thecretical value, except at LLOQ, where it
should not deviate by more than £20%. The precision arcund the mean value should not
exceed 15% of the CV, except for LLOQ), where 1t should not exceed 20% of the CV.
Other methods of assessing accuracy and precision that meet these limits may be equally
acceptable.

The accuracy and precision with which known concentrations of analyte m biological matrix
can be detemimed should be demonsirated.  This can be accomplished by analysis of
replicate sets of analyte samples of known concentrations = QC samples = from an
equivalent biclogcal mamx. At a mmimum, three concenrafions representing the enire
range of the standard curve should be studied: one withm 3x the lower limit of quantification
(LLOGQ) (low QC sample), one near the center (nmddle QC), and cne near the upper
boundary of the standard curve (high GC).

Eeported methed validation data and the determination of accuracy and precision should
inchade all outliers; however, caleulations of accuracy and precision excludme values that are
statstically determined as outhiers can also be reported.

The stability of the analyte n biological matrix at intended storage temperatures should be
established. The influence of freeze-thaw cycles (a numimum of three cycles at two
concenations i mpheate) should be studied.

1o

~ Curve min 6 points (daily)

Simplest model, statistically
justify (residuals)

LLOQ, test 5x, top STD = ULOQ

Test 5x, acc and prec £ 15%
(LLOQ, £ 25% )

QCs, L, M, H (3x LLOQ, mid, 75%
of ULOQ)

All values in calc’s, can report
without outliers (option)

Matrix stability studies



Stability Studies cont.

The stability of the analyte in maTix at ambient temperanire should be evaluated over a dme
penod equal o the typical sample preparation, sample handling, and analyiical nun tomes.

Feinjecton reproductbality should be evalnated to determune if an analytical nm could be
reanalyzed in the case of mstrment failure,

Re-inject if inst, stoppage

The specifictty of the assay methodology should be establizhed nsmg a mommmm of six

independent sources of the same mamix. For hyphenated mass spectrometry-based

metheds, however, testing six independent mamices for mierference may not be mportant. 3

In the case of LC-MS and LC-MS-MS-based procedures, matrix effects should be Matrix effects (n = 6)
investigated to ensure that precision, selectivity, and sensitivity will not be compronused.

Method selectivity should be evaluzted during method development and throughont method

validatdon and can contmme threughout application of the methed to actual smdy samples.

AcceptanceTejection criteria for spiked, matrx-based calibration standards and validation A = A =
QC samples shounld be based on the nomunal (theoretical) concentration of analyzes. A prl ori crlterl a
Specific eriteria can be set up In advance and achieved for accuracy and precision over the

range of the standards, if so desired
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INTRODUCTION

Bicanalysis, employed for the guantmdve detzrnimation
of drugs and their metabolites in biological fwids, plays a2
significant role in the evaluaton and inrerpretarion of
bioequivalence, pharmacokinenc (PE), and toxicokinetic
studies. The quality of these smdies, which are often uzed w
support regulatory filings, is directly relatad to the quality of
the vmderlying bicanalytical dara. It is therefors imporfant
thar guiding principles for the validaton of these analyrical
methods be established and disseminated to the pharmaceu-
tical comrmmniry.

The first American Association of Pharmaceuncal Scisntsts
(AAPS)Food and Drug Adminismaton (FDA) Bioanalyti-
cal Workshop in 1990 fecused on key issues relevant m
bioanalytical methodology and provided a platform for
scientific discussions and deliveranons. The workshop and
the report! raised awareness of the need for validated bican-
alviical methods for the regulatory acceptance of bicequiva-
lence and phammacekivetic data. Although the workshop
addreszed bioapalysis in general, it acknowledzed the dif-
ferences berween chromatographic and ligand binding (noon-
chromatographic based) methods. The workshop identified
the essennal parameters for bicanalytical method valida-
tion, ie, accuracy, pracision, salectivi ELSIOVILY, TEpro-
ducibiliny, limir of detection, and stabi

the first workshop and its repert resulted in improved qual-
ity of dama submissions ro regulatory agancies.

Following the first workshop repert! and the experisnce
zained ar the FDA, the draft Guidance on Bioanalyrcal
Dlethods Validation was issned by the FDMA in JTanuary 1998,
This draft smdance provided stimulus and opporumicy for
further discussion at the Ind AAPS/FDA Bioanalytcal
Workshop in JTaouary 2000. In addinon. newer rechuologzy,
such a5 chromatography coupled to tandem mass specirom-
ey (LC-MS/MS), was discussed along with an update on
ligand-bindmg assays. This workshop resulted in a report
“Bicanalyucal Method Validation—A Fevisit with a Decade
of Progress”? and formed the Basis for the FDA Guidance
on Bipanalytical Methods Validation in May 20017

The evolution of divergent analyiical technologies for con-
wventionzl small moleculss snd macromeolecules, and the
growth in markering mrerest in macromelacular tharspies
led o the workshop beld m 2000 10 specifically discuss bio-
analytical methods validation for macromalecnles. Bacause
of the complexity of the issues, the workshop failed o
achieve a consensus. To address the pead for guiding princi-
ples for the validation of bioanalytical methods for macro-
molecules, the AAPS Ligand-Binding Assay Bioanalyrical
Foous Group developed and published recommendations
for the development and validation of ligand-binding assays
m k

As bioanalytcal teols and rechnigues have continued o
evolve and significant scientific and regulatory experisnc

hzs been gained, the bicanzlytical community bhas contin
ued irs crifical review of the scope, applicability, and suc-
cass of the presently employed bioapalydcal guiding
principles. The purpose of this 3rd AAPS/FDA Bicanalyi-
cal Workshop was to ideatify, review, and evaluate the axist-
ing practices, white papers, and articles and clarify the FDA
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A strategy for a post-method-validation use of incurred
biological samples for establishing the acceptability of a
liquid chromatography/tandem mass-spectrometric
method for quantitation of drugs in biological samples

Mohammed Jemal®, Zheng Ouyang and Mark L. Powell
Clinizal Discavery anaylical Schances, Erlsic-hyars Squlbb Pharmacaulical Resaarch Institul, P.O. Bax 161, Naw Branswick, N

Hooived 4 Jurw 300% Rovisad 8 Juw 2002 Accoptad 15 [ 2002

Validated liguid ¢ hromatogra phy/ftandem mass spectromet ric (LOMSMS ) metheds are now widely
wsed for quantitation of drugs in post-dese (incwrred) biological samples for the assessment of
pharmacokinetic parameters, bisavailability and biseguivalence. In accordance with the practice
currently accepted within the phamaceutical industry and the regulstory bodies, validation of a
bisanalytical LCMSMS method is pedfonmed using standards and quality contol | samples
prepared by spiking the dnag (the analyte) into the sppropriate blank bislogical matrix (g human
plasma). The method is then declared to be adequately validated for analyzing i ncumed bislogical
samples. However, unlike OC samples, incurred samples may contain an epimer or another type of
isoamer of the drug such as 3 Z or E isomer. Such a metabalite will obviously interfers with the
selected resction menitoring (SEM) transition used for the quantitation of the drag. The incurred
sample may also contain a non-iscmeric metabolite having a molecular mass different from that of
the drug [such an scyvlglucunmide metabolite) that can still contribute to (and hence interfere with)
the SRM transition used for the quantitstion of the drug. The potential for the SRM intederence
imcreases with the use of LOME/MS bisanalytical methe ds with very short run times feg. 0.5 min).
In addition, a metabolite can potentially underge degradation or comversion to revert back to the
drug during the multiple steps of sample preparation that precede the introduction of the processed
sample into the LEMS ystem. In this paper, we recommend a set of procedures to undertake
with incumed samples, as soonas such samples are available, in order to establish the validity of an
LC/MEMS method for analyzi eal-life samples. First, it is recommended that the stability of
incurred samples be investigated * nd after sample prepar. . Second, recommended that
potential SRM interference be investigated by analyzing the incumed samples wsing the same
LC/MSYMS method but with the additional incorporation of the SRM transitions atributable to
putative metabolites (multi-SEM method). The metabolites monitored will depend on the expected
metabolic products of the drug, which are predictable based on the functional groups present inthe
chemical structure of the drug. Third, it is recommended that potential SEM interference be further
investigated by analvzing the incwrred samples using the multi-SRM LOMSMS methoed following
the medification of chromatographic conditions to enhance chromatographic separation of the drug
froam any putative metabolites. We will demonstrate the application of the proposed strategy by
using a carbouy lic acid containing drnug candidate and its acylglucuromide as a putative metabolite.
Plasma samples from the first-ineman (FIM) study of the drug candidate were used s the incurred
samples. Copyright &5 2002 John Wiley & Sons, Lid.

The high-throsghput approaches cumently adopted
drugy discovery and development in phammacestical com-
penies have memilted in an incessed mumber of dug

“Correspmdence b0 M. Jemal Chnical Discovery Amalytical
Sciences, Brsnl-Myers Squith Pharmaceutical Fesearch Inst-
T 191, New Brunswick, N (89030191, USA.
- mohammed. pmalbrs com

caradidates. To met fe incressed mamber of samples for
fasttumaround  analysis, bimnalytial chemists  have
adopted fhe technigue of liquid chromatography coupled
with atmospheric pressure jonization (AP tandem mass
spectrometry [LO WS/ e the techmique of choioe for
quantita fing smallmolecule drsgs, metabelites and endo-
sz biomalecdles in Hological matrices [plasma, senam,
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