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(Large M

Bioanalytical Metho
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2000: Macromolecule Workshop #p
• More differences than sim

2000: AAPS Ligand Binding Assayg g y

2001: FDA Guidance
• Small molecule focus with
• Does this pertain to macr
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od Validation History
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od Validation History
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#1
milarities

y Bioanalytical Focus Groupy y p

h a touch of immunoassay
omolecules? 
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Bioanalytical Metho
(Large M

Bioanalytical Metho
(Large M

2001: Macromolecule Workshop
• Consensus or controver

2003: Macromolecule Workshop
• Presented AAPS BMV S
• General Consensus

2003: AAPS BMV Subteam white
• Recommendation for us

from the validation expe
run acceptance criteria vp

DeSilva, B., Smith, W., Weiner, R., e
Bioanalytical Method Validation of Li

Bristol-Myers Squibb Company

y
Assessments of Macromolecules. P

od Validation History
Molecule)
od Validation History
Molecule)

 #1 Report
rsy?y

 #2
Subteam recommendations

e paper published
se of a Total Error approach. Data 
eriments used for setting in-study 
versus using a priori criteria.g p

et al. Recommendations for the 
igand-Binding Assays to Support PK 
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Bioanalytical Metho
(Large M

Bioanalytical Metho
(Large M

2006: Bioanalytical (Crystal City)2006: Bioanalytical (Crystal City)
• Focus broadened to incl

2007: Bioanalytical Workshop #3
Critical points include
• Recognized need to incr

acceptance criteria to so
R iti f th T t l• Recognition of the Total 

• Incurred Sample Reprod
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od Validation History
Molecule)
od Validation History
Molecule)

) Workshop #3) Workshop #3
lude large and small molecules

3 Report

rease the in-study run 
omething >15%
E hError approach

ducibility (ISR)
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Can we use the smalCan we use the smal

Of course you can with a 
under specific circumstanunder specific circumstan

Why?Why?
• Many of the concepts a

good scientific principlegood scientific principle
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l molecule guidance?l molecule guidance?

few exceptions, but only 
ncesnces.

and practices are based on 
es common to all assayses common to all assays
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ImmunoassImmunoass

Detection Antibodyy

Macromolecule Drug

- Capture Antibody
- Purified ReceptorPurified Receptor
- Cell
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say Partssay Parts

AnalyteAnalyte
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ImmunoassImmunoass

Macromolecule 3

Macromolecule 2

Macromolecule 1Macromolecule 1
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say Partssay Parts

AnalyteAnalyte
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Specific CircSpecific Circ

Analyte
• Stable• Stable
• Manufacturing proces
• Well characterized
• Not endogenous
• No binding proteins

Reagents
• Sourced internally and
• Sourced externally an
• minimal lot-to-lot varia

Bristol-Myers Squibb Company

cumstancescumstances

ss is highly controlled

d well characterized
nd well controlled with
ability
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But more imporBut more impor

• Reference standard/reagent pur

- We measure macromolecule

• Matrix variability

• No internal standard to correct f

• Aside from dilution, no sample p
to analysis

• For antibody drugs, need to mea
presence of >10 mg/ml of endog

Bristol-Myers Squibb Company

rtantly why not?rtantly why not?

rity, stability and lot variability
ns with macromoleculesn

for assay process variables

pretreatment to remove matrix prior 

asure drug at ng/pg levels in the 
genous antibody
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Analytical ChallengesAnalytical Challenges

Interference from:

• Pre-existing binding proteins

• Pre-existing anti-drug antibod

• Pre-existing anti-reagent antib

• Anti-drug antibodies (immuno

• If developing an endogenousIf developing an endogenous 
existing endogenous levels a

Bristol-Myers Squibb Company

s Unique to Biologicss Unique to Biologics

dies (e.g. rheumatoid factor)

bodies (e.g. anti-mouse Ig)

ogenicity)

therapeutic (e.g. cytokine), pre-therapeutic (e.g. cytokine), pre
re also recognized in the assay
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Assay DevelopmeAssay Developme

• Reagent IdentificationReagent Identification
• exp. date, COAs, lot#

• Reagent Stabilityg y

• Antibody Specificity

• Early Analyte Stabilityy y y

• Diluents

• Plate Type (coating conditions)

• Detection System

Bristol-Myers Squibb Company

Some of these experiments may be re

ent Considerationsent Considerations

• Matrix QualificationMatrix Qualification 
• type (serum, plasma, etc)
• normal, disease
• minimal dilutionminimal dilution

• Sample Collection
• Protease inhibitors?

• Sample Preparation
• lipemic, hemolysis

• Standard Curve Range & Model

• Target Acceptance Criteria
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Ask Yourself: Are thAsk Yourself: Are th

Do plates need
d?• covered?

• shaken?
• kept in the dar• kept in the dar
• incubated at

- room tempep
- 4oC?
- 37oC?
- Washed 3x

Bristol-Myers Squibb Company

Don’t just do it because that’s t

hese really needed?hese really needed?

d to be

rk?rk?

erature?

, 5x or high
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Pre-Study ValidatiPre-Study Validati

Target acceptance criteria should b
pre-study validation The following

• Required

pre study validation. The following 
determined using a minimum of six

q
- Documentation
- Standard Curve 
- Accuracy and Precision

- Range
- Selecti
- SpecifiAccuracy and Precision

• Suggested Robustness and Rugg
L t t l t i bilit f iti l t- Lot-to-lot variability of critical reagent

- Time, Temp, pH
- Inter-operator variability

Bristol-Myers Squibb Company

- Inter-plate washer variability

on Considerationson Considerations

be stated prior to beginning 
parameters should beparameters should be 

x assays

e of Quantitation
ivity
icity

- Dilution Linearity
- Stability

gedness
tts
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Standard CStandard C

• Should contain a minimum of 6 n
duplicate.

• Should be prepared in the sameShould be prepared in the same 
then the absence of a matrix effe

• Anchor points may be included HAnchor points may be included. H
be reported below the LLOQ or a

Bristol-Myers Squibb Company

urveurve

non-zero concentrations run in 

matrix as samples. If differentmatrix as samples. If different 
ect must be demonstrated.

However concentrations can notHowever, concentrations can not 
above the ULOQ.
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Standard CurvStandard Curv
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ve Descriptionve Description

Anchor
PointULOQ

Hook
Effect

ntration (ng/ml)

10 100 1000
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Dilution Dilution 

At least 5 dilutions are recomme

• 1 well above the ULOQ to rule1 well above the ULOQ to rule

• 3 that fall into the assay range
– back-calculated concentration sh
– %CV between values should be 

• 1 below the LLOQ

Bristol-Myers Squibb Company

LinearityLinearity

ended:

e out a prozone or “hook” effecte out a prozone or hook effect.

e 
% fhould be within 20% of nominal.

within 20%.
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Selectivity/Selectivity/

• At least 6 individual sources o
evaluated with and without beevaluated with and without be

• Samples should be spiked wi
that are expected to be presethat are expected to be prese

• Strong recommendation to ev
disease state patientsdisease state patients.

• Competition assays are gene
interferenceinterference.

Bristol-Myers Squibb Company

/Specificity/Specificity

of the sample matrix should be 
eing spiked (at or near the LLOQ)eing spiked (at or near the LLOQ)

th structurally similar compounds 
ent in study samplesent in study samples.

valuate sample matrix from 

rally more susceptible to 
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Selectivity/SpecificSelectivity/Specific

N S ikNo Spike

I t fInterference

Results:Results: <LLOQ<LLOQ

Bristol-Myers Squibb Company

ity - continuedity - continued

S ikSpike

Standard

Interference

<Nominal<Nominal
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StabiStabi

• Must be done in neat sample 

• Stability experiments should b• Stability experiments should b
sample collection, shipment a

• Although preliminary stability• Although preliminary stability 
development stage, the final e
using a validated method.  

• Short Term:
• 4°C and ambient for 24 hour
• 3 Freeze-thaw cycles
• Sample processing simulatio

Long Term: 30°C d/ 70°

Bristol-Myers Squibb Company

• Long Term: -30°C and/or -70°

litylity

matrix

be modified to reflect the actualbe modified to reflect the actual 
and storage conditions.

analysis is done during theanalysis is done during the 
evaluation should be done 

rs

on (whole blood)

°C >2 k
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°C >2 weeks



Validations Validations 

Full
Ch i i ithi• Change in species within m

• Change in matrix within a s

Partial
• Change in anticoagulant

Ch i l t f t• Change in lots of reagents 

Bristol-Myers Squibb Company

DifferencesDifferences

t i ( t t k l )matrix (rat to monkey plasma)
species (rat plasma to rat urine)

( d t ti i )(may need to reoptimize)

20



Do you or the PharmacokineDo you or the Pharmacokine

Know what you needKnow what you needKnow what you need Know what you need 
Know what you are mKnow what you are m

Free vs TotalFree vs Total•• Free vs. TotalFree vs. Total
•• Active vs. Inactive vActive vs. Inactive v
•• Integrity: Is it the coIntegrity: Is it the coIntegrity: Is it the coIntegrity: Is it the co

Bristol-Myers Squibb Company

etisist know what to measure?etisist know what to measure?

to measure andto measure andto measure and to measure and 
measuringmeasuring

vs. Totalvs. Total
orrect MWorrect MWorrect MWorrect MW
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Free -vs.- Total: Antibody DFree -vs.- Total: Antibody D

ToTo

target
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Free

rug Against a Soluble Targetrug Against a Soluble Target

otalotal

target target
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Activity via Recep
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T

ptor Binding Assay

B7 Receptor Assay
EIA
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Integrity via West

LaneLane
1.    Patient A
2.    Patient B

3-4.    Drug Reference Standard

Bristol-Myers Squibb Company

tern Blot Analysis

1 2 3 4 MW

d
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RecommeRecomme

•• You’re measuring macromoYou’re measuring macromo
start early!start early!

•• Not all sera are equal Not all sera are equal -- looklookqq

•• Prepare as many specific rePrepare as many specific re

•• Start stability as soon as yoStart stability as soon as yo

•• Know what you need to meaKnow what you need to meaKnow what you need to meaKnow what you need to mea

•• Know what you are measurKnow what you are measur

Bristol-Myers Squibb Company

endationsendations

olecules with macromolecules olecules with macromolecules 

k at disease state serumk at disease state serum

eagents as practicaleagents as practical

u have drugu have drug

asureasureasureasure

inging
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BackBackBackBackkupkupkupkup



White Papers/ConWhite Papers/Con
Describing ImmunoaDescribing Immunoa

Validation of Immunoassays for BioanalysisValidation of Immunoassays for Bioanalysis
J. Findlay, W. Smith, J. Lee, G. Nordblom, I DasJ. Findlay, W. Smith, J. Lee, G. Nordblom, I Das
Pharmaceutical and Biomedical Analysis 21:124Pharmaceutical and Biomedical Analysis 21:124

Workshop on Bioanalytical Method ValidatioWorkshop on Bioanalytical Method Validatio
Summary Report.Summary Report.y py p
K. Miller, R. Bowsher, A. Celniker, J. Gibbons , SK. Miller, R. Bowsher, A. Celniker, J. Gibbons , S
Weiner. Pharmaceutical Research 18:1373Weiner. Pharmaceutical Research 18:1373--19001900

Recommendations for Recommendations for the the Bioanalytical MetBioanalytical Metyy
SupportSupport PPharmacokinetic Assessments Of Mharmacokinetic Assessments Of M
B. DeSilva, W. Smith, R. Weiner, M. Kelley, J. SmB. DeSilva, W. Smith, R. Weiner, M. Kelley, J. Sm
Celniker. Pharmaceutical Research 20:1885Celniker. Pharmaceutical Research 20:1885--190190

Workshop/Conference ReportWorkshop/Conference Report-- QuantitativeQuantitative
Implementation: Best Practices for ChromaImplementation: Best Practices for Chroma
C. Viswanathan, S. Bansal, B. Booth, A. DestefaC. Viswanathan, S. Bansal, B. Booth, A. Destefa

Bristol-Myers Squibb Company

Swann, and R. Weiner. The AAPS Journal 9: E3Swann, and R. Weiner. The AAPS Journal 9: E3

nference Reportsnference Reports
assay Best Practicesassay Best Practices

s: A Pharmaceutical Industry Perspective.s: A Pharmaceutical Industry Perspective.
, B. Desilva, M. Khan, R. Bowsher Journal of , B. Desilva, M. Khan, R. Bowsher Journal of 

4949--1273 (2000)1273 (2000)

on for Macromolecules for Macromolecules:  on for Macromolecules for Macromolecules:  

S. Gupta, J. Lee, S. Swanson, W. Smith, and R. S. Gupta, J. Lee, S. Swanson, W. Smith, and R. 
00--1383 (2001)1383 (2001)

thod Validation thod Validation oof f LigandLigand--Binding Binding Assays Assays tto o gg gg yy
Macromolecules.Macromolecules.
molec, B. Lee, M. Khan, D. Tacey, H. Hill, A. molec, B. Lee, M. Khan, D. Tacey, H. Hill, A. 
00 (2003)00 (2003)

e Bioanalytical Methods Validation and e Bioanalytical Methods Validation and 
tographic and Ligand Binding Assays.tographic and Ligand Binding Assays.

ano, M. Rose, J. Sailsted, V. Shah, J. Skelly, P. ano, M. Rose, J. Sailsted, V. Shah, J. Skelly, P. 
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Differences Between Small Differences Between Small 

Immunoassa

Sample 
Preparation

None aside from 
No extraction o

Reference CoA issuedReference
Standard

CoA issued
Can have lot-to-lot v

Regression Sigmoidal 
Model (4 or 5-Parameter 

Assay range EIAs <2 orders of m
New platforms>2 orders

Dilution Issues Hook effects (at hig

QC C it i Within 20 – 25% of nom

Bristol-Myers Squibb Company

QC Criteria Within 20 25% of nom
(LLOQ within 25

and Large Molecule Assaysand Large Molecule Assays

ay LC/MS

dilution 
or IS

Samples extracted
IS (stable label available)

d Well characterizedd
variability.

Well characterized
Limited lot-to-lot variability 

Linear or quadraticlogistic) Linear or quadratic

magnitude
s of magnitude 2-3 orders of magnitude

gh conc.) No issues

minal (majority) Within <<15% of nominal

28

minal (majority)
5-30%)

Within 15% of nominal 
(LLOQ within 20%)



Where We Where We 

Performance 
Characteristic

LBABF
Consensus 

Validation QCs %RE ± 20%
± 25% (LLOQ)
≤ 20%Validation QCs %CV ≤ 20%
≤ 25% (LLOQ)

Validation QCs %TE ± 30%
± 40% (LLOQ)Q ± 40% (LLOQ)

In-Study Stds %RE
≥ 75% of std poin

± 20% 
25% (LLOQ)± 25% (LLOQ);

In-Study QCs 4-6-30 rule; At lea
QCs are valid at e

Bristol-Myers Squibb Company
C

Are TodayAre Today

FG
Report

Crystal City III 
Conference Reportp p

± 20%
± 25% (LLOQ & ULOQ)
≤ 20%≤ 20%
≤ 25% (LLOQ & ULOQ)
± 30%
± 40% (LLOQ & ULOQ)± 40% (LLOQ & ULOQ)

nts are: ≥ 75% of std points are:
± 20%

25% (LLOQ & ULOQ) ± 25% (LLOQ &  ULOQ)
ast 50% of 
each level

4-6-20 rule; At least 50% of 
QCs are valid at each level
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InIn--Study ValidatioStudy ValidatioInIn--Study ValidatioStudy Validatio

•• Standard Curve AcceptanStandard Curve Acceptan

•• QC SamplesQC Samples
•• Must be in theMust be in the same matrixsame matrixMust be in the Must be in the same matrixsame matrix
•• Surrogate matrices must bSurrogate matrices must b
•• Stored under sample storaStored under sample stora

•• QC Acceptance CriteriaQC Acceptance Criteria

I d l dI d l d•• Incurred sample  reproduIncurred sample  reprodu

Bristol-Myers Squibb Company

on Considerationson Considerationson Considerationson Considerations

nce Criteriance Criteria

x (neat)x (neat) as the unknownsas the unknownsx (neat)x (neat) as the unknownsas the unknowns
be scientifically justified.be scientifically justified.
age conditions.age conditions.

ibilitibilit ( ll li )( ll li )ucibilityucibility (parallelism)(parallelism)
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Incurred Sample  RIncurred Sample  R

• ISR (parallelism) differs from 
only be assessed with incurrey

• A tolerance limit for acceptab
established prior to the asses

• The degree of non-parallelism
the application.

• Methods for determining para
– percent recovery at 

slope comparisons– slope comparisons
• In addition to performing as p

general agreement to perform
i d di

Bristol-Myers Squibb Company

species and disease.

Reproducibility (ISR)Reproducibility (ISR)

dilution linearity in that it can 
ed “authentic” samples.p

le non-parallelism should be 
ssment. 

m that is acceptable depends on 

allelism could include:
each dilution

art of validation, there is 
m when changing matrix, 
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