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Background:
Why Analyse

Samples 1n

Duplicate for
[LLBA?

LBA bioanalysis of biotherapeutics —
Interaction between analyte and binding partner

Conservative approach —
A single sample analysed in duplicate wells,
mean concentration of both wells is reported

Primary intent —
Limit variability but what is it assessing?

Precision of Pipetting Needle delivery
Well to well differences Reaction column binding
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Food for Thought...

LCMS/MS; singlicate analysis is the accepted assay

a Regulated bioanalysis of SMALL MOLECULES by
strategy

Regulated bioanalysis of BIOTHERAPEUTICS by
Q LCMS/MS; singlicate analysis is the accepted assay
strategy

...For ligand binding assays, duplicate analysis could be seen as an
antiquated idea related to higher variability coming from
technical limitations of equipment and materials / reagents

But technology has moved on...
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Key Output of Bioanalytical Data 1s TK/PK Parameter
Estimation; What is the Impact of Singlicate Analysis?

Barfield, Goodman et al;
https://doi.org/10.4155/bio-2019-0298
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Bioanalysis

European Bioanalysis Forum
recommendation on singlicate analysis for
ligand binding assays: time for a new
mindset
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Assessment of Data

* Data was originally processed as
duplicate analysis

e Re-analysed as singlicate using the first
replicate from the duplicate analysis

No Significant Impact

 Singlicate vs duplicate concentration
showed strong correlation

* No impact on TK/PK parameter
estimates using singlicate vs duplicate



Singlicate Analysis for LBA Offers
Significant Benefits

Sustainability 3Rs benefits, reduction in animal matrix and
sample volumes, reduced demands on solvents and
chemicals, fewer consumables and single use plastics

Speed Higher throughput, allows analysis of more samples
per run

Data quality Increased number of samples per plate,
therefore no need to split profiles or treatment groups

Cost Reduced demands on resource, compounds,
consumables and reagents

e Patient Centricity Reduction in patient burden
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-y Singlicate Analysis; The Bioanalytical
\ Approach of Choice for Discovery

Bioanalysis Europe

* High numbers of data sets delivered from Integrated Bioanalysis EU, where
multiple sets are PK studies analysed with LBA and run in singlicates for
samples and singlicates or duplicates for calibrators and QCs

* Various species and matrices, platforms and methods showing consistent
low % CV values for standards and QCs as well as acceptable ISR

e Various modalities e.g. proteins, peptides, mAbs, Fabs, bispecifics

» Off the shelf kits and home brew assays show the same consistency

£




Singlicate Analysis - Examples from Discovery Bioanalysis

Small protein in plasma - Luminex
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Small protein in rat heart homogenate - MSD
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Fab in mouse lung homogenate - ELISA

w
o
]

) 25%
g 20%
T 20 (0
c
B
7]
5 104 & v ¢
o -] *
NS ° o o
° nn " . vy Y % *
od Ce® m = A Ay
Std 1 Std 2 Std 3 Std 4 Std 5 Std 6
30
) 25%
g 20%
T 20 (]
c
8
7]
oo
° O
< . o®f, m paid % v S h
0o®® =" MA YV O
0 ® amr‘s LW VY . o
Std 1 Std 2 Std 3 Std 4 Std 5 Std 6 Std 7



Incurred Sample Reanalysis

ISR mAb in plasma

Absolute %

1 2 Mean SD %CV Difference
2308 2616 2462 154 6,2 12,5
3517 3761 3639 122 3,3 6,7
3384 3667 3525 142 4,0 8,0
3747 4248 3997 251 6,3 12,5
101 103 102 1,3 1,2 1,8
103 105 104 0,9 0,8 1,2
93 95 94 1,4 1,5 2,1

75 54 65 15,5 23,9 33,9
95 95 95 0,6 0,6 0,8
455 450 453 4,0 0,9 1,2
394 389 392 3,7 0,9 1,3
398 396 397 1,1 0,3 0,4
393 393 393 0,2 0,0 0,1
439 467 453 20 4,4 6,2
1656 1922 1789 188 10,5 14,8
1770 1693 1732 54 3,1 4,4
1422 1434 1428 8,6 0,6 0,9
1082 1079 1081 2,6 0,2 0,3
1578 1533 1556 32 2,0 2,9
6904 7163 7033 183 2,6 3,7
7922 7448 7685 335 4,4 6,2
7577 7478 7528 70 0,9 1,3
5899 5642 5770 182 3,1 4,5
5705 6100 5902 279 4,7 6,7
22308 23817 23062 1067 4,6 6,5
22194 23587 22890 985 4,3 6,1
17463 16439 16951 724 4,3 6,0
29182 26761 27971 1712 6,1 8,7
21726 22881 22303 817 3,7 5,2

ISR Fab in mouse lung homogenate

Absolute %

1 2 Mean SD %CV Difference
518 531 525 7 1,2 2,5
2935 3115 3025 90 3,0 6,0
3205 3253 3229 24 0,7 1,5
1282 970 1126 156 13,8 27,7
326 310 318 8 2,5 5,0
2946 3083 3015 68 2,3 4,5
1190 1356 1273 83 6,5 13,0
801 753 777 24 3,1 6,2
603 572 587 15 2,6 5,3

ISR for LBA passed criteria used: two

thirds of ISR samples to be within
30% of the average of original and

reanalyzed values.



uLoQ HQC MQC LQC LLOQ
Rat (40,000 ng/mL) (30,000 ng/mL) (2,500 ng/mL) (250 ng/mL) (90 ng/mL)
Mean
Concentration 44400 32800 2670 276 97.8
(ng/mL)
m Inter run S.D. 3710 2600 133 15.1 6.19
Inter run CV (%) 8.4 7.9 5.0 5.5 6.3
Inter run Bias (%) 11.0 7.0 0.4 0.1 0.0
Si [ ] licate Inter run %TE 19.4 14.9 5.4 5.6 6.3
g . uLoQ HQC MQC LQC LLOQ
1 . d . Rabbit (40,000 ng/mL) (30,000 ng/mL) (2,500 ng/mL) (250 ng/mL) (90 ng/mL)
Mean
Va 1 atlon Concentration 41100 30100 2460 257 86.6
(ng/mL)
Inter run S.D. 3490 1910 137 38.0 6.02
Inter run CV (%) 8.5 6.3 5.6 14.8 7.0
Inter run Bias (%) 2.8 0.3 -1.6 7.8 -3.8
Inter run %TE 11.3 6.6 7.2 22.6 10.8
Using the Gyrolab technology Validated Singlicate assay used to support GLP studies
Serum Concentration Versus Time . | d I d . I
o Singlicate & duplicate data gave equivalent TK
c
g S Study Rat DRF/EFD Rat 13 Week GLP
% 6000 . .. .. . n
S 5000 Analysis Singlicate Singlicate Duplicate Duplicate
8 = 4000
£ E; 3000 Dose (mg/kg) 175 mg/kg 400 mg/kg 175 mg/kg 400 mg/kg
& =2 2000
> 1000
2 0 Co (ng/mL) 3580 8570 4170 7360
= 0 50 100 150 200
3 Time Post Dose (hours) Crnax (Hg/mL) 3490 8440 3690 7430
—8— 175 mg/kgiv13 Wk Day 1 400 mg/kgiv13 Wk Day 1 AUC(o.) 4900 14900 5960 15800
—@— 175 mg kg DRF/EFD GD16 —@—400 mg kg DRF/EFD GD16 (png.day/mL)




Strategic thinking Assay validation using singlicates

Assay validation passes J

ASO

singlicate
validation

acceptance criteria

Validated Singlicate ASO Hybridization
ECL assay used to support tox studies

CHEDe -~

Validated ASO assay used for clinical samples

Duplicate strategy — validation showed duplicates enabled increased
sensitivity with less variability at low s/n ratio
10

Validated and

used for singlicate
analysis

and used with
duplicate analysis

N~ —

Assay validated ‘ i o )

assay strategy




Evolution of Singlicate
Analysis & Linking with
CMS for Large Molecules
& New Modalities can
Further Refine and
Reduce Animal Numbers

Capillary Microsampling vs
Macrosampling demonstrating
comparable data leading to the
hypothesis that ‘One Mouse = One
PK profile’.




AZ approach to capillary plasma microsampling

Plasma is transferred to
accurate 8 or 4ulL
capillary

-

Capillary scored and

Blood collected 32uL cut using capillary

into a hematocrit Capillary centrifuged cutter
capillary within 30 min

8 or 4pl capillary
transferred to labelled

fluid X tube
= A
(, t
\ 4
‘ !“/
Diluted plasma sample
processed for analysis
and transferred for frozen Automated addition of Samples are handled
storage diluent and sample using automated
preparation decapping device -

12



Microsampling followed by Gyrolab bioanalysis —
The benefits of very low sample volume needed — 4 pl

Capillary Microsampling has previously been reported to work well with Gyrolab assays in other settings

Pharm Res
DOI 10.1007/s11095-013-1286-y
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Capillary microsampling and analysis of 4-pl
blood, plasma and serum samples to determine
human o.-synuclein elimination rate in mice

One Mouse, One Pharmacokinetic Profile: Quantitative Whole
Blood Serial Sampling for Biotherapeutics

Alison P Joyce « Mengmeng Wang « Rosemary Lawrence-Henderson « Cynthia Fillietiaz « Sheldon S. Leung « Xin Xu + Denise M. OHara

Background: The capillary microsampling technique was scaled down to enable repeated PK sampling of blood,

Received: 23 August 2013 / Accepted: 31 December 2013

© Springer Scence+Business Media New York 2014

ABSTRACT

Purpose The purpose of this study was to validate the approach
of serial sampling from one mouse through ligand binding assay
(LBA) quantification of dosed biotherapeutic in diluted whole
blood to derive a pharmacokinetic (PK) profile.

Methods This investigation compared PK parameters obtained
using serial and composite sampling methods following administra-
tion of human IgG monodonal antibody. The serial sampling tech-
nique was established by collecting 10 uL of blood via tail vein at each
time point following drug administration. Blood was immediately
diluted into bufler followed by analyte quantitation using Gyrolab to
derive plasma concentrations. Additional studies were conducted to
understand matrix and sampling site efleds on drug concentrations.
Results The drug concentration profiles, irespective of biological
matrix, and PK parameters using both sampling methods were not
significantly different. There were no sampling site effects on drug
concentration measurements except that concentrations were
slightly lower in sodium citrated plasma than other matrices.
Conclusions We recommend the application of mouse serial
sampling, particularly with limiting drug supply or specialized
animal models. Overall the efficiencies gained by serial sampling
were 40-80% savings in study cost, animal usage, study length
and drug conservation while inter-subject variability across PK
parameters was less than 30%.

KEY WORDS gyrolab - ligand-binding assay (LBA) - mouse
serial sampling - pharmacokinetics (PK)

ABBREVIATIONS

ACTH  Adrenocorticatropic hormone
DBS Dried blood spot

HCT  Hematocrit

P Intra-peritoneal

v Intravenous

LBA Ligand binding assay

PK Pharmacokinetics

PMT  Photomultiplier tube

RO Retro-orbital

INTRODUCTION

Pharmacokinetic

data provide a time course of drug
concentrations in circulation, and are important in evaluation
of new biotherapeutics in drug development. In the early
phases of drug discovery, preclinical PK studies are lvpnallv

carried out in mice. Their small body size imposes ok 1

Pharmaceutical Research 31, 1823-1833 (2014)

plasma and serum from mice for the determination of the 14-kDa protein a-synuclein using the Gyrolab™
: 4-pl plasma, S blood samples e taken from 36 mice, in total 648
ration of human a-synuclein to
mice, the elimination of u-synucleln was rapid, with a half-life in plasma of I.I h. High endogenous levels in red
blood cells in combination with some hemolysis led to a challenge in the evaluation of a-synuclein exposure in
plasma and serum. Conclusion: The small sample volumes and flexibility in choice of liquid matrices using the

y platform. Resul

f 2T oty
ples were
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capillary micr

d and analyzed. F ing intr

P

enable rep

d Ii
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g in mouse studies, as well as multi-matrix analysis if

needed. Liquid mlcrosampllng is well suited for micro- and liter scale i

In studies with small laboratory animals such
as rats and mice, the lowering of blood volumes
collected for the determination of circulating
drug or biomarker concentrations is key to ani-
mal number reduction and refinement of sam-
pling procedures. Reduced sample volumes also
enable new study designs that have the poten-
tial to increase the scientific value of the stud-
ies, for example, by better correlation between
toxicological or pharmacological readouts and
exposure. Considering that the bodyweight and
circulating blood volume in a mouse is typically
only one tenth of that in a rat 1], repeated bleed-
ing for exposure evaluation in mouse studies is
particularly challenging. One versatile approach
to collect these small microsamples is the

i} I (CMS) haoi At

of 25-pl blood samples in rat and dog toxicol-
ogy studies, as well as analysis of 8-pl plasma
samples after the collection of 32-pl blood in
a mouse toxicology study, have been demon-
strated by Jonsson ez al. [2.3). Although a 32-pl
blood sample will be small enough in most situ-
ations, there may be a need to reduce the blood
volumes even further. For example, if there is a
risk that the blood loss will affect other critical
blood parameters, if samples need to be taken
for different exposure measurements, or if more
than one matrix needs to be collected (e.g., to
enable determination of ex vivo blood—plasma
distribution or even complete PK and/or bio-
marker profiles in multiple matrices). In this
study, the CMS technique was scaled down to

nahle renear collecti f hload _nlasma and
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We tested it with a validated generic mAb assay developed by UK GxP lab and adapted to our discovery setting



Monoclonal Antibody Capillary Plasma Microsampling

Universal Ligand
binding assay Rat in vivo Macrosamples and Capillary Microsamples comparison

e Human mAb in rat
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Monoclonal antibody assay
Incurred sample reanalysis shows
acceptable first and repeat analysis

on %CV and ISR % 2

Microsamples are flushed from the capillary using the MRD buffer 3 g
' At
The diluted sample is stored for possible re-analysis <5 (8
B +Q
Comparison microsample handling at MRD U \,\p\"
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Soluble receptor Microsample

Initial analysis comparison Second analysis comparison
Macrosample and Microsample Macrosample and Microsample
Sample # CV% Sample # CV%
1 1,1 1 3,5
2 2,8 2 12,2
3 10,5 3 14,4
4 0,6 4 4,1
5 3,8 5 3,7
6 9,3 6 12,8
7 0,1 7 15,6
8 0,5 8 3,4
9 3,2 9 10,4
10 11,3 10 13,6
Incurred sample re-analysis Incurred sample re-analysis
Macrosamples Microsamples
Sample # CV% Absolute % Difference Sample# CV% Absolute % Difference
1 2,8 3,9 1 7,3 10,4
2 2,1 3,0 2 7,3 10,3
3 4,0 5,7 3 7,9 11,2 % CV: 0,1-15,6 %
4 2,8 4,0 4 6,3 8,9
5 3,9 5,6 5 3,8 5,4 ISR absolute % difference: 0,3 - 18,5 %
6 1,3 1,8 6 2,2 3,2
7 13,1 18,5 7 2,7 3,8
8 1,7 2,3 8 1,3 1,8
0 5,6 8,0 9 1,6 2,3

10 2,1 3,0

=
o

0,2 0,3
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Benefits of capillary Microsamples

Ethical

Scientific

® Reduce the number of animals used in pre-clinical research

e Remove the need for satellite TK animals from toxicology studies
® Quicker and less stressful sampling for the animals

* Smaller blood volumes can be beneficial in the clinical setting

e Relate toxic effects to exposure in the same animals
* Not previously possible due to total blood volume constraints
e Improved modelling of individual animal effects

e Less compound required (as less animals to dose)
e Particularly valuable in early project lifecycle
e Less animal husbandry and study handling

Capillary
Microsample

Singlicate
Analysis

/One 4 ul plasma capillary microsample\
with MRD of 10 gives a volume of 40 ul

One analysis run with Gyrolab using
singlicates needs only 6 ul of diluted
sample

This gives plenty of room for sample

K re-analysis if needed /




Benefits of Singlicate Analysis coupled
to Capillary Microsampling for LBA

Sustainability 3Rs benefits: reduction in animal matrix and sample

volumes, less stressful sampling, fewer animals needed
Environmental benefits: reduced demands on solvents and chemicals,
fewer consumables and single use plastics

Speed Higher throughput, allows analysis of more samples per run

Data quality & Scientific Benefits Increased number of samples per
plate, therefore no need to split profiles or treatment groups
Relate toxic effects to exposure in the same animals

Improved modelling of individual animal effects

Cost Reduced demands on resource, compounds, consumables and
reagents as well as animal husbandry and study handling

Patient Centricity Reduction in patient burden
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