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AEmerging issues associated with quantitative

analysis of DBS samples

AAutomation of DBS sample analysis



Issues for DBS Analysis

AHematocrit ISsue
AReguIatory acceptance

AMore difficult for the bioanalyst than
conventional plasma approaches



Impact of Hematocrit

AHematocrit Values?
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" Denniff P & Spooner N (2010)
Hematocrit Bioanalysis 2, 1385
\ J
I 0.407 0.52 | 0.3671 0.48 (also age differences)
I 0.367 0.60 | 0.357 0.63
I 0.3771 0.51 | 0.367 0.49
I 0.3771 0.50 | 0.357 0.48
I 0.387 0.60 | 0.367 0.60
I 0.347 0.52 | 0.3271 0.49

A Human Hct values from literature, preclinical Hct values measured as 99% tolerance intervals, courtesy Alan
Stokes, GSK



DBS HCT Effect 1 Validation of Assay Bias

—
Hematocrit Assessment for GSK962040 in Human Blood (35%, 45%,
55% and 65% hematocrit)
Mominal Concentration (ng/mL)
35% 45% 55% 65%
1600 ng/mL 1600 ng/mL 1600 ng/mL 1600 ng/mL
RUN 1 1610.38 1582.69 1548.33 1855.10
1641.78 1681.99 1699.71 1974.70
1620.54 1690.08 1497 04 1749.05 curve prepared at
1579.67 1768.69 1718.48 1854.25 HCT 45% and
1561.72 1732.35 1628.03 206841 Compared to QCs
1641.07 1754.39 1549.99 2050.26 over a range of
Mean 1609.18 1701.73 1606.93 1925.30 values
S.D. 3266 67.70 89.72 126.15
%CV 2.0 40 56 6.8
% Bias 06 6.4 04 203
% Difference 54 0 56 13.1
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DBS Hematocrit Effect i Cause

. e —
AAssay bias observed with changes in hematocrit is made

up of 3 components

Recovery Bias Suppression Bias

N\
e

Spot Area Bias

[\



Potential Solutions to the HCT Effect

H

@ Recovery and ion suppression effects can be minimised
by optimizing extraction and chromatographic methods

e How can we control the bias derived from the spot area?

Novel substrate that behaves independently of
hematocrit

Reduce differences in viscosity of blood samples
Apply a correction factor

Extract, or elute the whole spot

I Important consideration for development of automated
analytical instrumentation



Recent Regulatory Interaction and Opinion

—\
APresentation to EMA Safety Working Party (Jan 2010 1

GSK)

APresentations to FDA (OGD, DSI, and Clin Pharm)

AOct 2010 i GSK, sanofi-aventis, and Astrazeneca
AApr 2011 7 Whatman and GSK

AMHRA provides update at DIA/PhRMA DBS 1-day
symposium (2010)



Recent Regulatory Interaction and Opinion

AMHRA provides editorial perspective” (2010)

Nrhere are also clear ethical benefits in taking reduced sample
volumes and the removal of satellite groups of animals from non-
clinical studies. 0

nrhe UK Medicines and Healthcare products Regulatory Agency
(MHRA) are fully committed to encouraging the development of
alternative methods and actively seek to influence international
harmonisation initiatives to ensure the protection and welfare of
animals and to minimise the numbers of animals used. DBS is
clearly a technique that falls into the remit of the Replacement,
Refinement and Reduction of animals in research (3Rs), which is
fully supported by the MHRA. 0

*Beharry M. (2010) Bioanalysis 2, 1363-1364



Recent Regulatory Interaction and Opinion

AFDA regulatory perspective on the technique (Land
O' Lakes Bioanalytical Conference, Wisconsin, USA, July
2011)

| As a consequence of the infancy of the technique, a conservative
approach to its implementation was advocated

"Although some have demonstrated DBS methodology successfully
In some individual cases, total acceptance of this method as a
stand alone is less likely at this time.i

I Advised that both wet and dry samples are to be collected, albeit
wet samples under a 'sparse sampling' paradigm

I Microsampling is to be encouraged, and DBS technology can and
should be applied where the benefits outweighs the risk



Recent Regulatory Interaction and Opinion

'\
ARecent feedback to GSK from the FDA

I While concordance was exhibited between wet blood samples and
DBS, we have been encouraged to adopt a dual-sampling
approach

I DBS will be the primary samples, while a smaller, sparse-sampling approach is
to be employed with wet blood samples

I Pending continued concordance between these matrices, an
appropriate meeting with the agency can be requested



Forward Thinking

A Several industrial groups coming together to investigate DBS =

fundamentals and find solutions

~>—  XQ

European Bioanalysis International Consortium for
Forum Innovation and Quality in
(Timmerman P et al (2011) Pharmaceutical Development

Bioanalysis 3, 1787)

A Manufacturers could do more to help too

| Experiments to support the technology

I Consistency of substrate

I Drying times in different environments

I New substrates to minimise hematocrit effect
et cé

Global
Bioanalysis
Consortium




B s I
Issues with Developing DBS Bioanalytical

Methods

Ve E
ALimited blood volume / sensitivity
I 3mm diam punch from a 15 pL spot is equivalent to <3 pL blood

I Low lower limits of quantification can be an issue
I Inhaled & low dose drugs

AChoice of card substrates
| Recoveries of analyte from different papers can vary

| Chemicals impregnated into FTA DMPK A & B can co-extract with
analyte & cause increased suppression effects

I Need to improve chromatography compared to plasma methods



B s I
Issues with Developing DBS Bioanalytical

Met hods Cont od

AChoice of extraction solvent
| 100% Methanol is a good starting solvent for FTA DMPK A & B

I Methanol:water (70:30 v/v) is a good starting solvent for FTA DMPK
C & Ahlstrom 226

IAcetonitrile gives o6dirtiero ext
| High proportions of water can give very dirty extracts

AManual punching of spots
Alncreased complexity of assay validation
| Hematocrit effect
| Spot homogeneity / variability in sample volume

ALower throughput compared to plasma
AMore variable assays



DBS Method Performance

Plasma n=493
DBS n=177

Mean Validation Precision (%)

Three-Year Comparison of DBS and Plasma
Validation Mean Precision

15 — |
— - 2008 Mean Precision
- 2009 Mean Precision
10 —
- 2010 Mean Precision
5 —
0 —

DBS Low QC
Plasma Low QC
DBS Mid QC
Plasma Mid QC
DBS High QC
Plasma High QC

LOW MID HIGH
7 N ( )
ac1 @ QC 40 ﬂ(% QC 500
RUM1 0.96 362 1564 ABEAT 521.95
n.ez2 365 36.14 T2 56 505.68
0.4 ATT 36.82 35596 45229
0.23 382 7T 40444 519.32
1.08 352 38.20 40215 526.61
0.%3 367 39.55 403.20 827
Mean 0.23 367 £ 388.08 51235
5.0. 0.06 011 1.23 20.13 16.28
Pracigion (%GV) 5.7 29 33 52 3z
Bias % -20 B2 5.3 27 25
n b B b b B
RUM 2 n.ez2 383 3792 41845 49149
1.01 373 3818 388.50 46723
083 343 35.37 36813 55.97
1.02 3.58 37.33 406.60 483147
0.23 347 35.53 36818 482.11
1.02 374 39.26 38229 539.74
Mean 0.23 381 37.26 3802 406§
5.0. 0.0 0.13 1.54 20.55 26.52
Pracigion (%GV) 41 35 41 53 53
Bias % -16 A6 5.8 27 0.7
n b B b b B
RUM 3 1.26 4.4 43.13 39677 435.55
1.10 416 41.20 40351 43806
1.01 412 4113 38028 46097
1.08 437 41.03 42071 45686
1.13 4.10 4285 418.72 463 83
1.13 4.9 4470 413.86 481.10
Mean 1.42 4.2 4236 40731 458.37
5.0. 0.0a 011 143 12.40 1391
Pracigion (%GV) 75 25 35 0] an
Bias % 118 53 59 18 -B.1
n b B b b B
Operall Statistica
Mean 1.03 383 /AT 38514 43844
5.0, 0.03 .30 7 69 916 79.40
Pracision %GV 1T b.9 48 6.0
Biaa[%] 2.7 47 2.1 -1.2 2
n 18 18 18 18 [
Averaga Within-nin 6.1 a0 16 46 40
pracision (%)
Betwean-run pracizion — = = =
%) 73 \ 8.5 6.9 1.9 } 53

No substantial difference wet
plasma and DBS




Increasing Automation

AMay help with;

| Manual punching
| Throughput
| Sensitivity
| Assay variability
AProvides a walk away solution

See Abu-Rabie P (2011) Bioanalysis 3, 1675



Requirements for an Automated DBS
Analysis System

Handling

Analyte Separation lonisation &
Elution MS Detect;

D Orpt on Q 4(@




DS
Possible Directions for Automation of DBS

Analyses

\

Automated punching A Comparable to current manual
approaches

A Simple to perform dilutions
A If off-line, does not reserve
LC-MS instrumentation

Direct Elution A Closely related to current

manual approaches

A Maintains chromatography

A Able to perform on-, or off- line

A Compatible with current LC-MS
detection systems

A Able to perform enrichment
and clean-up

A Increased sensitivity

Direct Analysis / A Potential for very simple
: process
Desorpt|on A Potential for miniaturisation

A Reduced solvent use
A Sensitivity?
A Potential for new applications

A Lower sensitivity
A Off-line only?

A Difficult to perform dilutions
A New technology

A No separation
o Labile metabolites
o Suppression
A Difficult to perform dilutions
A On-line only
A Sensitivity?
A New technology
A May require new detectors



Currently Available Automated Punching
Solutions

Luminex BSD600 Duet Perkin EImer Wallac DBS
Puncher

—

Luminex BSD1000 Hudson Robotics Dried Blood
Spot Processor




Direct Analysis of DBS Samples

solvent
N,

spray emitter
G inlet of mass

gas jet spectrometer

nebulizer nozzle spray.

/des.,,.,ed 1 —
J

sample

Figuro 1. Schema of the onina diied spol aulameted systam coupled wi e O rap M. Enlargamant shawe tha worbing al the clamp
Fistens and the locaion of ths flor papsr.



