Validation of an analytical method to quantify
a Xenobiotoc in rat plasma using
LDTD-APCI coupled to Tande[n' Mass spectrometry

sanofi aventis

L’essentiel c’est la santé.




‘ Laser Diode Thermal Desorption (LDTD-APCI): a new source
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# Sample dried into the well cavity

# No photons interaction with the sample

¢ Ultra fast heating transfer without thermal degrada  tion
4 # Quantitative sample desorption

384-LazWell # Gas-phase Atmospheric Pressure Chemical lonization
¢ LazWell: 1uL spotted (384)

¢ UHPLC: 3 minutes and LDTD-APCI: 10-20 seconds 2




‘ Discovery : BA validation criterias

# Specificity/selectivity/carry-over: peak area of in terfering peak at the retention
time of the analyte less than or equalto  50% of LLOQ

¢ STDs/QCs: spiked volume <= 10 % of the volume of the biological matrix (crash
protein in first intention)

# Run Acceptance criteria based on 20% Bias of STDs/Q Cs:
» STDs:
[ STDs higher than 20% are discarded ( 25% at LLOQ)

[ 75% of all calibration points (or 75% of the calibration range that is
necessary in case of additional levels are added when unknown sample

dynamic range) should fall within 20 % ( 25% LLOQ) of nominal value
(minimum of 6 accepted STD levels)

» QCs:
[ QCs higher than 20% are failed
[ No more than 33.3% of all QCs from different levels (2 out of 6, from

different levels) may be greater than 20% W
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‘ LDTD-APCI. discovery in-vivo Pharmacokinetics

# Variability of UHPLC and LDTD-APCI is comparable
(rat plasma, 3 animals/sampling time)

LC Conc. (ng/mL) LDTD Conc. (ng/mL)
Time
(h) N ean\ Median Sd CV(%) N ean\ Median Sd CV(%)
0.083 3 1024 60 94120 15166 14 80 3 104864 \ 106059 169.09 16.12
05 3 225 .82 226.08 68.03 26.59 3 260.09 23025 5796 2229
1 3 8554 81.88 1746 2041 3 7464 7241 1240 16.61
2 3 33.65 36.24 5.10 15.14 3 2575 2129 3.9 1520
4 3 18.02 16.11 737 4091 3 15.38 15.21 5.21 33.86
6 3 219 265 0.59 21.04 3 314 297 0.31 999
8 3 193 1.78 0.34 17.49 3 241 224 0.71 2951

# Standard error estimation with 90% CI overall time

Method Estimate 90% CI
LC 63.3 [486:92.3] /

LDTD 67.8 [52.1;98.9]




‘ LDTD-APCI. discovery in-vivo Pharmacokinetics

# Linear regression without slope, 90% CI overall time
# Statistical analyses based on Bland-Altman pair difference approach

y Estimation 90% Individual CI
o 2.0 % [-28.8 %; 34 .0 %]

5 s e Taking in account equivalence

N N _ | | criteria used in the laboratory

250 T (-20%;+20%),

i e the 2 methods, UPLC-MS/MS (gold

T standard) and LDTD-APCI-MS/MS,
N are not equivalent for this study

e Methods would be equivalent if
criteria were (-35%;+35%
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‘ LDTD-APCI. discovery in-vivo Pharmacokinetics

Pharmacokinetic calculated parameters (WINONLIN) following

Intravenous administration

Co | tmax | AUCclas) | tias | AUC(ooany | AUCqiny Li Cl Vdg
(ng/mL) | (h) | (ng.n/mL) | (h) | (ng.h/mL) (ng.h/mL) (h) (L/n/kg) (L/kg)

UPLC 1340 590 8 600 590 1.2 51 4.1
ratings Moderate | Extensive Large

LDTD 1390 570 8 590 580 1.4 5.2 4.0
ratings Moderate Extensive Large

Pharmacokinetic calculated parameters are considered as

similar, so there is no impact on the biological interpretation of

these data //




‘ LDTD-APCI. discovery in-vivo Pharmacokinetics

¢ LDTD-APCI-MS/MS could be used for Discovery PK  in-vivo
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The two methods should be considered as equivalent using validation criteria
about -35% and +35% (several experiments showed the same results)

Variability of the two methods is comparable
Calculated Pharmacokinetic parameters are similar (same pk interpretation)

# However, using this strategy lead you to choose to take some risks
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No information about conjugated metabolites is available in early, this can lead
to overestimation of concentrations (ex conjugated compounds such as
Glucuronides)

Many studies with NCE, but small number of samples per study
How quickly/easily manage matrix effects (no internal standard available)?
LDTD assessment of tissue failed (crash protein)

TD should be potentially more relevant for preclinical/clinical PK studies

Knowledge about the presence of conjugated compounds, isobaric molecules,
matrix effects, etc..

Large number of samples
Availability of stable isotopically labeled internal standard
Analytical method validated and robust

No tissue E——




‘ LDTD-APCI: GLP in-vivo Pharmacokinetics

# Structure of SAR1 and °H,-SARL1 Internal Standard (1S)

SAR1 [°H,]-SAR1
Analyte / IS Analyte IS
| NJK;N@N‘QN}F | NJK—SENAQN}F

Structure £

Parent ion [M+H]* = 510.3 [M+H]* = 514.3
Fragmentat

on 510.3>221.1 514.3 > 225.1 e
—

# Method validation will be performed in rat plasma 8



‘ GLP : BA validation criterias (1/2)

Specificity and Selectivity: peak area of interferi ng peak at the
retention time of the analyte less than or equal to 20% of LLOQ

¢ Calibration curve:
» Mminimum of 6 accepted STD levels,
» LLOQ (S/N23) and ULOQ
¢ Quality Control (QCs):
» 2 set of QCs per batch bracketing incurred samples
» Set of QCs: 3 levels at minimum (n=2 per level)
[ QC Low: value between LLOQ and 3*LLOQ
[ QC Mid: value close to the median value of the set
[ QC High: value within 75%-100% of ULOQ
¢ STDs/QCs:

» Spiked organic volume <5 % of the volumW
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‘ GLP : BA validation criterias (2/2)

# Run Acceptance criteria based on 15% Bias of STDs/Q Cs:
» STDs:
[ STDs higher than 15% are discarded ( 20% at LLOQ)

[ 75% of all calibration points should fall within 15 % ( 20%
LLOQ) of nominal value (minimum of 6 accepted STD levels)

» QCs:
[ QCs higher than 15% are failed

[ No more than 33.3% of all QCs from different levels (2 out of
6, from different levels) may be greater than 15% of their
nominal value

# If these criteria are not met, the run should be co nsidered as
falled and samples repeated in a subsequent run
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‘ LDTD-APCI: GLP in-vivo Pharmacokinetics

#» Method validation focused on (1/2):

» Calibration model and weighting selection (determin ed
statistically with in house software BioSt@t-Best): for each
STD nominal concentrations of SAR1, 3 validation samples were
prepared and analyzed from a separate weighting

» Assay variability (determined statistically with in house
software BioSt@t -Best): validation samples for SAR1, prepared in
plasma at each concentration level (LLOQ, LOW, MID and HIGH),
were analyzed (n=3) along with a full set of calibration samples on six
separate runs

» Specificity/selectivity:
» Blank
»Blank + SAR1 (5 ng/mL),

» Blank+ 2H,-SAR1 (150 ng/mL) /
»SAR1 (5 ng/mL) + ?H,-SAR1 (150 ng/mL
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‘ LDTD-APCI: GLP in-vivo Pharmacokinetics

#» Method validation focused on (2/2):

» Carry-over:. Plasma samples at the LLOQ (n=12) and HIGH (n = 6)
levels will be analyzed against a plasma calibration curve. The order of
sample injection will be as follows: Calibration Curve, 6LLOQ then the
sequence [HIGH, LLOQ, LLOQ] repeated 6 times.

» Dilution: the ability to quantify plasma concentrations of SAR1 as
high as 2*ULOQ using 2-fold dilutions will be evaluated (n = 6). All
dilution samples will be analyzed against a plasma calibration curve.

» Other topics of validation related to SAR1 (stability -20 C, freeze/thaw
cycles stability, stability in autosampler, etc...) were not performed
using LDTD-APCI-MS/MS because it was already done using

UHPLC-MS/MS //
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‘ LDTD-APCI: calibration model and calibration weigh  t

¢ UHPLC-MS/MS (gold standard): quadratic regression,  weighted 1/X 2,
not forced through the origin

¢ LDTD-APCI-MS/MS: the percent bias estimates are wit  hin [-5%, +5%]
for both the linear and quadratic models, weighted 1/X2, not forced

through the origin.

Linear Model % Biais Quadratic Model % Biais
Nominal n Estimate 95% CI Estimate 95% CI
Concentration
(ng/mL)
5 6* -1.63 (-6.10.2.84) -0.437 (-4.47.3.60)
10 9 0.802 (-2.53.4.13) 0.182 (-2.79.3.19)
25 9 285 (-0.115.5.82) 0.941 (-1.36.3.29)
100 9 3.35 (1.10. 5.60) 1.24 (-1.14. 3.62)
250 9 -1.29 (-2.85. 0.266) 261 (-3.92_-1.30)
500 9 -0.0919 (-3.00.2.81) 0.0344 (-2.89 296)
750 9 197 (-3.24_-0.701) -0.255 (-1.72.121)
1000 9 -2.57 (-4.06. -1.07) 0.794 (-0.817. 2.40)
# Calibration standards: 5, 10, 25, 100, 250, 500, 75 0 and 1000 ng/mL
# QC:5, 10, 250 and 1000 ng/mL
*: The run 2 (conc.=5 ng/mL) was detected as a stat istical run outlier by the 13

Lund test (pvalue:<.001). This run was removed from the analysis .



‘ LDTD-APCI: assay variability

¢ UHPLC-MS/MS (gold standard):

Nomlnal Meas Caleplited Mean % Within-rum Between-run Total percem
Contentration | Coscentration difference mmgﬁmh‘i&n percent preciion (95%
ingmL) em:cl:;}{ﬁﬁ". { CI) prudsau;.{gﬂﬁ [ §
2 [n=18} 4.73 253 (-13.0,2.14)) 586420 967) | 684 {25 184) | D01 {5.63, 19.2)
[ i{n=18) R GO0 =271, | VSE (544, 12,57 | 0.507{000, 9.83 | TeO(ROT 131}
a5 | | |
250 (=181 459 LT (-0, K520 | 7190505 11 .93 | 290 (.M, W™y | 71 (792 18.5% I
007 (n=18}) 897 -1.300 {-226, 3E2 417, 9.61) Q.00(%, *) S82(L17,941)
1.416]

Mate: hapative hetween-nin estmates are rported ag zern. Mo confidancs ST e - S———

variancy estimates and Clare reponied a3 within-ren variance astimates and CI

¢ LDTD-APCI-MS/MS

Nominal Mean Calculated Mean %o Within-run Between-run Taotal percent
Concentration | Concentration difference percent precision percent precision (95%
(ng/mL) estimate (95% (95% C1) precision(93% )
CI) CT)
5 @=1T)% 4.41 118 (-189.- | 2.85(2.02.4.84) | 7.49(4.32,18.3) | 8.01(5.19, 18.5)
4.67)

10 (n=18) 9.53 4.66(-12.5.3.16)| 4.91(3.52.8.11) | 7.28(3.70.18.9) | 8.79(6.23. 19.5)
250 (n=18) 254 1.69(-484 8223 236(1.69,390) | 556(3.55,149) | 641(427.151)
1000 (n=183) 991 -0.950 (-7.28, 1.70(1.22,280) | 6.01(3.67,149) | 6.24(4.04, 15.0)

5.38)

*.in the run 3 (conc.=5.29 ng/mL) was detected as
test (pvalue:0.009). This concentration was removed

a statistical run outlier by the Lund
from the analysis .
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‘ LDTD-APCI: selectivity/specificity (1/4)

UHPLC-MS/MS (gold standard): LDTD-APCI-MS/MS:
product ion chromatogram product ion chromatogram
of blank rat plasma of blank rat plasma
Left: SAR1, m/z 510.3 — 221.1 Blue: SAR1, m/z 510.3 — 221.1
Right: 2H,-SAR1 , m/z 514.3 — 225.1 Red: 2H,-SAR1, m/z 514.3 — 225.1
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‘ LDTD-APCI: selectivity/specificity (2/4)

UHPLC-MS/MS: Product ion LDTD-APCI-MS/MS: product ion
chromatogram of rat plasma spiked with chromatogram of rat plasma spiked with
SAR1 at the LLOQ (5.00 ng/mL) SAR1 at the LLOQ (5 ng/mL)

Left: SAR1, m/z 510.3 — 221.1 Blue: SAR1, m/z 510.3 —» 221.1
Right: 2H,-SAR1 , m/z 514.3 — 225.1 Red: ?H,-SAR1, m/z 514.3 — 225.1
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RT=1.9min RT =0.08 mi
Total run time = 3.9 min Total run time = 0.16 min 16




‘ LDTD-APCI: selectivity/specificity (3/4)

UHPLC-MS/MS: product ion LDTD-APCI-MS/MS: product ion
chromatogram of rat plasma spiked chromatogram of rat plasma spiked
with 2H,-SAR1 (150 ng/mL) with 2H,-SAR1 (150 ng/mL)
Left: SAR1, m/z 510.3 — 221.1 Blue: SAR1, m/z 510.3 — 221.1
Right: 2H,-SAR1 , m/z 514.3 — 225.1 Red: ?H,-SAR1 , m/z 514.3 — 225.1
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‘ LDTD-APCI: selectivity/specificity (4/4)

UHPLC-MS/MS: product ion chromatogram LDTD-APCI-MS/MS: product ion
of plasma spiked with  ?H,-SAR1 chromatogram of rat plasma spiked with
(150 ng/mL) and SAR1 (5.00 ng/mL) 2H,-SAR1 (150 ng/mL) and SAR1 (5 ng/mL)
Left: SAR1, m/z 510.3 — 221.1 blue: SAR1, m/z 510.3 — 221.1
Right: 2H4-SAR:|. . m/z514.3 — 225.1 Red: 2H4-SAR1 'm/z514.3 — 225.1
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‘ LDTD-APCI. carry-over

UHPLC Plasma Concentration (ng/mL) LDTD-APCI Plasma Concentration (ng/mL)
d . LLOQ HIGH LLOQ? | LLOQ® . LLOQ HIGH LLOQ? LLOQP
Nominal 500 | 1000 | 500 | 5.0 Nominal 500 | 2000 | 500 | 500
5.28 1130 5.79 5.20 4.53 1790 4.16 4.43
5.76 1160 * 5.07 5.35 4.36 1820 4.25 4.69
5.38 1030 5.74 5.50 4.19 1790 4.31 4.15
Observed Observed
5.11 1060 5.38 5.25 5.02 1910 3.78* 4.20
5.48 1090 5.58 5.25 5.83 1900 4.14 4.83
5.35 1080 5.26 5.33 5.13 1930 4.16 44
Mean 5.39 1090 5.47 5.31 Mean 4.843 1857 4.204 4.45
Precision %CV 4.04 4.32 517 2.02 %CV 12.54 3.43 1.7 6.01
Accuracy M%D 7.80 9.00 9.40 6.20 M%D -3.13 -7.17 -15.9 -11.0
* > 20% Bias, in statistics * > 20% Bias, in statistics
The sequence is as follow: 6 LLOQ (5.00 ng/mL) and 6 times The sequence is as follow: 6 LLOQ (5.00 ng/mL) and 6 times
HIGH (1000 ng/mL), LLOQ?, LLOQ® HIGH (2000 ng/mL), LLOQ?, LLOQP
# 2 out of 6 of individual LLOQ-a samples (injectedi  mmediately after a

HIGH level sample) may be greater than 20.0% of the nominal

# The point estimates for accuracy (bias) and precisi on (variance) fo
LLOQ samples may not be greater than 20.0%
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&P oo-~rCi: dilution

UHPLC Plasma((;(g)/nr::]el_;ltratlon LDTD-APCI Plasma(ﬁg?r::]i;\tration
s 2000 2000
Dilution factor (v:v) 1:2 Dilution factor (v:v) 1:2
2180 2020
2230 1990
2160 1990
2230 2010
2170 2050
2160 2040
Mean 2190 Mean 2017
Precision (%CV) 1.51 Precision (%CV) 1.24
Accuracy (M%D) 9.50 Accuracy (M%D) 0.83

# 2 out of 6 of individual validation samples can be greater than 15.0%
of nominal

# The point estimates for accuracy (bias) and varianc e (precision) for
each validation level will not be greater than 1u/,/
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‘ LDTD-APCI-MS/MS in GLP environment :

conclusions and prospects

# Validation of the analytical method in GLP environm ent for
SARL1 in rat plasma, focused on following items, suc ceed:

# Calibration model and weighting selection: Passed
# Assay variability: Passed

d» Specificity/selectivity: Passed

» Carry-over: Passed

¢ Dilution: Passed

» LDTD-APCI source should be present in BA GLP labora  tory
In addition to UHPLC for plasma analysis

# LDTD should be used to decrease drastically run tim es If:
# Desorption/ionization process succeed (85% in SA)
# No presence of conjugated compounds, isobaric molecules
# Large number of samples available (thousands)
# Stable isotopically labeled internal standard available

—
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‘ Thank for your attention ! questions?




