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Requested Bioanalysis in ADC programs
LC-MS/MS assays for quantification of ADCs requested:

1. Quantification of free toxin — key to patient safety

» Consideration of toxin-linker and toxin-metabolite
> Traditional small molecule LC-MS/MS bioanalysis

2. Quantification of “total antibody” (i.e. including DARO)

» Whole serum digestion or affinity extraction of antibody prior to proteolytic digestion
and LC-MS/MS

3. Quantification of drug-conjugated antibody (i.e. excluding DARO)

> Immunoaffinity extraction via anti-toxin prior to proteolytic digestion and LC-MS/MS
> Highlight a number of considerations and technical challenges of MSIA

4. Evaluation of DAR (drug/ antibody ratio) in vivo, or for in vitro serum/ plasma stability
studies

» Link to BioCMC characterisation studies

COVANCE
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Her vcE selected to generate demonstrative data

> Numerous analytical challenges come from any, or all, of the three components of the given
ADC: the antibody, the linker, and/ or the drug

» Initial demonstrative studies using Her vcE
> (Herceptin® Maleimidocaproyl valine-citruline monomethyl Auristatin E)

We had Her vcE in the freezer!

Conjugation to cysteine residues — no expected blocking of tryptic digestion

Total antibody assays considered unlikely to be affected by toxin/ linker stability
Previous experience with this model ADC (incl. BioCMC characterisation studies) and
with Herceptin

YV VY

> Anti-toxin antibodies commercially available for immunoaffinity extraction methods
Maleimido caproyl valine citrulline PABA MMAE
N N A A
e N/ N/ AV ad ™

Iysoso mal proteolysis HyC

Average DAR 3.5 by HIC-UV, RP-HPLC-UV
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Strategy One: Whole Serum/ Plasma SMART Digest™
Total ADC

25 puL serum + 25 pyL 50 pg/mL Lysozyme (ISTD) _
<«<—__ > Isotopically labelled

internal standard
Add 150 uL supplied digestion buffer, mix not required

|

Load into SMART Digest™ tubes; 70°C for 2 h with mixing (1200 rpm)

|

SPE with Waters Oasis® HLB 10 mg

v
v Evaporative concentration & reconstitution
gample _ v > SPE step serves to
rocessing
Time: 5.5 | LC-MS/MS remove salts and
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(Sciex API 5000™, Waters Acquity®) undigested protein
’ prior to sample

Phenomenex Kinetex® XB-C18 1.7 ym column concentration and
Water/acetonitrile phases + formic acid LC-MS/MS
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Strategy One: Whole Human Serum SMART Digest™

Her vcE, Validation 0.1 - 50 pg/mL
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Strategy One: Whole Human Serum SMART Digest™
Her vcE, Validation 0.1 - 50 pg/mL

THREE PRECISION AND ACCURACY RUNS WITH SELECTIVITY AND STABILITY TESTS

QC 0.1 pg/mL QC 0.3 pg/mL QC 3.5 pg/mL QC 40 pg/mL
(LLOQ QC) (LoQC) (MeQC) (HiQC) . . . .
Run Replicate Observed Observed Observed Observed > SIX IndIVIduaI IOts Of
concentration concentration concentration concentration 1 . -
e s e i matrix at LoQC: 97.3
"One 1 0.110 0.291 3.36 410 109.1 % dCCUu racy
2 0.106 0.257 3.63 415
3 0.098 0.296 3.63 415
4 0.120 0.328 3.65 41.7 > HaemOIysed and
5 0.104 0.272 3.80 415 H F
6 0.097 0.291 3.46 43.6 Ilpldaemlc LOQC and
Frwo 1 0.090 0275 3.50 38.7 HIQC samples: 98.3-
2 0.088 0.265 3.36 38.4
3 0.072 0.302 3.58 37.1 110.3% accu racy
4 0.089 0.267 3.57 445
5 0.092 0.294 3.43 41.0 AR
d o o - o > Stability samples
"Three 1 0.094 0331 3.38 40.8 acceptable:
2 0.108 0.334 3.70 44.0
3 0.110 0316 3.65 42.6
4 0.113 0.293 3.58 43.1 » 24 hour room temp
5 0.106 0.309 3.63 415
6 0.111 0.308 3.58 39.7 > 3Xx freeze-thaws
Mean (pg/mL) 0.0998 0.295 3.55 413
Standard deviation (n-1) 0.0120 | 0.0229 0.124 | 1.94 | > 3 days for extracts
RSD (%) 12.0 7.8 35 4.7
Accuracy (%) 99.8 983 101.4 103.3
n 18 B 18 18 B 18 B
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Strategy Two: Protein G/ SMART Digest™
Total ADC

30 pL serum + 25 pyL 50 ug/mL analogue mADb (ISTD)

|

GE Healthcare Protein G HP MultiTrap™ 96-well plate

|

Elute with acidic solution into neutralising buffer

|

Load into SMART Digest™ tubes; 70°C for 2 h with mixing (1200 rpm) g

|

v SPE with Waters Oasis® HLB pElution
Sample l
Processing
Time: 6.5 h LC-MS/MS

(Sciex API 5000™, Waters Acquity®)
Phenomenex Kinetex® XB-C18 1.7 ym column
Water/acetonitrile phases + formic acid
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“T——— 5 Analogue mAb

internal
standard
required for co-
extraction with
analyte mAb
using Protein G

Neutralisation
of acidic eluate
is critical prior
to tryptic
digestion
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Strategy Two: Protein G/ SMART Digest™
Her vcE, Human Serum Method Validation, 0.1-50 pg/mL
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Strategy Two: Protein G/ SMART Digest™
Her vcE, Human Serum Method Validation, 0.1 - 50 ug/mL

THREE PRECISION AND ACCURACY RUNS WITH SELECTIVITY AND STABILITY TESTS

QC 0.1 pg/mL QC 0.3 pgmL QC 3.5 pgmL QC 40 pg/mL

(LLOQ QC) (LoQC) (MeQQ) (HiQC)
Run Replicate Observed Observed Observed Observed
concentration concentration concentration concentration
(ng/mL) (pg/ml) (ngml) (ng/mL) .. . .
One 1 0.096 0.281 3.31 39.3 > SIX individual lots Of
: 0105 0300 2 o4 matrix at LoQC: 87.1-
4 0.098 0.297 3.53 37.7 97.6% dccuracy
5 0.077 0.298 3.25 40.7
6 0.114 0.287 3.06 41.0 > Haemolysed and
Two 1 0.075 0.267 3.81 41.4 .- .
2 0.095 0.323 3.56 429 Ilpldaemlc LOQC and
3 0.098 0.310 3.76 429 H|QC samples: 89_3_
4 0.087 0.311 3.32 39.9 o
5 0.090 0.257 2.66 36.7 98.8% daccuracy
6 0.078 0.268 3.33 35.7
Three 1 0.105 0.334 3.68 4238 > Stability samples
2 0.081 0.308 3.64 40.8 .
3 0.133 0.320 3.52 42.0 acceptable'
4 0.087 0.288 3.40 39.8
5 0.099 0.288 3.20 378 > 24 hour room temp
6 0.098 0.272 3.16 454
Mean (pg/mL) 0.0950 0.293 337 40.6 > 3x freeze-thaws
_Standard deviation (n-1) 0.0142 [ 0.0220 [ 0.279 247 [
RSD (%) 14.9 75 8.3 6.1
Accuracz S%! 95.0 u 97.7 u 96.3 | 101.5 |
n 18 18 18 18
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Strategy Three: Immunoaffinity Extraction
Method Development Challenges

DAR Ratio
Need at least 1ug to
Assess DAR ratio ?
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Strategy Three: Immunoaffinity Extraction
Quantification of Drug-Conjugated Antibody (Excl. DARO)

50 pL serum <\

Anti-toxin Immunoaffinity extraction: ]
MSIA™ D.A.R.T’S™ Streptavidin & Versette™, Thermo Scientific™ > Analogue + toxin
Or Dynabeads® M-280 Streptavidin magnetic beads, Invitrogen » Analogue - toxin

» Availability of internal
standard

\4
Elute with acidic solution into neutralising buffer

A4
Load into SMART Digest™ tubes; 70°C for 2 h with mixing (1200 rpm)

v
A\ 4
Sample SPE with Waters Oasis® HLB pElution
Processing
Time: 12 h v
LC-MS/MS

(Sciex API1 5000™, Waters Acquity®)
Phenomenex Kinetex® XB-C18 1.7 pm column

Water/acetonitrile phases + formic acid A/N/—\
Cov CE
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Strategy Three: Anti-vcE/ SMART Digest™
Her vcE LLOQ from Human Serum using anti-MMAE

Retention time Retention time -
LLOQ 2.21 minutes 4.16 minutes Avasjtm surrogate
(0.1 pg/mL) 221 « peptide (ISTD)
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Strategy Three: Anti-vcE/ SMART Digest™
Her vcE Calibration curve from Human Serum using anti-
MMAE

Calibration range 0.1 to 5 ug/mL

\

Saturation could be
resolved by increasing

Anti-MMAE antibody from
1 ug to 2.5 ug (extra cost)

Analyte Area /1S Area
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Strategy Three: Current Optimum Conditions

1) Binding anti-MMAE to streptavidin MSIA tips/ magnetic
bead

» Dilute anti-MMAE in BSA before binding to streptavidin
MSIA tips/ magnetic beads

2) Loading ADC and wash steps

» MOPS buffer at pH 6.4 provided best sensitively suggesting
potential instability of ADC at Ph 7.4

On-going work

1) Assess the amount of free MMAE in stock solution
» Buffer exchange stock ADC solution

2) Move the analysis onto a AP16500

» Assess the lowest limit of quantification

3) Validate methodology
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Middle-up LC-MS following ldeS digestion and
DTT reduction

» Firth D, et al. Anal Biochem, 485 (2015) 34-42

» Arapid approach to Characterisation of Thiol-conjugated ADCs and

Calculation of DAR by LC-MS \ /
> Injection of 0.1-2 ug

Co-elution of Fc/2, Fd and LC subunits into ESI-QToF MS

Adapt for serum extracts? IdeS &
Investigate any bias in anti-MMAE binding? | | Endo S2
ndo

Evaluation of DAR for serum stability studies/ in vivo catabolism studies?
Fc/2 |

50 uL serum, 20 pug/mL Her vcE = 1 ug
1007 L ~24140
C\ LCavoE Fd+vcE Her vcE, DAR 3.5, 1 ug @ DTT

Y Vv

YV VYV

26700
23443

501 Fd

25383

25 Fd+2vcE
23995 : 25398 26682 28010 +
24233464 2307 (24158 24742bseqy / 23938 \26718 27237 28572 d 29:333)1/ cE
W VB 4 ) e 25554 | 0 ) | ¥ ;
0 T A T + T = Pyt T r T T T T T T Y 1 o C C
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Conclusions

» Whole plasma/ serum digestion can work very well if you
have a suitably unique peptide, better selectivity/ sensitivity
achieved using the protein G cleanup prior to tryptic
digestion

» Immunoaffinity extraction of drug-conjugated antibody more
costly due to cost of MSIA tips or magnetic beads, plus the
cost of anti-toxin antibody

» Adsorption is a major issue at various points in the
methodology

> Sub 0.1 ug/mL LLOQ achievable with ~ 100 fold calibration
range

» Concerns of DAR bias and the ability to assess this at the
lower end of the calibration range

» Significant amount of method development time required,
long extraction time and the need for automation
COVANCE.
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