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Hybrid Assay
MSIA tips

« Automated immuno-extraction procedure
using capture antibody in tips

* Better throughput and more consistent
recovery than original manual ‘column’
method

A ‘hybrid assay’ IA & MS
 Plasma extraction volume 300 pL
ACCEPTANCE CRITERIA

 Because the assays depend on a ligand
binding extraction step, ligand binding
acceptance criteria (4-6-20)* are generally
used and accepted by regulators

*4 QCs from 6 must pass, within acceptance of * 20% nominal
conc.
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Human Insulin Hybrid Assay
Volunteer human insulin data

* |A-LCMS: Generally robust

« Throughput 60 — 100
samples/day per system

« Use carrier proteins* to help
chromatography/stability

* Limit of quantitation 70 pg/mL
(approx. 10-12 pmol/L)

 Dependent on supply of
antibodiesl/tips

*ACTH fragment 1-24,
Leucine enkephalin
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Challenge with Hybrid Method
Needed to change pull down method

 End 2020: MSIA columns no longer in production AR e el e

* No alternative, need to replace with a more robust
process:

« Options: Mag beads/Ab, or SPE
* Previous experience with insulins and SPE

« Should obtain sufficient sensitivity & specificity
using additional physicochemical clean-up and
modern mass spectrometer systems
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Extended clean up
Less specific pull down

« Clean sample & disrupt protein binding with PPT step
- Solid phase extraction (RP HLB Prime or anion exchange)
« At column extraction on line with trap and back elution

« UPLC (Cortecs column) and triple quadrupole MS wors | M
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Pump 1: Loading pump
Pump 2: Dilution pump
Pump 3: Elution pump

TC= trapping column
AC= analytical column




MASS SPECTROMETRY OF INSULIN
Top down

« Electrospray: Intact peptides form
multiply charged clusters. This
example is human insulin
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Product ions:
 Lispro 217
 Human insulin 226
 Aspart 661
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Higher mass product ions & sequences
Lower charge products, more specific

GLARGINE_DAU_867_2 16 (0.268) Cm (4:18)

7+
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Transitions table
SPE tends to higher mass (specific) products

Compound | Glargine _[M1___[M2____|Lispro_|Bovinels _

Hybrid 867>136 959>226 943>136 969>217 956>1121
Tyr By3-y1 Tyr By2 *

SPE 867>984 959>1108 943>1098 969>217 956>1121
A+y19B? * * By2 *
1011>1179

* TBD — poster next year? Try to identify products T-TOF
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Large Peptides with SPE-LCMS
Towards standard toolbox for peptides by LCMS

- Pramlintide and its major metabolite: A synthetic version of 'Y
the 37 peptide residue hormone amylin. Plays a role in e g
blood sugar regulation 3? to

« Can be extracted from plasma using cation exchange solid
phase extraction (SPE)

LLOQ No IS 129 202710A 988.5 > 5681

* Use high mass precursor and product ions to obtain el g h
maximum selectivity _ 131

« Limit of quantitation for this assay is 40 pg/mL pramlintide ‘_:
from 200 pL plasma :

« *SPE + LCMS workflow becoming generic for peptides : i 250 o

*Cation or anion exchange, or mixed mode depending upon peptide sequence
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Four Insulins Combined Assay Calibration

Lines

Instrument Response
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100 — 5000 pg/mL




Limit of quantitation
100pg/mL and bovine insulin IS
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Cortecs LC Column

0.25 mL/minute flow rate 60°C

0.1% propanoic acid in mobile phase
enhances signal

LoBind plate & carrier protein in eluant

« Leucine enkephalin 50 pg/mL
Waters TQ-XS Triple Quad MS



Hybrid vs Physicochemical Assay

Precision and accuracy comparison: human plasma

Glargine LLOQ Low Mid High
metabolite 1 70.0 pg/mL | 200 pg/mL 1000 pg/mL 5000 pg/mL

63.8 174 865 5360

85.4 218 929 &&6880

85.5 231 1050 4960

66.8 193 963 5240

&103 214 1070 5380

67.1 240 1040 &&6110

Mean 78.6 212 986 5660
RSD (%) 19.6 11.6 8.2 12.6
%Bias 12.3 6.0 -1.4 13.2

n 6 6 6 6

Hybrid assay (20/25 acceptance)

Analytical Plasma volume 300 pL.

Glargine
metabolite 1

Mean

RSD%
%Bias

LLOQ
100 pg/mL

109
94.7
98.3
90.3

109

111

102

8.58
2.0

Low

178
183
206
215
191
210

197

7.77
-1.50

6

Mid

988
995
940
929
1100
985

990

6.12
-1.00

6

Physicochemical assay (15/20 acceptance)

High
200 pg/mL 1000 pg/mL 4000 pg/mL

3980
3790
3830
4120
4350
4040

4020

5.10
0.50

6

Physicochemical assay may be more precise. However, slightly less sensitive as the clean-up is less specific
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PEPTIDES by LCMS:
Issues, challenges

Non-Specific Binding with hydrophobic

000923_23004

peptides ’
» Use carrier proteins

Passivation required to improve peak

shape; lots of metal so more of it
* UPLC column in particular needs passivation

Keep backg round Iow ai?)%zg]m:m 200 20 240 280 ' 280 300 320 340 360 380 480 4202‘;:‘4:”?;;%“@:; Wiz%Pzii'Z:uw\,DCZZ'bo 235 250 205 3% 825 3% ’?7?4‘004‘251?‘%?0”“’%‘7";2&;%
» Solvent blank injections to avoid creep up of background

Anti-Drug AntibOdy EffeCts: BT e A b BT T A e Y 1Ay Sl A o T A A R

Loss of internal standard is a giveaway sign; may occur Glargine passivated Non-passivated
with both hybrid and physicochemical approaches
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Effect of ADA; MSIA

ISTD vs Injection Replicate
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Patients dosed with animal insulins
previously showed this effect with MSIA

Not observed so far with SPE,
but have heard of effects anecdotally

Expect SPE to be more robust to this
(crash with solvent & 1% acid)



Summary Pros and Cons
SPE vs Hybrid

» Alternative suppliers available

 SPE plate approx. 1/3 cost of MSIA DARTS
 Less storage, delivery issues
 Improved precision & accuracy

- ADA?TBD
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Higher LLOQ (100 vs 70 pg/mL)
Longer prep time for analysts

More complex 2D assay, keep system clean

Exposure:
Haven’t run direct comparison yet (pools)

but each method appears to produce similar PK data

E.g. Glargine & M2 low Cmax, M1 persistent >24 h, Lispro fast peak
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Higher LLOQ (100 vs 70 pg/mL)
Longer prep time for analysts

More complex 2D assay, keep system clean

Exposure:
Haven’t run direct comparison yet (pools)

but each method appears to produce similar PK data

E.g. Glargine & M2 low Cmax, M1 persistent >24 h, Lispro fast peak

EXPECT THE UNEXPECTED:
HAVE A PLAN B
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Appendix One
Multiple insulins assay validation data

_ Nominal concentration Number Mean calculated Total Accuracy (%Bias) Total Precision
g/mL of samples concentration (ng/mL y (7 %CV

100 24 101 1.00 [ 13
200 24 181 -9.50
1000 24 998 -0.200 | 516 |
4000 24 4040 1.00 | 503 |
100 18 96.4 -3.60 | 155 |
200 18 196 -2.00 101 |
1000 18 1030 3.00 | 58 |
4000 18 4320 8.00 | 857 |
100 18 105 5.00 147
200 18 186 -7.00 | 850 |
1000 18 987 -1.30 6.78
4000 18 4050 1.25 | 551 |
100 24 106 6.00 - 111
200 24 185 -7.50 | 962 |
1000 24 983 -1.70 [ 656 |
4000 [ 24 [ 4050 | 125 [ 4%
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