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Context of Use — free FAP

BM category: Exploratory indirect surrogate target engagement PD biomarker

BM purpose: Proof of target engagement

Stage of drug development, population: Phase |, patients with solid tumour

Biological context: soluble target of anti-FAP therapeutic antibody; soluble Fibroplast Activating Protein
(FAP) is a truncated C-terminal 239 residues of the extra-cellular domain;

Patients: 200-500 ng/mL plasma (Lit.)

Expected magnitude of biomarker change: immediate decrease after treatment due to complex formation
with drug, > -90%

BM impact on drug development: Support Pk/pd analysis and dose selection, not solely used for any
decisions

Risk (patient, regulatory, business): low (7 out of 8 questions = no)

Data evaluation: Concentration data for real time pk/pd analysis; Results after each dose cohort necessary
to support decisions on further dosing

Data comparability: phase | and II, multiple trials (5-6 a), long-term comparability of results!
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The first MSD free FAP assay

Electrochemiluminescence Immunoassay

What does , free” mean?

MSD
* not bound by any binding protein?

* still be able to bind to the receptor? (= bioactive BM)

o i i |
Donkey anti-sheep be able to be captured by therapeutic antibody!
ab Sulfo-Tag * atin-vivo conditions (= directly in the warm blood)?

Technically not possible!
Sheep anti-FAP

pAb  at in-vitro assay conditions!
SFAP * Free”is relative!
e Results depend on sample preparation and assay
Anti-FAP drug - Biotin conditions (shift of equilibrium)

* Drug capture format: risk of overestimation of

Streptavidine
,free” target level
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Free vs. total FAP baseline level

Free FAP MSD

Donkey anti-sheep
ab Sulfo-Tag

Sheep anti-FAP

pAb
sFAP

Anti-FAP drug - Biotin

Streptavidine

e Validation successful
e But....

Subject ID Conc. Measured Ratio
MSD FAP free ELISA FAP total free / total
[MgEq/L]
1015 38.4 89.0 0.43
1016 29.5 65.0 0.45
1017 35.8 80.8 0.44
1018 32.4 83.3 0.39
1019 334 83.0 0.40
1020 35.8 84.8 0.42
1021 30.9 76.8 0.40
1022 25.2 57.3 0.44
1023 28.5 71.3 0.40
1024 33.6 75.4 0.45
1025 435 86.5 0.50
1026 51.0 103 0.50
1027 36.6 88.6 0.41
1028 41.7 91.6 0.46
1029 33.2 74.6 0.45
1030 21.2 50.4 0.42
1031 20.3 63.8 0.32
1032 20.5 51.5 0.40
1033 33.1 75.4 0.44
1034 34.8 82.2 BRI~
Mean ( 0.43 )
S~~—

Total FAP ELISA

Streptavidine - POD

Sheep anti-FAP

Free FAP (MSD) = 0.43 * total FAP (ELISA)
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pAb
sFAP
Mouse mAb anti-FAP
e Reason?
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Reason for different baseline concentrations

Facts Hypothesis Investigation

e |dentical calibration e Different specificity of * Back to research
standard capture antibodies e Comparison

e Identical assay buffer fje:ce‘:t dlfpferent equilibrium versus

isoforms? o :

e Identical detection kinetic assay with
antibody e Free assay detects sho.rt contact times
Diff monomer, total assay antibody — analyte;

[ J o .

w SEIREIE dimer? different results?
antibody . . ,
e Unspecific matrix » Gyrolab immunoassay
compounds interfere platform (Gyros)

in free assay?

™\ Boehringer

il ngelheim U. Kunz, Nov 2022 06/12/2022



Principle of Gyrolab technology

Hydrophobic breaks
ensure consistent
volume delivery

Volume definition
chamber
delivers ultra-accurate
nanoliter sample volumes

Overflow channel
eliminates need for
pipetting accuracy

15-nl affinity
capture column
minimizes non-specific binding

=
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Figure 1: The affinity flow-through technology incorporated into
Gyrolab CDs simplifies assay workflows and shortens run times.

Boehrmger www.gyrosproteintechnologies.com
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Precise, automated control of
centrifugal and capillary forces

which steer liquid flow through
nanoliter-scale microfluidic

structures contained within the CD
in which the assay workflow is
automated

Affinity flow-through format

Laser-induced fluorescence
detection

06/12/2022



Kinetic vs. Equilibrium immunoassay

Gyrolab affinity column MSD planar plate well
g © 5
5 YO «— Y‘ E
- ©
= Ab + Ag = AbAg 2
: 5
E {:} Unspecific binder g
$ © 4
7 ka  [AbAg] = ka  [AbAg] & © & ©{}
kd [Ab][Ag] kd [Ab][Ag] z z z z
 fast mass transport -> contact time: seconds * slow mass transport -> contact time: hours
» Dominant: association rate constant ka * Dominant: equilibrium constant K
* Kinetic discrimination: fastest binder privileged * Strongest binder privileged
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Same Assay design

— identical

a ntl b@d)'lﬂoqescence Immunoassay

Gyrolab

Sheep anti-FAP pAb
Alexa Fluor 647

SFAP

Electrochemiluminescence Immunoassay

MSD

Donkey anti-sheep
ab Sulfo-Tag

Sheep anti-FAP pAb

SFAP

Same calibration standard

* Same capture antibody (drug)

Anti-FAP drug - Biotin

Same detection antibody

Streptavidine
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* Same assay buffer
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First difference: calibration range

Calibration
1000000
100000
——Mesoscale
10000
——Gyrolab
% 1000
Gyrolab g 100 - MSD
ij . .
Calibration range: 10 /// Calibration range:
0.1 - 100 pgEq/L . —— 0.005 — 10 pgEq/L
(3 logs) (3 logs)
0.1
0.001 0.01 0.1 1 10 100 1000

SFAP [ugEq/L]
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Second difference: parallelism

Plasma Donor 1026

100.0

3

‘é:'_ 10.0

e
Gyrolab MSD
Minimum required 1.0 SR required
dilution: 200 dilution:
1:2 Dilution Factor 1:20

W Gyrolab m Mesoscale

Boehringer
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Specificity: Interference anti-FAP drug

~

Boehringe.
Ingelheim

Drug Plasma 1020
added [ visD
[ug/mL] Ratio B/BO
Dilution 1:2  Dilution 1:20 Dilution 1:50 Dilution 1:200 Dilution 1:50
0 1.00 1.00 1.00 1.00 1.00
0.01 1.00 1.08 1.06 1.14 0.97
0.1 0.90 0.90 0.90 0.94 0.96
1 0.09 0.11 0.14 0.16
10 0.02 0.04 0.02
100 0.01 0.01
Plasma 1020
1.20

—e— Gyros Ratio B/B0 Dilution 1:2

1.00 —e— Gyros Ratio B/B0 Dilution 1:20

Gyros Ratio B/BO Dilution 1:50

0.80
o Gyros Ratio B/BO0 Dilution 1:200
S 060 —e—MSD Dilution 1:50
0.40
0.20
0.00
0.01 0.1 1 10 100

Anti-FAP drug [ug/mL]
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 Comparable results

* Interference of drug is
dependent on dilution

* Fixed dilution for all post-dose
samples necessary
(recommended for all free
target assays)

Research: KD (FAP rec.) = 0.3 nM
TMCP: KD (sFAP endogen) = 1.8 nM

Rec FAP # endogenous soluble FAP
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Third difference: plasma concentrations

100.0 . - Free FAP (MSD) = 0.53 * free FAP (Gyros)
e * .o % e - Free FAP (MSD) = 0.46 * total FAP (ELISA)
o ® L ® ® o T L ]
s ° ® °
= ! I o - Free FAP (Gyros) = 0.82 * total FAP (ELISA
w b4 ® e o
2 ' .
= - Correlations acceptable
<
Correlation
Spearman's
Pair rs 95% CI
10.0 Gyrolab free FAP: [ugEq/L],
0123 456 7 8 9 101112 13 14 15 16 17 18 19 20 ELISA total FAP: [ugEq/L] 010 0777 t0 0-965
Plasma Donor Gyrolab free FAP: [ugEq/L],
0.851 0.646 t0 0.941
® sFAP free Gyrolab e sFAP total ELISA sFAP free Mesoscale MSD free FAP: [ugEq/L/]
ELISA total FAP: [ugEq/L],
0 e 3 e 0.916 0.790 t0 0.967

Very constant ratio free FAP (Gyros)/total FAP (ELISA) in pre-dose samples:
* Free FAP (Gyros) = 0.82 * total FAP (ELISA), CV=5% (N=6, pre-dose)
* Free FAP (MSD) = 0.46 * total FAP (ELISA), CV=25% (N=6, pre-dose)
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Example, free FAP patient profile

Comparable baseline level
total FAP (ELISA) and free
FAP (Gyrolab)!

But not free FAP (MSD)

™\ Boehringer
I”ll Ingelheim

120.0
100.0
o 60.0
o
|
a
§ 40.0
20.0
0.0 _— N — - —-—
$H QO N O $H \)
4 a7 D57/ >/ a7
P O < Q7 < S§
S NS N S N3 S
f A\ A\ N4 § A\
& &7 & C Qv Qv

m Gyrolab FAP_free [ugEq/L] W MSD FAP_free [ugEq/L] m ELISA FAP_total [ugEq/L]

Surrogate target engagement!
Anti-FAP drug binds to soluble endogenous FAP
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Comparison free FAP MSD vs. Gyrolab assay

erformance

Method

Electrochemiluminescence
Immunoassay (MSD)

Fluorescence Immunoassay
(Gyrolab)

Calibration range

0.005 — 10 pgEqg/L (3 logs)

0.1 -100 pgEqg/L (3 logs)

Minimum required dilution

1:20

1:2

LLOQ

0.1 pgEq/L

0.2 ugEq/L

Dependent replicates

Duplicates (one dilution, mean of two values in two wells/channels)

Min. sample volume

5uL

Duration of assay (without
sample, reagent, plate preparation)

3 hours

1 hour

Precision

Within-run: 3-9 % CV
Between-run: 3-13% CV

Within-run: 4-6 % CV
Between-run: 4-7% CV

Comparable assay performance except selectivity!
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Conclusion

* Both assays are suitable for measuring samples from clinical studies
— MSD more sensitive (calibration range)

— Gyrolab more selective (significant lower matrix effect = lower minimum required dilution)

* FAP_free (Gyrolab) concentrations in healthy donors are much more consistent with
FAP_total results, stable ratio independent on subject

* Reason for lower FAP_free (MSD) concentrations unknown so far

e Gyrolab best suited for free soluble targets:
+ Reduced unspecific matrix effects due to kinetic discrimination

+ Allows low sample dilutions = low disturbance of drug — target equilibrium in plasma

Thank you for your attention!
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Free FAP Gyrolab method

Name: 1000HC-3W-011-A

Bioaffy 1000 HC CD

Method: 3-step (Capture-Analyte-Detect)
Two wash solutions used for needle washes

- Initial needle wash
- 2 column washes

- Capture addition

- 2 column washes

- Analyte addition

- 2 column washes

- Background detect
- Detection addition
- 4 column washes

- Detect 1%, 5%, 25% PMT
- Final needle wash
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