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Perspective on target assays and PD markers

For bioanalytical scientists there are three (3) critical questions:
« What are you being asked to measure and why?
« What are you measuring?

« How much cost, time and resource is relevant to invest?

Internal stakeholdeers / KOL Non-engaged / active Target Target accumulation
(competitor comparison)
Health Agencies (eg FDA/EMA) Target "levels”

* Free target assay challenges:
* No absolute measurement for LBA (equilibrium shift, sample dilution, and reagents used in assay)
« The higher the Ky the less reliability of the free assay

« The measurement of Ky may not be correct or representable (buffer/plasma/soluble)

If no meaningful value is generated from the free target assay => no knowledge building but increased cost and time
to patient
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PK/PD assay strategy for the peptide drug

Past

Free/total assays for biotherapeutics has focused on
monoclonal antibodies (mAbs) and similar modalities with low Kp

NN case H__ __OH
Peptide drug inhibits the enzymatic target | | ~40 amino acid peptide

. . o . S with acylati
Acylated drug peptide for increased ty,, via binding to serum albumin with acylation

Original clinical assay strategy
- Total PK assay (LC-MS/MS)
« Free and total target (LBA)
« Pharmacodynamic effect (PD) for a reliable response utilising diagnostic assays
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Inhibition of target receptor interaction

O @D ' TargetA ( 1)

o0 ® O - |
- - - Dru
YYY Y qug Peptide approach
3 o0 e

| | ~40 amino acid peptide
5 S, S——— S with acylation
. . NG J
: Al %, . . .
. . X \maVe Drug administration
O Phase 1: Subcutaneous

Phase 2: Oral

\_ Removal of circulating PD marker Y,

PD marker is measured with a diagnostic assay

PD: Pharmacodynamic




5

EBF Spring Focus Workshop 2023 Novo Nordisk®

Assay formats - peptide drug

Total PK assay Total Target assay Free Target assay
S LCoMS/MS / MSD \ f ELISA \
Drug
NN SulfoTag-Anti-Target antibody
1:1 dilution IS + MeOH Protein \z’"?
Plasma 8M GnD HCI preapltatlon ‘L}
sample —) g
LCMS/MS l % gjm HRP-Anti-target T
SR Antibody
saietass , Free target g / -|7 Drug Free target

Bound target
o !

No digestion Y YYYY W

\ / \ NN Anti-Target antibody / \Biotin labelled drug on streptavidin coy

LC-MS/MS: Liquid Chromatography Tandem Mass Spectrometry PK: Pharmacokinetics. MSD: Mesoscale Discovery. ELISA: Enzyme linked immunoassay. GnD HCI: Guanidine hydrochloride. MeOH: Methanol. IS:
Internal Standard
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Free assay - considerations

Target (free) + Drug (free) <=> Target-Drug (complex)

(Kp=1 nM)

(- .
- R— .

Free assay dependencies

Equilibrium - shift during assay
incubation

Plasma binders of drug
Plasma binders of target
Sample dilution

Assay composition

o @
b s o o o I A

Free Target Assay @ Target

Drug

Novo Nordisk®
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Phase 1 results - PK, free/total target and PD

Issue statement:

/PK
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Expectations and outcome from Phase 1
Group 1: 10 mg dose

Theoretic calculations Outcome
1000 1000-

100- 1004

-
1
-
1
—

Concentration (nM)
>
1
Concentration (nM)
)
1

0.1 0.14
0.01-4 T T T 1 0.01—4 T T T 1
0 20 40 60 80 0 20 40 60 80
Time after dose (day) Time after dosing (day)
— Drug peptide — Drug peptide

Total Target Total target

Teoretic Free (dilution adjusted) - Measured free (dilution adjusted)
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Back to the bench:
Re-evaluation of the free target assay

- Free target ELISA assay was adjusted

Incubation time was shortened

Same dilution for all samples

Dynamic range adjusted to the expected range (affecting ULOQ )

Assay performance was evaluated and found acceptable in the presence of drug

« Gyrolab and Alpha-LISA was evaluated with the same reagents and showed similar
performance as ELISA
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What are you measuring?
(answered by assay development and validation)

Target (free) + Drug (free) <=> Target - Drug complex
Ko

[Free Target] =[Free Drug]

=Kp=1nM

[CO mp lex Target—drug]

Theoretic
Target Drug peptide expected Measured Target Overestimation
(nM) (nM) Target (nM) Final (nM)
QC high 7 25 0.36 5.54 15
QC medium 3 25 0.13 2.31 18
QC low 2 500 0.004 0.35 88

Dilution accounts for approx. 5 times overestimation
Plasma binders and assay reagents accounts for 3-18 times non-linear overestimation
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Phase 1: Re-analysis with optimised free assay

Issue statement:
« Free targetincrease above baseline in contradiction to the clear response on PD
« Free target reaches ULOQ in fixed dilutions - not possible to evaluate if similar result

PK Total and free target
/ \ /Group1:10 mg dose\ /
10000 -
5000 - 3
c 25+ -20 0 c
2 1000 g 2
£ 500 20- 0 & g,
© k3 @
= 154 --20 2 g
G 1001 s TR 3 4.
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MaX - BB T T
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. 0 T T T T '80 3 .
Time (days) 0 20 40 60 80 Time (days)
Time after dosing (day)

. AN AN /




12 EBF Spring Focus Workshop 2023

Conclusion on the free target assay

Data showed the same tendency after optimization as in the initial testing.

Free target increase above baseline in contradiction to the clear response on PD.

K, between target and drug alone cannot be used to calculate theoretic target.

Unpredictable free drug measured.

Free target assay was excluded from phase 2.

Novo Nordisk®
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Conclusion from Phase 2 oral administration

- Total target assay showed target accumulation in line with competitors MoA.

- Reliable total PK assay and diagnostic PD marker supported MoA.
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Future Perspectives

For bioanalytical scientists there are three (3) critical questions:
- What are you being asked to measure and why?

- What are you measuring?
« How much cost, time and resource is relevant to invest?

Target free / total assay challenges for peptide drugs:
 Historical data primarily based on MAbs (one soluble target with low Kp).

« A peptide drugf\/ltarget engagement with several plasma binders is different from previous
experience of MAb therapeutics.

« Shared free assay challenges are needed to educate stakeholders.

Consider relevance of target assay(s) in phase 3 when a reliable PK assay and diagnostic PD
marker is available.
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