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Exploratory phase Confirmatory phase 

Target Engagement Models
There is a need!

Go / no-go decision

Fail early / fail cheap
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Target Engagement Models
There is a need!



… an unpleasant sensory and emotional

experience associated with, or resembling

that associated with, actual or potential tissue 

damage. 

IASP 16 July, 2020 
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Pathofysiologie:

CGRP: Calcitonin Gene-Related Peptide

Target Engagement Models
pathophysiology of migraine
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Target Engagement Models
CGRP: the target to go for…

• Calcitonin Gene-Related Peptide (CGRP):

• 37 AA neuropeptide

• Discovered in 1982 (Amara et al.) 

• Interacting with the CGRP-R:

• G protein-coupled receptor / heterodimer



CGRP containing perivascular nerves in 

rat mesenteric resistance artery

(By courtesy of J. de Mey, Maastricht, The Netherlands)

• Calcitonin Gene-Related Peptide (CGRP):

• 37 AA neuropeptide

• Discovered in 1982 (Amara et al.) 

• Interacting with the CGRP-R:

• G protein-coupled receptor / heterodimer

• Very potent vasodilator

• 1990: involvement in migraine

Target Engagement Models
CGRP: the target to go for…



N Engl J Med 2004; 350(11): 1104-10

CGRP

PoC: Proof-of-Concept

Target Engagement Models
CGRP: from concept to proof
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CGRP: from concept to proof



Br J Pharmacol 2002; 135: 356-362

CGRP
Receptor

CGRP

Brain S. et al. Nature 1985; 313: 54-56

Target Engagement Models
from basic to clinical pharmacology



Target Engagement Models
nociception, TRPV1 and CGRP

Nature Drug Rev Disc 2007; 6, 357-372



Hershey et al. Regulatory Peptides 2005; 127: 71

By courtesy of S.A. Kane, Merck Research Laboratories

Target Engagement Models
from basic to clinical pharmacology: non-human primate



Laser Doppler 

Perfusion Imager

rubber “O”-rings

Target Engagement Models
from basic to clinical pharmacology: human primate…



Van der Schueren et al. Br J Clin Pharmacol 2007; 64: 580-590

Target Engagement Models
from basic to clinical pharmacology: reproducibility



Br J Clin Pharmacol 2007; 64: 580-590

Target Engagement Models
from basic to clinical pharmacology: reproducibility



Van der Schueren et al. J Pharmacol Exp Ther 2008; 325: 248-255

Target Engagement Models
from basic to clinical pharmacology: validation
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MK-0974: “born” on 27 September 2004

Nature Rev Neurol 2018

Cephalalgia 2009: Vol. 29 Suppl. 1 PO02 (IHS congress Philadelphia, 2009)

Target Engagement Models
small molecule CGRP-R antagonists: “gepants”



Br J Clin Pharmacol 2009; 69: 15-22

11 September 2009

U.S. Pharma major Merck & Co provided an

update on its migraine drug research pipeline 

with particular emphasis on the latest results for

MK-0974 and MK-3207…

Target Engagement Models
small molecule CGRP-R antagonists: the curse…



Br J Clin Pharmacol 2009; 69: 15-22

11 September 2009

U.S. Pharma major Merck & Co provided an

update on its migraine drug research pipeline 

with particular emphasis on the latest results for

MK-0974 and MK-3207…

MK-0974: “killed” by hepatotoxicity

Hepatotoxic!

Target Engagement Models
small molecule CGRP-R antagonists: the curse…



Target Engagement Models
small molecule CGRP-R antagonists: the curse…



CGRP-receptor antagonists:

From small molecules (“gepants”) to… biologicals

Nature Drug Rev Disc 2013; 12: 249-250
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BIBN 4096 MK-0974: “killed” by hepatoxicity

Target Engagement Models
from small molecules to mAbs: from cure to prevention



Code Name Target Class of mAb

LY2951742 Galcanezumab CGRP ligand Humanized IgG4

ALD403 Eptinezumab CGRP ligand Humanized IgG1

TEV-48125 / LBR-

101

Fremanezumab CGRP ligand Humanized IgG2a

AMG 334 Erenumab CGRP receptor Fully human IgG2

mAb = monoclonal antibody 

Target Engagement Models
from small molecules to mAbs: from cure to prevention



J. de Hoon et al., Cephalalgia 2013; vol 33(8 Suppl): 247-248, P367; (IHC Boston, 2013)

S. Vermeersch et al., Cephalalgia 2013; vol 33(8 Suppl): 249-250, P370; (IHC Boston, 2013)

Target Engagement Models
CGRP binding mAb: LY2951742



mAb Target Phase II dose 50% response

rate (%)

LY2951742 CGRP 150 mg SC 47

ALD403 CGRP 1000 mg IV 60

TEV-48125 / 

LBR-101

CGRP 225 - 900 mg SC 
(chronic migraine)

53 - 55

AMG 334 CGRP-R 70 mg SC 46.5

Dodick et al., Lancet Neurol, 2014; 13: 885-892

Target Engagement Models
CGRP binding mAb: LY2951742



de Hoon et al. Clin Pharm Ther (2017)

Phase 1(a)

Phase 1(b) / Phase 2

Target Engagement Models
CGRP-receptor binding mAb: AMG 334



de Hoon et al. Clin Pharm Ther (2017)

Target Engagement Models
CGRP-receptor binding mAb: AMG 334



T. Vu et al.,  International Headache Conference, Valencia, May 2015

Target Engagement Models
CGRP-receptor binding mAb: AMG 334



Target Engagement Models
alternatives?



Nature Drug Rev Disc 2007; 6, 357-372

Neuron 2010; 66: 671-680

Target Engagement Models
TRPA1 and nociception



Target Engagement Models
TRPA1: AITC model



Target Engagement Models
TRPA1: AITC model in rodent



Target Engagement Models
TRPA1: AITC model in human



Target Engagement Models
TRPA1: AITC model in human



Balestrini et al. J Exp Med 2021

Target Engagement Models
TRPA1 inhibition in AITC model



We’ve got a new wonder drug!   

…   we give it to you and 

wonder what it will do

time

learn

Target Engagement Models
Summary and conclusions
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