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Science and theory

CXCR7: Scavenger receptor for CXCL11 and CXCL12

X12

I-TAC = Interferon-inducible T-cell chemoattractantSDF-1 = Stromal cell-derived factor-1

X11

Naumann et al, 2010, PMID: 20161793
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CoU or the question-based drug discovery (QBDD) approach for clinical development

Can we measure local disruption of the chemokine (CXCL12) gradient in the different 
species?

• Can we measure increase of CXCL12 as a “target engagement” biomarker?

• Do other cytokines also increase as a result of CXCR7 antagonism?

• Can we establish as critical threshold value of CXCL12 increase for efficacy?

Development of a biomarker “toolbox” for a novel MoA

CXCR7 antagonists in cancer and inflammation
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CXCR7: basic pharmacology

CXCR4CXCR3

CXCL12CXCL9 CXCL10 CXCL11

chemotaxis

Chemokine concentration

Cells expressing the corresponding 
chemokine receptor migrate along 
the chemokine gradient

CXCR7
ACKR3

Induced by different triggers in the tissue 
(infection/inflammation/damage/hypoxia)
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CXCR4CXCR3

CXCL12CXCL9 CXCL10 CXCL11

chemotaxis

Chemokine concentration

CXCR7 (ACKR3) is expressed mainly 
on endothelium, epithelium and is 
scavenging its ligands to maintain the 
gradientCXCR7

ACKR3

CXCR7: basic pharmacology
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CXCR4CXCR3

CXCL12CXCL9 CXCL10 CXCL11

chemotaxis

Chemokine concentration

CXCR7
ACKR3

CXCR7: basic pharmacology

CXCR7
angatonist

Missing chemokine gradient = no chemotaxis

Antagonizing CXCR7 leads to an 
increase of its ligands in the periphery 
and disrupts the chemokine gradient, 
preventing cells to migrate along the 

gradient

Β-arrestin recruitment assay ACT-1004-1239

IC50 versus CXCL11 1 nM

IC50 versus CXCL12 1.3 nM
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Inhibition of myeloid cell recruitment at ≥ E50 plasma CXCL12 
levels at trough in a proof of mechanism (POM) model

Inhibition of myeloid cell recruitment (BAL)
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Solid curve represents a 3-parameters nonlinear dose response curve model which
was fitted to all the CXCL12 and ACT-1004-1239 trough plasma concentration data
points. ACT-1004-1239 concentrations below LOQ (1.52 ng/ml) were excluded.
Baseline was set to mean ng/ml of all vehicle-treated mice

• Emax obs: Maximal plasma CXCL12 levels observed at the compound doses tested
• E50: Half-maximal CXCL12 level observed at the compound doses tested
• Baseline: CXCL12 levels measured in vehicle-treated animals 
• BAL: bronchoalveolar lavage
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Biomarker 
Questions
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[BEST biomarker category] to [drug development use].

Asking the right questions (QBDD) for the CoU

CoU: [A pharmacodynamic biomarker] to 
[measure a dose dependent antagonism of 
the CXCR7 receptor] 

Question: Can we measure target engagement?

Question: Can we measure early clinical response?

Question: Can we find a threshold level of 
[CXCL12]

Biomarker Strategy 

CoU: [A surrogate endpoint] to [measure an 
(early) clinical response to antagonizing the 
CXCR7 receptor] 

OR

CoU: [A monitoring biomarker] to [measure 
an (early) clinical response to antagonizing 
the CXCR7 receptor] 

Question: Do we have safety margin?

CoU: [A safety biomarker] to [determine a 
safe dose for antagonizing the CXCR7 
receptor] 

EBF Biomarkers/CoU - Sharing Experience through Examples | 29 Sep 20229



Biomarker Process: stakeholders and partners

Biomarker 
Selection

FeasibilityAssay 
Selection

CoU

GOAL ASSAY CLINICAL 
IMPLEMENTATION

Partners
-Translational 
Biomarkers
-LCT / EDT

Stakeholders
-R&D 
Management

Partners
-Translational Biomarkers
-Therapeutic area (Biol/Pharm)
-IRBR
-ClinPharm and/or ClinSci
-Clinical operations

Partners
-Translational Biomarkers
-ClinPharm and/or ClinSci
-Biometry
-Clinical operations
-CROs

Assay 
validation

Study 
sample 

measure
ment

Data 
analysis

Partners
-Biometry
-CST

Stakeholders
-Development 
management
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What we notice is a shift over time within the critical time between preclinical candidate 
(PCC) and Proof of Concept (PoC) trials. 

• Before entering PCC:  “just to see what happens, we need to see an increase”: proof of 
mechanism (Biologist)

• During PCC: “how much can CXCL12 increase before we observe tox”: safety margin 
(Toxicologist)

• FiH: 

- “We need to see an increase between 4-8ng/ml” (Biologist)
- “A biomarker for minimal effective dose” (Research Physician)
- “Safe dose” (Clinical pharmacologist)
- “A pharmacodynamic biomarker” (Biomarker expert)
- “maximum dose in SAD and prolonged maximum PD in MAD” (EMA FiH guidelines)

…and diversity of biomarker utility opinions

Longitudinal changes of biomarker questions and CoU
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EMA renewed guidelines
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Biomarker 
Decisions
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Mouse 
PoM

Rat PoM

Dog and 
Marmoset

Human 
SAD and 
MAD

From QBDD to CoU

Timeline

Feasibility using CXCL12 ELISA

Feasibility using CXCL12 ELLA

Implementation CXCL12 ELLA

• Proof of Mechanism

• Proof of Concept
• Efficacious and safe dose

CXCL12 ELISA: used for preclinical studies
CXCL12 ELLA : used for clinical studies
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ACT-1004-1239A 1, 6, 10, 30 and 100 mg/kg single oral dose. Time points: 0.5h, 6h and 24h after the 
dose (n=3-5/dose group/time point)

Single dose in male DBA/1 mice
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Relationship between PK/PD: all data points 

Emax=4.2 ng/ml

Solid curve represents a 3-parameters nonlinear dose response curve model which was fitted to all the CXCL12 and 
ACT-1004-1239 plasma concentration data points. ACT-1004-1239 concentrations below LOQ (1.52 ng/ml) were 
excluded.
Bottom was set = 0.97 ± 0.05 ng/ml  mean of all vehicle-treated mice (n=25)
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ACT-1004-1239 1, 3, 10 and 30 mg/kg, twice daily for a total of 2-3 doses. Time points: 0.5, 6, 14 and 24h after the last dose 
(n=4/dose group)

Repeated doses in male Lewis rats

Solid curve represents a 3-parameters nonlinear dose response curve model which was
fitted to all the CXCL12 and ACT-1004-1239 plasma concentration data points. ACT-
1004-1239 concentrations below LOQ (1.52 ng/ml) were excluded. Bottom was set =

0.88 ng/ml mean of all time points from vehicle-treated rats (n=4)

Relationship between PK/PD: all data points 

Emax=1.3 ng/ml
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ACT-1004-1239 5, 15, 50 mg/kg single oral dose. Time points: 0.5h, 1h, 2h, 4h, 4h, 7h , 
10h, 22h, 24h after the dose (n=3/dose group)

Single dose in male Beagle dogs

Relationship between PK/PD: all data points 

Emax= 5.2ng/ml

Solid curve represents a 3-parameters nonlinear dose response curve model which was fitted to all the CXCL12 and ACT-1004-
1239 plasma concentration data points. ACT-1004-1239 concentrations below LOQ (1.52 ng/ml) were excluded.
Baseline = 1.56 ± 0.03 ng/ml  mean of all M vehicle-treated dogs (n=5)
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ACT-1004-1239 5, 15, 50 mg/kg single oral dose. Time points: 0.5h, 1h, 2h, 4h, 4h, 7h , 
10h, 24h after the dose (n=3/dose group)

Single dose in female Beagle dogs

Relationship between PK/PD: all data points 

Emax= 5.1 ng/ml

Solid curve represents a 3-parameters nonlinear dose response curve model which was fitted to all the 
CXCL12 and ACT-1004-1239 plasma concentration data points. ACT-1004-1239 concentrations below LOQ 
(1.52 ng/ml) were excluded.
Baseline = 1.383 ± 0.04 ng/ml  mean of all F vehicle-treated dogs (n=5)0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 2 2 2 4
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CXCL12 - Time course

Ø Peak CXCL12 plasma conc. reached at app. 24 h post dosing

Plasma conc. over time by dose

● Placebo   ● 1 mg    ● 3 mg    ● 10 mg    ● 30 mg    ● 100 mg    ● 200 mg

0-144h
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CXCL12 - Dose response

Ø Dose-dependent increase of CXCL12 conc. with similar fold-change at 100 mg & 200 mg 

Individual CXCL12 plasma conc. at 24h by dose

● Placebo   ● 1 mg    ● 3 mg    ● 10 mg    ● 30 mg    ● 100 mg    ● 200 mg
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The CXCL12 plateau 
may not tell the 
whole thing…..
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CXCL12 biology : proteoforms and biological activity

CXCL12 exists in different splice variants (alpha, beta, gamma).

Alpha
CXCL12α1-68 :     KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKLKWIQEYLEKALNK
CXCL12α3-68 :          VSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKLKWIQEYLEKALNK
CXCL12α3-67 :          VSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKLKWIQEYLEKALN

CXCL121-67 : binds to CXCR4 to induce cell migration
binds to CXCR7 and gets internalized (scavenging)

CXCL123-67 : no biological activity has been identified

Beta and Gamma differ at their C-terminal end

Beta
CXCL12β : KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKLKWIQEYLEKALNKRFKM

Gamma
CXCL12γ:  KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKLKWIQEYLEKALNKRFKMGRREEKVGK…

…KEKIGKKKRQKKRKAAQKRKN
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CXCL12 biology : deactivation and removal

CXCL121-67 CXCL123-67

CXCR7

DPP4
CXCR7-mediated scavenging
DPP4-mediated truncation

CXCL12 deactivation/removal

It remains unclear how CXCL123-67 is removed.
Potentially that pathway could also remove CXCL121-67. 
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Effect of DPP4 inhibition on active and inactive CXCL12

Human
PMID: 28550195

Monkey
PMID: 24500701

Mouse
PMID: 24500701

CXCL121-67 > 3-fold increase 3-fold increase 1.5-fold increase

CXCL123-67 5-fold decrease 100-fold decrease 2-fold decrease

CXCL12tot n.d. 3-fold decrease no change

CXCL121-67 < 0.25 ng/ml
DPP4 inhibitor increases CXCL1-67 > 3-fold

CXCL123-67 = 3 ng/ml
DPP4 inhibitor decreases CXCL3-67 5-fold
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CXCL12 scenario in CXCR7 antagonist clinical study

CXCL12 as a biomarker of CXCR7 antagonism

• CXCR7 antagonist should only increase the CXCL121-67 proteoform.

• Based on CXCR7 MoA only the CXCL121-67 proteoform is relevant.

• Increased CXCL121-67 will be subject to cleavage by DPP4 which will also lead to an increase of CXCL123-67.
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Scenario in case CXCL121-67 removal is significantly faster than CXCL12tot (hypothetical)

Hypothetical consequence: overestimation of PD effect

COMPANY CONFIDENTIAL
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• CXCL12 concentration reach plateau in all species, though in humans the fold change is 
less then in other species. PK/PD behavior in different species so far:

- Mouse > plateau

- Rats > plateau but less fold increase

- Dogs > “increasing plateau”

• Different assay platforms was not the root cause

• Though the final clinical assay supports an Emax decision the biology on the active 
CXCL12 levels makes the human dosing decision uncertain from a PD perspective

Summary CXCL12
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• Initial biological concept made the context of use in models clear

• PoM was obtained using the CXCL12 research assay

• Early decision to use the ELLA assay for on-the-fly analyses in phase I (digital standard 
calibration curves on each plate)

• Because of the EMA guidelines the the fit-for-purpose of the assay was challenged

• Lower dose plateauing raised questions on the translatability from preclinical species 
to man

• The well-known biology of the CXCL12 was investigated to see relevance of the ligand 
binding assay for the treatment concept

• Currently the active CXCL12 levels are under investigation for relevance of plateau

Summary on the biomarker strategy and he CoU 
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Schematic overview of regulations 

Schematic depiction of the regulatory 
aspects in biomarker utility throughout 
their life cycle, from exploration to 
clinical implementation and laboratory 
analyses.

CDX=Companion Diagnostic, IVD=In Vitro Diagnostic, 
LDT=Laboratory Developed Test. CLIA=Clinical Laboratory 
Improvement,  CAP=College of American Pathologists 
ISO=International Organization for Standardization, GCP=Good 
Clinical Practice, TBG=Translational Biomarker Group
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• CoU allows the proper assay format and avoids confusion and therefore delay in 
progress

• While a CoU of may depend on internal decisions, change in regulatory guidance may 
require and adaptation in the fit-for-purpose assay development

• While in Idorsia we adopted the QBDD principles, the change to CoU was seamless

• The continued stakeholder engagement and relatively small size allow the CoU  and 
biomarker strategy to be constantly adapted to the changing environment. 

- The CoU is not a religion it is a construct to serve as a Babylonic translator

Future perspectives
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Watch out 
for more...
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