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Precision Medicine with Biological Therapeutics

• Biological therapeutics target specific proteins

• Biomarkers can provide information on target binding

• Importance of biomarkers is increasing

• This presentation will focus on 1 specific type of biomarker:
– Receptor occupancy assessments

• Determination of the binding of a biological drug to its target

Role of Biomarkers
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Cell

Target receptor

Labeled Detection Antibody

Receptor Occupancy Assays
Assay Principle – General

Drug = 
antibody directed against 

target receptor 
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Receptor Occupancy Assays

Receptor occupancy assays provide information on:

• Binding of the drug to its target

• Activity of the drug
– Determination of optimal dosing of the drug

• Safety assessment
– Duration and level of receptor occupancy
– Overdosing

• Indirect Pharmacokinetic assessment
– Added value besides PK assessments

Application
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To demonstrate drug (in)activity by receptor occupancy assays early 
in drug development 
– Will speed the development process
– Saves money

Determination of receptor occupancy has become a critical 
component of the biomarker portfolio upon submission
– Literature
– CRO experience by working with different pharma companies

Receptor Occupancy Assays
Importance
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• Flow cytometry is a widely applied platform for the performance of 
receptor occupancy assays

• Flow=fluid stream, Cyto=Cell, Metry=measuring

• Fluorescence Activated Cell Sorting

• Uses fluorochrome-tagged (colored) antibodies

• Antibodies can be specific for:
– Membrane proteins (receptors, CD-markers)
– Intracellular proteins (Transcription factors, Cytokines, RNA)

• Fast analysis of thousands to millions of cells (beads)
– Up to 10.000 cells per second

– Mixed populations
– Elaborate populations

Receptor Occupancy Assays
Platform
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• Suboptimal assay conditions 

Challenges
Receptor Occupancy Assays

• Validation parameters

• Acceptance criteria in a regulated environment
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• Suboptimal assay conditions 

Challenges
Receptor Occupancy Assays

• Validation parameters

• Acceptance criteria in a regulated environment
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% Receptor occupancy (RO) = (Tube 2 / Tube1) * 100%

Receptor Occupancy Assays
Assay Principle

Target receptor

Detection Ab

Pre-dose sample Tube 1 Pre-dose sample Tube 2

Excess amount 
Drug in Tube 1

Target receptor

Detection Ab

High fluorescence Low fluorescence

Target receptor

Detection Ab

Post-dose sample Tube 1 Post-dose sample Tube 2

Excess amount 
Drug in Tube 1 + 
Drug from dosing

Target receptor

Drug from 
dosing

Detection Ab
High fluorescence High fluorescence
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RO data
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Receptor Occupancy Assays
Examples applied in clinical trials
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Observation: maximum % receptor occupancy > 100%

Receptor Occupancy Assays
Transfer of the receptor occupancy assay in whole blood to bone marrow

Measurement MFI   
Tube 1

MFI   
Tube 2

% 
RO

Donor 1, x1 2226 2845 127.8
Donor 2, x1 1462 1885 128.9
Donor 3, x1 2697 3043 112.8
Donor 1, x2 1903 2396 125.9
Donor 2, x2 1103 1910 173.2
Donor 3, x2 1385 2033 146.8
Donor 1, x3 1515 1738 114.7
Donor 2, x3 1828 2362 129.2
Donor 3, x3 1640 2160 131.7

Observation: higher signal in Tube 2
RISK: not knowing at what percentage all receptors are fully occupied 
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Receptor Occupancy Assays
Challenges

Target receptor

Detection Ab

Tube 2

Excess amount 
Drug in Tube 1 + 
Drug from dosing

Target receptor

Drug from 
dosing

Detection Ab

Tube 1

Tested conditions:
- Saturating concentration of Drug in Tube 1
- Concentration of Detection Antibody
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Concentration of Drug in Tube 1 Decreased
Receptor Occupancy Assays

Drug conc. 
Tube 1

Detection Ab conc. 
Tube 2

MEF 
Tube 1

MEF 
Tube 2

% 
RO

Drug 37.1 µg/mL 200 ng 6590 10582 160.6
Drug 20.0 µg/mL 200 ng 10940 10761 98.4
Drug 12.5 µg/mL 200 ng 13928 10564 75.8
Drug 4.1 µg/mL 200 ng 15025 10564 70.3

Target receptor

Detection Ab

Excess amount 
Drug in Tube 1 + Drug from dosing

Target receptor

Drug from 
dosing

Detection Ab

Tube 1 Tube 2
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Concentration of Detection Antibody Increased
Receptor Occupancy Assays

Drug Tube 1
(µg/mL)

Detection Ab conc. 
Tube 2 (ng)

MEF 
Tube 1

MEF 
Tube 2

% 
RO

37.1 200 14426 18870 130.8

37.1 400 23646 23342 98.7

37.1 800 28225 26965 95.5

Target receptor

Detection Ab

Excess amount 
Drug in Tube 1 + Drug from dosing

Target receptor

Drug from 
dosing

Detection Ab

Tube 1 Tube 2
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Reproducibility at optimal conditions versus non-optimal conditions
Receptor Occupancy Assays

Tube 1
MEF

Tube 2 
MEF

RO 
%

Between run 
CV (%) 
Tube 1
MEF

Between run 
CV (%) 
Tube 2
MEF

Between run 
CV (%) 

RO
%

Optimal 
Conditions

22717 20187 88.9 2.0 4.0 3.0

22581 18884 83.6

21885 18831 86.0

Sub-optimal 
Conditions

6803 7103 104.4 34.6 17.7 15.6

11649 9751 83.7

6521 7473 114.6
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Receptor Occupancy Assays
Examples applied in clinical trials
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• Suboptimal assay conditions 

Challenges
Receptor Occupancy Assays

• Validation parameters

• Acceptance criteria in a regulated environment
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– Dose-response curve
§ No receptor occupancy
§ Intermediate receptor occupancy; 50% (experience: difficult to 

obtain)
§ Full receptor occupancy; 100%

Receptor Occupancy Assays
Validation parameters

– Reproducibility (0% and 100% RO)
§ Inter-assay reproducibility
§ Intra-assay reproducibility
§ Inter-operator reproducibility
§ Data analysis reproducibility

– Stability (0% and 100% RO)
§ Whole blood stability
§ Stained Cell stability

– Addition of 50% receptor occupancy is optional
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• Suboptimal assay conditions 

Challenges
Receptor Occupancy Assays

• Validation parameters

• Acceptance criteria in a regulated environment
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– General acceptance criteria
§ Bias ≤ 20%, ≤ 30% for rare cell populations
§ CV ≤ 20%, ≤ 30% for rare cell populations 

– Unoccupied: difficult to adhere to criteria due to low percentages

§ Alternative approach: determine threshold when no criteria apply (e.g. 
<10%; no criteria)

§ 100% receptor occupancy: according to standard criteria 

Receptor Occupancy Assays
In a regulated environment: acceptance criteria

% RO % Bias
0.1 2000
1.1



11/23/1621

Know your assay 

Not all matrices are similar

Validation parameters
Consider “Unoccupied”, 50%, 100% occupied

Acceptance criteria
Consider alternative acceptance criteria for “Unoccupied”

Receptor Occupancy Assays
Summary / Take home message
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