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Multi-Domain Protein Therapeutics

What are they?

• Two or more structural domains

• Each with a distinct mode of action relevant to 
the functionality

• Often complex mechanism of action
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Multi-Domain Protein Therapeutics

Image source: https://www.genscript.com/gsimages/genscript/bispecific_antibody_mechanism_of_action.jpg

What are the benefits?

• Enhanced half-life
• Site-specificity
• Targeted killing of tumour cells
• Improved biodistribution
• Increased therapeutic efficacy and/or safety
• Abolish effector function

https://www.genscript.com/gsimages/genscript/bispecific_antibody_mechanism_of_action.jpg
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Multi-Domain Protein Therapeutics –
Immune Response

Why is it important?

• MDP can elicit immune responses specific to each functional domain
• Domain specific ADA may have varying degrees of impact on drug activity, 

PK profile and safety
• To overcome confounding impact of pre-existing antibodies (PEA):
• Could the magnitude of the PEA signal to one domain obscure the 

detection of a treatment-emergent signal to a second domain?
• To understand shift in relative reactivity vs. time, and relationship to clinical 

parameters, with domains that mediate distinct functions
• Additional domain specificity tiers should be considered based on molecule 

specific risk factors

Image source: Guideline on Immunogenicity assessment of therapeutic proteins 
EMEA/CHMP/BMWP/42832/2005 Rev1
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Different Approaches to Determine Domain Specificity Using an Existing 
Confirmatory Method

Conventional
• Competitive inhibition with domain-containing 

molecules

• Can detect high abundance domain-specific ADA

• May generate false-negative results to the other 
domain(s) present in the same sample in low 
abundance

• Highly dependant on the relative levels of each 
domain-specific ADA

Novel
• Published by Vainshtein et al. (2020)

• Evaluates signal inhibition for the specific domain 
when signals from all other ADA are blocked

• Allows signal reduction to be determined for low 
abundant ADA irrespective of the dominant 
domain-specific ADA

• Not reliant on ADA dominance in a polyclonal 
sample
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Novel Approach – How It Works 
Existing confirmatory assay format used

Samples pre-incubated with:
Domain A (tube 2) and Domain 
A + Domain B mixture (tube 3)

Suppress abundant domain-
specific ADA (tube 2)

Suppress all domain-specific 
ADA (tube 3)

Determine % inhibition 
between tube 2 and tube 3

Tube 1 –
ADA-Domain A + 
ADA-Domain B

Tube 2 –
ADA-Domain B 

Tube 3 –
All Domain-ADA Blocked
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Novel Approach – Domain Specificity Cut-Points
Our approach:

> 50 individual drug-naïve samples from the patient population

Depending on prevalence of pre-existing antibodies, it may be necessary to pre-screen and confirm individuals

Pre-incubated without the domain of interest and with all domains

% Inhibition determined for each individual

Outlier evaluation performed

Cut-points determined by the statistician using a suitable method

A cut-point for each domain of interest may be required when feasible. 
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Comparison of ADA Domain Specificity Approaches
Classic vs. Novel – Samples prepared using surrogate domain-specific positive controls 

In the presence of 25 µg/mL 
Anti-Domain B Antibodies

80% of samples were correctly classified using the novel approach vs. 40% using the classic approach 
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Comparison of ADA Domain Specificity Approaches
Classic vs. Novel – Samples prepared using surrogate domain specific positive controls 

62.5% of samples were correctly classified using the novel approach vs 37.5% using the classic approach 
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Domain B ADA Added to Samples with Pre-Existing Antibodies – 1

Classic vs. Novel – Using naturally occurring Domain A-specific PEA samples

All low abundant Domain B ADA were correctly 
classified at ≥250 ng/mL in all PEA samples

5/12 samples showed false-negative results
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Domain B ADA Added to Samples with Pre-Existing Antibodies – 2

Classic vs. Novel – Abundant Domain A-specific PEA characterization

If the Domain B ADA levels are high enough in Anti-A PEA samples, the novel approach reduces risk of false-negatives
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Polyclonal Anti-Drug Antibodies Added to Samples with Pre-Existing 
Antibodies
Classic vs. Novel – How does the surrogate polyclonal anti-drug antibody compare?

Novel Approach wins again! Positive results for Domain B specificity shown at ≥5000 ng/mL ADA for all PEA samples
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Challenges and Limitations

• Assay optimal for multi-domain positive control ADA
• What sensitivity is required for domain specificity? 

• Low domain molecule stock concentration
• Excess domain molecule may lead to non-specific inhibition in blanks
• Optimisation of domain excess concentration required

• Multiple domain-specific positive controls required for development, 
validation and system suitability controls

• A polyclonal ADA against the full molecule could be an alternative option
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Conclusions – Novel Approach Selected

Improved specificity and sensitivity for domain-specific ADAs present in polyclonal ADA samples

Superior for detecting low abundant domain-specific ADA where signal ratios are biased to more 
abundant domain-specific ADA

Conventional approach could generate misleading results in the presence of an immunodominant
domain

To reduce the risk of mis-classification, when should the novel approach be considered for MDP?
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Thank you!
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Questions?


