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• Develepment of anti-drug antibodies
(ADA) towards the therapeutic mAbs

• Theoretically reduced immunogenicity
with humanized and human mAbs

Lopes dos Santos BJPS 2018
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Immunogenicity of therapeutic mAbs
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Getts moAbs 2010
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Phase I/II adalimumab biosimiars, single dose 40mg, 72d follow-up

FDA EPAR documents

Difference in anti-drug antibody ratio despite

• Same technique (MSD ECL)

• Same assay design (homogeneous bridging, acid 
dissociation)

• Same capture/detection reagents (labeled biologic)

Ø Small difference is reagent concentrations, and the 
properties of surrogate positive control determines 
cut-off for positivity

Differences in immunogenicity of same drug
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• Immunogenicity rate in initial clinical studies of 
Humira in different diseases are much lower: 2 % -
26 %
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Requirements from regulatory agencies

Development of different assays:
1. Screening assay
2. Confirmation assay
3. Titre assay
4. Neutralization assay

Important requirements
• Detection of all (clinically) relevant antibodies
• Low false positive rate is desirable, false negative results are unacceptable
• Drug tolerant
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Requirements from regulatory agencies

Development of different assays:
1. Screening assay
2. Confirmation assay
3. Titre assay
4. Neutralization assay

Important requirements
• Detection of all (clinically) relevant antibodies
• Low false positive rate is desirable, false negative results are unacceptable
• Drug tolerant
• Only applicable for monoclonal antibodies
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ADA testing in the clinic

• Patients studies of approved drug
• Adalimumab (anti-TNF)
• Infliximab (anti-TNF)
• Ustekinumab (anti-IL-12)
• Natalizumab (anti-α4β1 integrin)

• Anti-drug antibodies (ADA) to help physician in decisions on treatment
• Clinical relevance of ADA 
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Bridging ADA assay  
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*: depending on the capture reagent used, here specified for protein A

Antigen binding test (ABT)
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Drug interference
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Drug tolerance of the assays is improved by acid dissociation

In presence of 
labelled drug/ 
drug-F(ab’)2

Bloem et al. J. Immunol. Methods 2015 

Antigen binding test

Antigen binding test 
with acid treatment

ECL
with acid treatment

Adalimumab: ADL
human anti-TNF moAb
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Increased ADA detection in drug tolerant assays

Antigen binding test 
with acid treatment

ECL
with acid treatment

Antigen binding test

Bloem et al. J. Immunol. Methods 2015 

• 94 adalimumab treated RA 
patients
• 40 mg every other week SC
• 20 patients 80 mg
• Samples taken before the next 

administration

However, which assay is 
correlated with clinical relevance? 
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Correlation ADA and clinical efficacy in other diseases

29 adalimumab treated 
patients with plaque psoriasis

West et al. Aliment Pharmacol Ther 2008
Lecluse et al. Arch dermatol 2010 

30 adalimumab treated 
patients with Crohn’s disease
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Correlation ADA and clinical efficacy with other anti-TNF mAbs

Wolbink et al. Arthritis 2006

52 infliximab treated patients 
with rheumatoid arthritis 

de Vries et al. Ann Rheum Dis 2007

38 infliximab treated patients 
with ankylosing spondylitis 
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Correlation with clinical outcome depends on ADA assay

Van Schouwenburg et al. Ann Rheum Dis 2013

ABT: drug sensitive PIA: drug tolerant 

99 adalimumab treated RA patients
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ADA and drug levels
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Drug senstive ADA assay Drug tolerant ADA assay

Van Schouwenburg et al. Ann Rheum Dis 2013, Bloem et al. J. Immunol. Methods 2015
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Clinical relevant ADA for ustekinumab

Loeff et al. J Invest Derm 2020

Ustekinumab: anti-IL-12 (p40 subunit)
340 patients with psoriasis
RIA: drug sensitive
dtELISA: drug tolerant
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Clinical relevant ADA for ustekinumab

Loeff et al. J Invest Derm 2020

RIA: drug sensitive
dtELISA: drug tolerant
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Higher drug tolerance for natalizumab (IgG4 moAb)

Rispens et al. Anal. Biochem. 2011 

IgG4 can exchange half molecules with other IgG4 
Resulting in bi-specific antibodies Reduced drug interference of IgG4 moAb biologics

Rispens et al. J Pharm biomed Anal 2013 

Natalizumab binds α4 chain of α4β1 integrin and blocks the 
migration of leukocytes across the blood-brain barrier into 
the central nervous system
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High levels of anti-natalizumab antibodies reduce efficacy

Vennegoor et al. Mult Scler 2013 

73 natalizumab treated patients with multiple sclerosis
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Drug concentration is the main driver in clinical efficacy

Jani et al ARD 2017; Tsakok et al Jama Dermatol 2020; Takahashi et al J Dermatol 2013; Wilkinson et al J Invest 
Dermatol 2019; Kneepkens et al 2016; Harrer et al Clin Immunol 2017; Pouw et al. Ann Rheum Dis 2015
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PK is driving our testing advice

Sanquin and Bloem et al. Ther Drug Monit 2017 
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ADA

Infliximab Low ADA/drug 
concentration

High ADA/drug 
concentration

• Clearance
• Neutrophil activation
• Macrophage activation
• Complement activation 

Link between ADA and side effects



Infusion related reactions are linked to ADA level
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Pascual-Salcedo et al. Rheumatology 2011 

85 infliximab treated patients with RA 
measured in drug sensitive assay

Baert et al. N Engl J Med 2003 

125 infliximab treated patients with Crohn’s 
disease measured in drug sensitive assay
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Very limited IgE detection

Van Schie et al. Ann. Rheum. Dis. 2017 

Cut-off clinical relevance
LOD



Summary 

• Increased sensitivity of ADA assays is not always needed (or even wanted)
• Drug tolerant assays are not preferred when clinically relevant ADA needs to

be detected (at trough) 
• Increased sensitivity and drug tolerant assays can confound effect of ADA on 

efficacy
• Side effects can be caused by ADA, but mostly related to high ADA levels

• Drug level is the main driver in treatment efficacy
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