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Clinical Impact = 

Severity of Consequences 
X

Probability of Occurrence



Immunogenicity

Immunogenicity is the ability of a particular substance, such as an antigen or epitope, to provoke an immune 
response in the body of a human or animal. In other words, immunogenicity is the ability to induce humoral 
and/or cell-mediated immune responses.

Wanted immunogenicity is typically related with vaccines, where the injection of an antigen (the vaccine) 
provokes an immune response against the pathogen (virus, bacteria...) aiming at protecting the organism. 
Vaccine development is a complex multistep process, immunogenicity being at the center of the vaccine 
efficiency.

Unwanted immunogenicity is an immune response by an organism against a therapeutic antigen (ex. 
recombinant protein, or monoclonal antibody). This reaction leads to production of anti-drug-antibodies 
(ADAs) inactivating the therapeutic effects of the treatment and, in rare cases, inducing adverse effects. The 
prediction of the immunogenic potential of novel protein therapeutics is thus a challenge in biotherapy

https://en.wikipedia.org/wiki/Immunogenicity



Overview
Drug Indication Type of product ADA

frequency
ADA consequences

IFNb Multiple 
Sclerosis

Cytokine, native
protein

1-30% Breakthrough disease –
alternative Rx

F VIII haemophilia Coagulation factor, 
native protein

20-30% Breakthrough disease –
Removal of ADA

Acid alpha-
glucosidase (GAA)

Mb. Pompe Enzyme, native 
protein

Depends on 
CRIM status

Breakthrough disease –
Removal of ADA

Epo anaemia Enzyme, native 
protein

Eprex only PRCA

Adalimumab RA, IBD Human mAb, anti-TNF 10-25% Breakthrough disease –
alternative Rx

Infliximab RA, IBD Chimeric mAb, anti-
TNF

10-50% Mostly IRA

Natalizumab Multiple 
Sclerosis

Humanized mAb, anti
VLA-4

5% IRA, breakthrough
disease – alternat. RX

Alemtuzumab MS Humanized mAb, 
anti-CD52

93% IRA?

Bevacizumab Cancers Monoclonal,
anti-VEGF

? ?



Wide range of  ADA in rheumatology

J. Clin. Med. 2023, 12, 3271.



Sensitivity Of  NAB Assay Depends On IFN 

Used In The System

N=40, Betaferon 8MIU

Ross et al. Ann Neurol. 2000

➢ 3 LU/ml (high sensitivity)

➢ 10 LU/ml (medium sensitivity)

➢ 100 LU/ml (low sensitivity)



Known factors (1/2)

ADA development has a complex multifactorial etiology

➢ Genetic factors influence the threshold for developing ADA 
• HA:  

✓ FVIII gene mutation type: 
- large deletions, nonsense mutations, and gene inversions => higher risk
- missense mutations => lower risk

✓ Polymorphisms in immune response genes: IL-10, TNF-α, CTLA-4, HMOX-1

✓ HLA class I and HLA class II alleles DQ and DR15 

✓ Family history of inhibitors => higher risk

✓ Ethnicity: Blacks and Hispanics => higher risk 

• MS: 
✓ HLA class II haplotypes (HLA-DRB1)

Ref.: Miller et al. 2012; Oldenburg et al. 2002

Ref.: Astermark et al.; Repessé et al. 2013 

Ref.: Hay et al. 1997; Oldenburg et al. 1997

Ref.: Astermark et al. 2001, Chalmers et al. 2007, Goudemand et al. 2006

Ref.: Astermark et al. 2005; Miller et al. 2012; Ragni et al. 2009

Ref.: Hoffmann et al. 2008; Buck et al. 2011



➢ Environmental factors determine whether sufficient immune activation occurs to 
overcome the threshold for ADA formation
• HA

✓ Periods of intensive treatment (bleeds, surgery) => higher risk
• RA / IBD

✓ Concomitant treatment with immunosuppressant => lower risk

➢ Disease-related factors, themselves influenced by genetic and environmental factors, 
may also mediate the risk of ADA development:
• MS

✓ Oligoclonal immunoglobulin G (IgG) band-negativity => lower risk
• RA 

✓ High disease baseline activity => higher risk
• Pompe

✓ CRIM status

Known factors (2/2)

Ref.: Bartelds et al. 2011

Ref.: Lundkvist et al. 2010

Ref.: Bendtzen et al. 2006; Lee et al. 2012

Ref.: ter Avest et al. 2008; Gouw et al. 2007

Kishnani PS et al Mol Genet and Metab 2010



Biologicals by MoA

Monoclonal ABs

(Cyto) toxic
e.g. Alemtuzumab

Rituximab

Binding/
blocking

Soluble proteins
e.g. anti-TNFa

Anti-VEGF

Cell-bound proteins
e.g. Natalizumab

Endogenous proteins

Substitution
e.g. Epo, GAA

Excess
e.g. IFNb



• Anti-alemtuzumab antibodies are known to 
develop in response to alemtuzumab 
administration

− Anti-drug antibodies have negatively 
impacted some MS treatments

• 87% of patients were “ever positive” for anti-
alemtuzumab antibodies

• 6.7% of patients with anti-alemtuzumab 
antibodies were “always negative” for 
inhibitory antibodies

• Correlations sought with anti-alemtuzumab 
status and titer
– Pre-treatment
– Peak within-treatment

• Anti-alemtuzumab antibody status was not 
correlated with relapse rate (Figure), risk of 
sustained accumulation of disability (SAD), 
imaging endpoints, safety outcomes, or 
pharmacodynamics

Data on file, Genzyme Corporation.

Study Interval

Anti-alemtuzumab Antibodies in CARE-MS I

Relapse Rate by Antibody Status



Rheumatoid arthritis infliximab:
Sustained minimal disease activity and sustained remission. 

Sustained minimal disease activity (A) and sustained remission (B) in patients classified according to 

anti-infliximab status during the 52-week follow-up. 

Sophine B. Krintel et al. Rheumatology 2013;52:1245-1253



Clinical consequences of  anti-Infiximab Abs

in IBD

European Journal of Gastroenterology & Hepatology 2012, 24:1078–1085



IFNB study group

Neurology 1996;47:889-894
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NABs and BABs

Andlauer et al. BMC Medicine (2020) 18:298



Neurology 2003;60:37-43.

Titre-dependency of clincal effects



Time of First Positive Result
In Patients Who Developed Any Antibodies
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EDSS progression (95% CI) by antibody status over 2 years of
natalizumab treatment

Neurology® 2007;69:1391–1403



Figure Imaging and immunostaining(A–G) MRIs showing aspects of the malignant 

transformation. 

Anders Svenningsson et al. Neurology 2013;80:965-967

© 2013 American Academy of Neurology

Patient developed ADA against Natalizumab within 2 
months and severe disease rebound after 6 months
followed by fatal course of brain inflammation. 

Rare severe consequences of ADA in 
Natalizumab treatment of MS



PLoS One. 2016; 11(11): e0162752. 



IFNb ADA and risk for anti-Natalizumab ADA



Common factors
prospective study



Timing and frequency of ADA



Multivariate Analyses



Summary

Wide variation of clinical consequences of ADA

Wide variation of ADA frequency

Interference between factors driving disease and factors driving immunogenicity

Assay set up

Underlying disease, age sex

Timing

Common denominators: Smoking, infections, co-medication, some preliminary genetic
factors
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