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Why monitor ADA?

• Potential issues 

• loss of efficacy (which will be related to PK)

• adverse effects

• Why measure ADA at all?

• PK / target binding of drug can be assessed directly• PK / target binding of drug can be assessed directly

• Both loss of response and adverse effects: clinical assessment 

• Reasons to measure ADA:

• Identify reason for loss of response / adverse event

• Prediction of loss of response / adverse events



Outline

• ADA and clinical response

• ADA and adverse events

• Transient responses & early prediction• Transient responses & early prediction



TNF blockers

Inflammation in e.g.

• Rheumatoid arthritis

• Crohn’s disease

• Psoriasis

can be surpressed by blocking TNF:

Infliximab AdalimumabEtanercept Golimumab Certoluzimab
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Therapeutic drug monitoring and 
immunogenicity testing – Amsterdam area

• systematic collection of data and serum samples of patients
treated with biologicals

• inflammatory conditions: rheumatoid arthritis, psoriatic arthritis, 
psoriasis; multiple sclerosis, ...



Relation between ADA and clinical response





Anti-adalimumab  in RA patients on standard adalimumab 
dose after 28 weeks of treatment

 different numbers of ADA+ patients 
in different assays
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Single-dose adalimumab PK biosimilars

Cyltezo (BI 695501) Imraldi (SB5)



Correlation with clinical outcome depends on 
ADA assay 

ABT (drug-sensitive) PIA (drug-tolerant)

Bartelds et al., JAMA April 2011; van Schouwenburg et al. ARD 2013
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Drug-tolerant vs drug-sensitive: 
(semi-)quantitative comparison
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Drug levels vs anti-drug antibodies: a balance

100000 100000

ABT vs PK PIA vs PK

10000

100000

bridging elisa vs PK

10

100

1000

10000

0.001 0.01 0.1 1 10 100

A
D

A
 (

A
B

T
; 
A

U
/m

L
)

adalimumab (ug/mL)

10

100

1000

10000

0.001 0.01 0.1 1 10 100

A
D

A
 (

P
IA

; 
A

U
/m

L
)

adalimumab (ug/mL)

0

1

10

100

1000

10000

0.001 0.01 0.1 1 10 100b
ri
d
g

in
g
 E

L
IS

A
 A

U
/m

l

adalimumab µg/ml

Hart et al., 2011; Bloem et al. 2015



Concentration-effect curve (adalimumab/RA)
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RA-TDM STudy 

dose-reducTion if adalimumab >8mg/L 

l’Ami, Ann Rheum Dis 2018



Dose reduction / treatment discontinuation 
(without TDM)



Immune Complexes:Immune Complexes:
Neutralization & clearance



Anti-drug antibodies to therapeutic antibodies are 
largely neutralizing

IL12

IgG1

psoIndication:

TNF α4β1TNFTNFTNF

IgG1 Fab IgG4IgG1 IgG1

RA, IBD RA, UC RA RA, IBD MS

Target: 

Subclass: 

van Schie et al. JACI, 2017; van Schie et al. ARD, 2015



Human monoclonal anti-infliximab antibodies 
Tools to investigate immune complexes 

ADA B

HEK

+

Clone
Neutralizing

Affinity

KD (pM) SEM

1.1 Yes 76 4

1.2 Yes 280 85

1.3 Yes 1220 165

1.4 Yes 259 20

2.1 Yes 1670 171

2.2 Yes 134 4.5

2.3 Yes 460 35

2.4 Yes 143 10

Van Schie, Ann Rheum Dis. 2017; Ann Rheum Dis 2018



Immune complex size is highly dependent on concentration

Van Schie, Ann Rheum Dis 2018



Only small complexes and monomeric anti-infliximab 
antibodies are detected in patients at trough

Van Schie, Ann Rheum Dis 2018
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Complexes larger than dimers are phagocytosed 
by macrophages
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Anti-idiotype immune complexes & adverse eventsAnti-idiotype immune complexes & adverse events



• ~7% of patients experience an infusion reaction (of 

varying severity) upon infliximab infusion

• Despite suggestions in literature, no clear 

association with anti-IFX IgE in patient sera 

• anti-IFX IgE largely absent or present at levels 

<0.35 kIE/L. (van Schie et al. Ann. Rheum. Dis. 2017)

Adverse events
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IR+  (RA / IFX)

• High (IgG) ADA titer increases chance of infusion 

reactions (Pascual-Salcedo et al., Rheumatology, 2011)

• But also IgG-IFX immune-complex-mediated 

reactions uncommon

• Restricted Ab repertoire → small, ring-shaped 

complexes with limited immune activating capacity 

(van Schie et al. Ann. Rheum. Dis. 2018). 



C4 C4a

C4b

Do immune complexes activate the 
complement system?

Release of C3a and C5a
Anaphylatoxic

Proinflammatory 

Opsonisation
Faster clearance

Complement receptor crosslinking 

Incubation of IC
with serum

60 minutes
37ºC

Van Schie, Ann Rheum Dis 2018
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Large anti-idiotype immune complexes activate 
the complement system
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Van Schie, Ann Rheum Dis 2018
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Complexes larger than hexamers may activate complement

Diebolder et al., Science, 2014
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IgG1-b12-RGY hexamer

Anti-idiotype hexamer
Van Schie, Ann Rheum Dis 2018



Prediction:

Dynamics of ADA response / transient responses



Tolerance

More than a third of RA patients treated with adalimumab have a 
detectable, but transient antibody response

van Schouwenburg et al. ARD 2013



IgM responses to adalimumab

Loeff, unpublished



IgM responses to adalimumab

Loeff, unpublished



Target: TNFTarget: TNF

(prediction of discontinuation?)



Measurement of TNF in presence of TNFi

Berkhout et al. Sci. Trans Med 2019



TNF in adalimumab-treated RA patients

Berkhout et al. Sci. Trans Med 2019



HPLC  Competition ELISA

TNF-adalimumab complexes
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TNF and adalimumab levels upon 
discontinuation

Berkhout et al. Sci. Trans Med 2019



Week 4 TNF levels associate with 
subsequent ADA formation

Berkhout et al. Sci. Trans Med 2019



Association TNF with antibody formation to 
adalimumab

Healthy volunteers – single dose adalimumab 40 mg (no MTX)

Berkhout et al. Sci. Trans Med 2019



Take home

• Impact of ADA on efficacy: related to PK

• Measurement of ADA useful to support interpretation of PK

• Both clearance & neutralization

• Relation PK – efficacy: complex (not discussed here)

• Impact of ADA on adverse events: rare

• Anti-idiotype complexes → restricted immune activation

• Prediction of (clinically relevant) ADA: challenging

• Transient responses: ADA measurements not always predictive

• Markers to predict ‘persistent’ responses (TNF for adalimumab?)?
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