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Immunogenicity

e Assays for immunogenicty
-Drug interference

e Characterization of anti drug antibodies

* Clinical relevance
— Side effects
— Effects on PK



Amsterdam READE cohort
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Pharmacokinetic assay
(drug level test anti-TNF)
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Infliximab
interindividual variation in drug concentration
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Serum trough infliximab level for responders (n=21; 8.2mg/l) and non-responders
(n=17; 6.3mg/l) according to the ASAS-20 response criteria, at week 54 (P=0.018)

de Vries MK, et al. Ann Rheum Dis. 2007;66:1252-1254 Copyright ©2007 BMJ Publishing Group Ltd.



Patients with an allergic reaction to infliximab have
low serum levels of infliximab

Infliximab concentration
(Mg/L) 2 Wk 6 wk 14 wk

Mean all patients n=105 23.9 16.0 4.6

Pt S reaction at wk 14 17.4 0.5 0.00

Pt R reaction at wk 14 37.1 2.8 0.00

Wolbink GJ, et al. Ann Rheum Dis. 2005;64:704—-707



Detection of antibody formation
against therapeutic antibodies

Different ASSAYS formats

No standards

Drug interference




Immunogenicity assay with drug interference: Y ADL
Bridging ELISA
Tanti-ADL

Serum
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ABT monoclonal therapeuticals less
sensitive to drug interference
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Wolbink GlJ, et al. Arthritis Rheum. 2006;54:711-715



Drug interference In different
assays

Bridging ELISA ABT/RIA
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Antibody detection in ABT is hampered in the
presence of drug
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Anti-adalimumab

\— Adalimumab
Adallmumab

Neutralise

A

/// acid treatment pH 2.5
~ Rabbit-F(ab)-

pH shift anti-idiotype anti-idiotype
Antigen Binding Test



Y ADL
Tanti-ADL

Neutral pH 7
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Drug tolerant assays detect antibodies in the
presence of physiological amounts of drugs
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Detection of anti-drug-antibodies (ADA)

Anti-TNF antibody levels

Free anti-TNF agent ADA-drug complexes Free ADA

ADA detection method

ELISA - - - +
ABT - — +/— +
PIA - +/— + +

Pharmacokinetic assay
(TNF capture)

++ + +/- —

van Schouwenburg PA, et al. Nat Rev Rheumatol. 2013;9:164-172



Characterization of Anti-Drug
Antibodies



Generation of human monoclonal antibodies
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clone isotype V gene D gene Jgene
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from different precursor B-cells
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Monoclonal antibodies undergo
extensive affinity maturation
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ECRF bio-assay: TNF-sensitive
human endothelial cell line
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van Schouwenburg PA, et al. Ann Rheum Dis. 2013;72:104-109
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TNF inhibition
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To what extent do patient ADA neutralize natalizumab?
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>90.9% of patient ADA is inhibited from binding
natalizumab using recombinant a4B1 as blocker. N=15
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Anti-drug antibodies are anti-idiotypic
and interfere with target binding

Anti-drug antibody g

“\

Therapeutic antibody

Wolbink GJ, et al. Arthritis Rheum. 2006;54:711-715



Clinical Relevance

e Side effects
e Effects on PK



Immune complexes

* |In ADA+ adalimumab patients, small immune
complexes (2 antibodies) are found weeks after
adalimumab administration.

* |In 1 ADA+ infliximab patient, large immune
complexes (>6 antibodies) were found directly after
infliximab infusion

— ADA+ patient experienced an infusion reaction

Hypothesis
s Infusion reactions are mediated by large.immune complexes

van der Laken et al., Ann Rheum Dis, 2007




What influences immune complex size?

e Immune complex size is ratio depend~—*

Amount of antibody precipitated

Amount of antigen added

o Effect of concentration on complex size is unknown

— Infliximab can be administered in various infusion speeds
— Patients make various amounts of ADA

>100 pg/mL infliximab

| 26
Immunobiology, Janeway



Influence of concentration ADA and IFX
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Cpmplexes are small however Higher concentration of ADA
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Summary

 Immune complex size is dependent on concentration of ADA and drug

— The higher the concentration, the bigger the complexes
— Butin general they are small

e Risk factor for infusion reactions is a high ADA titer
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Immunogenicity in a long-term follow-

up cohort of adalimumab treated
rheumatoid arthritis patients

Bartelds GM, et al. JAMA. 2011;305:1460-1468



Bartelds GM, et al. JAMA. 2011;305:1460-1468

Patients & methods

272 consecutive RA patients with active disease
treated with adalimumab in a prospective
observational cohort study

Disease activity monitored at baseline and
4, 16, 28, 40, 52, 78, 104, 130 and 156 weeks
using the DAS28 score

Trough serum samples were obtained at all
visits

Serum adalimumab concentrations and anti-
adalimumab antibody (AAA) titres determined
retrospectively at the end of follow-up using an
ELISA and ABT (Sanquin Research, Amsterdam)




Results: baseline characteristics

Age, years

Female, no. (%)

RF, no. (%)

Prior DMIARDS
MTX use, no. (%)
IVI LA UUSE ([115/ WIs]

No DMARD, no. (%)

Disease duration (years)

Erosive disease, no. (%)

ESR (mm/h)

CRP (mg/L)

DAS28
Bartelds GM, et al. JAMA. 2011;305:1460-1468

Patient with AAA
detected with  Patients without AAA
ABT

n=76 n=196
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Sustained remission (DAS28 <2.6)
correlates with absence of AAA
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Bartelds GM, et al. JAMA. 2011;305:1460-1468



Percenta

ge of patients developing detectable

anti-adalimumab antibodies over three years

-o— Antibodies against adalimumab (%)
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During 156 weeks follow-up, anti-adalimumab antibodies

were detected (ASSAY IV:ABT) in 76 (28%) patients

Bartelds GM, et al. JAMA. 2011;305:1460-1468



Methotrexate reduces immunogenicity
in adalimumab-treated RA
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Concomitant methotrexate (PsA)

Median adalimumab concentration over time
and concomitant methotrexate (MTX) use

10- Concomitant MTX use (median 20
" mgiweek (15-25)), n=80

- Monotherapy, n=23

Adalimumab concentration (mg/L)

0 4 16 28 40 52
Weeks



The accumulative percentage of ADA positive
patients depends on assay method used

— Antigen binding test
— pH-shift-anti-idiotype antigen binding test
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van Schouwenburg PA, et al. Ann Rheum Dis. 2013;72:1680-1686



Antibody detection in a small proportion of RA-
treated patients using the ABT
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Bloem et al., J. Immun. Methods 2015
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Antibody detection in a substantial amount of the
patient samples using drug tolerant assays
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Adalimumab concentration correlates with
treatment efficacy

Mean DDAS28

Adalimumab concentration (pg/mL)

Mean delta DAS and adalimumab levels per 20 patients at week 28

Pouw M, et al. Ann Rheum Dis. 2013 [ePub]



Concentration-effect curve
adalimumab
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Conclusions

Anti drug antibodies to therapeutic antibodies
are common and anti-idiotypic

Detection is highly dependend on the assay
and testing strategy

The clinical relevance is within the PK

Immuuncomplexes formed are small and
often do not mediate side effects



Discussion

e Availability of PK assays

e Availabilty of information on the
concentration effect relationship

e Availability of immunogenicity assays
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