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Introduction

Biotherapeutics elicit unwanted
immune response that produce
neutralizing and non-neutralizing
antibodies

Consequences of Immunogenicity
range from no consequences to

Tier 1- Screening

7/

| Test samples |

l

Screening Assay

N\

I negative samples I | positive samples |

| archive |<—| negative samples |<— Confirmatory Assay

altered PK and severe adverse events rr 2-confirmation

including IG related deficiency
syndromes

Anti-drug antibody testing mandatory
for biologics development using three
tiered approach

Common format bridging ligand
binding assay detecting all isotypes
(except IgG4)
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Tier 3- Characterisation

I

Confirmed positive samples

Characterisation

Neutralisation Assay e.g. titer, affinity, isotype,

! antigen epitopes

Correlation of produced antibodies
with clinical responses

I

Assays for clinical markers (including PK, PD) &
assessment of clinical responses in patients

from EMEA/CHMP/BMWP/14327/2006 Rev 1 from 01 Dec 2017
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ADA isotyping

* Characterization of immune response regarding timing,
isotype distribution, specificity (e.g. IgA for mucosal
administrations) and its affects on safety (e.g. IgE in
case of hypersensitivity reactions).

* |sotyping can be done in LBA formats requiring isotype
and species specific secondary Abs

* Hybrid LBA -LCMS assay provide fast and easy
iIsotyping and semiquantitation back calculated from a
calibration curve from purified Ig isotypes

* Hybrid LBA-LCMS do not require additional tools
and can be set up in a generic way where drug as a
bait can be interchanged
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Comparison to plate based ligand
binding assays

Ligand Binding
Assay

Hybrid LBA LC-MS

Format

Bridging, sandwich

Direct binding of
ADA to immobilized
drug and LCMS
detection

Multitiered approach  Screening, Relative quantitation
confirmatory, Isotyping, ADA
titration detection

Critical reagents Labeled drug, Biotinylated drug,
primary and PC
secondary Ab, PC

Minimum required 10-100 Not required

dilution

Sensitivity LOD< 10 ng/mL LOD < 100 ng/mL

Drug tolerance for <100 pg/mL >200 pg/mL (without
250 ng/mL PC (without acid) acid)
Multiplexing SQl, Uplex (MSD) SRM/MRM

Isotype specificity

Requires isotype
specific secondary
Ab not able to detect
lgG4 due to Fab
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in constant domain
of the Ig; maybe
confounding if dfig
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Analytical method

Obtain PK information of drug
concentration

ADA sample

sotyping sample o

STD/QC

Control samplg¢

Use pool

Generic Ig peptides

Protein Peptide MRM

IgG1 TTPPVLDSDGSFFLYSK*  937.5 > 836.4
IgG2 VVSVLTVVHQDWLNGK 598.7 > 798.4
IgG3 WYVDGVEVHNAK 4729 > 5343
IgG4 GLPSSIEK 415.7 > 330.7
IgE AVSVNPGK 386.2 > 601.3
IgM GQPLSPEK 428.2 > 670.4
IgA2 TFTC[CAM]TAAYPESK 428.2 = 670.4
IgA1+IgA2 YLTWASR 448.7>620.3

adopted from Chen L, AAPS 2015, Chen L Journal of Immunological
Research 2016
*adopted from Lansdhoeft C, Anal Bioanal Chem 2016
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Biotinylated drug
coupled to
magnetic beads

Wash

Elute using 0.1%
FA and sample
neutralization

2h incubation

containing low
amounts of Ig

Spike commercial Ig standard for

Denaturation,
reduction and
alkylation

Tryptic digest for
2h at 50°C

LCMS on A QgQ using
isotope specific MRM pair

controls
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Assay validation
* Assay performed on a 6500 QgQ using a Waters
Cortecs C18 at 300 yL/min in a 14 min gradient

* Screening of 19 sera of naive disease patients and
usage of 4 in a pool for standards and QCs

* Determination of dynamic range and sensitivity

* Establishment of STDs and QCs using 4-6-20 criteria
similar to PK assay

Curve range Coefficient of

(Hg/mL) determination (12)  Fold increase over baseline

Protein

o . o (Day 1) selected as criterion
1gG2 0.1-10.0 0.9832 ..

1gG3 0.4-10.0 0.9749 (2X regarded aS mlnlmum

IgG4 0.1-10.0 0.9789 Sign ifi Cant)

IgE 0.1-10.0 0.9849

IgM 0.1-10.0 0.9817

IgA1+A2 0.1-10.0 0.9694

IgA2 0.1-10.0 0.9796
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Case study -Clinical situation

* Clinical Ph I study in patients dosed with a non mAb
drug

* Dosing daily for 84 days and follow up until day 115
* Treatment emerging ADAs from day 31 onwards in 86%

* Variable titers up to 65000 in some patients with effects
on PK

* No effects on safety and efficacy

* Further characterization on exploratory base for,
neutralizing Abs, isotype distribution and epitope

mapping
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Clinical Isotype distribution

. - - | - Patient B Titer <1000
Patlent A Tlter <1 OO ==+ |gA1+2 isotype 15 -+ IgA1+2 isotype
o 3- .- |gA2. isotype o 12 -=-- |IgA2 isotype
g e+ IgE isotype 2 . -+ IgE isotype
.‘:9 24 — |gG1 isotype .E: — IgG1 isotype
% - |gG2 isotype !é 6- — |gG2 isotype
L 4 — |gG3 isotype b 2 — IgG3 isotype
== < . - 1gG4 isotype — |gG4 isotype
0 T T T T T T T T T -+= |gM isotype 0 === =-= |gM isotype
1 17 31 42 57 71 84 99 11 ghsoly 1 17 31 42 57 71 84 90 115 gifisolyp
Study day Study day
Patient C Titer <10000 Patient D Titer >10000
257 ==+ |gA1+2 isotype ~=- IgA1+2 isotype
o 207 -=- IgA2 isotype ° == IgAZ isotype
915_ .+ IgE isotype g -+ IgE isotype
-§ — |gG1 isotype -F:’ — |gG1 isotype
%10- — |gG2 isotype - — lgG2isotype
- — 1gG3 isotype v — IgG3 isotype
~ = |gG4 isotype — |gG4 isotype
ol --= IgM isotype --- IgM isotype
1 17 31 42 57 71 84 99 115 117 31 42 57 71 84 99 115
Study day Study day
« Correlation observed between titer and increase in relative quantity of
Isotypes

« ADA response mostly driven by IgGs with some transient changes in

IgM and IgA, no change of IgE '
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1gD:1%or less I8E:0.001% or less

Overall isotype changes

1gM: Approx.10%

Day 31 Day 84

29.46 " 1gG 1d31 = IgG 1d84
= G 2d31 = 1gG 2 d84
- = IgG 3d31 = 1gG 3d84
IgG 4 d31 IgG 4d84
= |gM 1d31 = [gM 1 d84
1836 " '8E1d31 = IgE 1 d84
= |gA1+A2
d31 m [gAT+A2
= [gA2 1d31 ds4
= IgA2 1 d84
Predominant fraction 1gG (1-3) with a change in distribution of IgG1 and IgM
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Summary

e Serum ADA isotyping was conducted using a semi-
quantitative LCMS assay detecting IgG1-4, IgM, IgAZ2,
IgE that bind to a non Ab drug coated to beads

* Emergence of increase of isotypes coincided with
Increasing titer as measured by LBA, indicating
usefulness of assay

* |g distribution demonstrated IgG to be major fraction at
the end of assessment and decreasing proportion of
IgM and IgA towards end of the study
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Discussion

Pro

Contra

Method fast and easily adaptable for different
projects/species

MADb drug will produce higher background as
constant part is similar to ADAs

Isotypying in drug development needed to
address immunogenicity and safety questions

ADA signal polyclonal involving different
changes of individual isotypes, careful
evaluation of relevance for each project
needed

Convergence to LBA titers indicate that
method could be used for screening purposes
as well without requirement of confirmatory
assay

LBA methods standard for regulatory
submission would demonstrate similarity in
ADA testing . Discussions with the agencies
encouraged

High binding density and monovalent binding
leads to higher drug tolerance

Method biased towards high affinity ADAs, low
affinity antibodies might be removed in
washing steps
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