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ABIRISK - Assets and driving force

Expertise in .. Large multi-centric
i SPETISE 7 Expertise in retrospective &

Anti-Drug Cellular biostatistics i
; hor
Antibody Immunology and pé?;ZteiZtrll\t/se tcrgatoeés database for

and PK and Genetics ||| mathematical Immunogenicity
Sl modeling with various Prediction

development Biopharmaceuticals

Integrative

» Haemophilia (HA) : Factor VIl

= Multiple Sclerosis (MS) :IFNB, Natalizumab

» Systemic Lupus Erythematosus (SLE) : Rituximab

» Inflammatory Bowel Disease (IBD) : Infliximab, Adalimumab
» Adult and Juvenile Rheumatoid Arthritis (RA): Infliximab, Adalimumab, Rituximab, Etanercept, Tocilizumab
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ABIRISK work packages & workflow

Cohort management
ADA assay development and validation

/

ADA+/- results to identify Define lab data format

patients developing ADAs

pd

and select patients

Cellular characterization and
mechanisms of the
anti-drug immune response

——>

*—'—D

\

Patients
Immune monitoring
Immune responses

N

Evaluation and development of
technologies for predicting
immunogenicity

Predictive tools and
data for integration

Establishment of data base, data analyses and integration
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ABIRISK Main Objectives

Describe the natural history of anti-drugs antibodies (ADA) occurrence
using validated and harmonized assays

|dentify disease-specific and drug-specific biomarkers associated
with immunogenicity, including markers of prediction

Provide insight into the basic mechanisms by which therapeutic
proteins drive immune cell activation

Evaluate existing and new tools for immunogenicity risk
assessment, including animal models

Develop mathematical models to predict :
the occurrence of ADA
the occurrence or absence of subsequent clinical outcomes
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ABIRISK Main Objectives

Describe the natural history of anti-drugs antibodies (ADA)
occurrence using validated and harmonized assays
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Assay harmonization

2 NIBSC

ological Med

o World Health
Validated Assays Human Positive Controls . 5o
Biological ADA PK
Product Assay Assay
Rituximab RXA1 Nab 1gG1 K
. v v RXA3 Nab 1gG2 K
Adalimumab RXA10 Nab IgG1 "
Infliximab v v Natalizumab NAA32 Non-NAb IgG1 K
NAAS8O Nab lgG1 A
NAA96 Non-NAb 1gG3 A
. . / /
Rituximab Infliximab INA29 Nab IgG1l K
. INAG2 Nab 1gG4 K
v v &
Natalizumab INA79 Nab IgG4 "
INA85 Nab eG4 A
IFNB 1-3, 1-b v -
Adalimumab ADA19 Nab IgG1l K
FVIII 4 - ADA23 Nab lgG1 A
ADA44 Nab IgG1 K
ADA39 Nab IgG1 K
Interferon-f sa01.53 Nab 1gG2 k
; (IFNB 1-a, Rebif®) sa0l1.54 Nab lgG4 k
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ABIRISK Main Objectives

|dentify disease-specific and drug-specific biomarkers associated
with immunogenicity, including markers of prediction
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Patient/treatment associated risk factors — Hemophilia A

Microsatellite polymorphism promoter at the HMOX1 is associated
risk of ADA development to FVIII in severe hemophilia patients

Heme oxygenase HO-1 is inducible under inflammatory conditions
Induction of HO-1 before FVIII treatment protect against inhibitor development in FVIII deficient mice

Genotype frequencies at the polymorphic locus.

Patients with severe hemophilia A
Genotype Inhibitor-positive Inhibitor-negative OR 95% Cl aOR 95% Cl
N. (%) N. (%)
L/L+LM+L/S 31 (31.3) 45 (17.1) 221 1.30-3.76 0.004 2.13 124-364  0.006
SAS+M/S+MM 68 (68.7) 218 (82.9)

S, M, L stand for short (<21 GT repeats), medium and long (=30 GT repeats), respectively. P values were assessed by the fiwo-failed Fishers exact test; aOR: odds ratio adjusted on
hemophilia-causing mutations; CI: confidence interval.

Class L allele (>= 30 GT repeat) subclass genotype is associated with increased inhibitor
development in severe hemophilia A patients treated with FVIII
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Patient/treatment associated risk factors — Multiple sclerosis

HLA carriage and IFNB products are associated with
increased risk of ADA development in MS patients

Absolute risk (%)
g & 8

8

10 4

. DRB1*15 IFNB-1b

s.c. IFNB-1a
i.m. IFNB-1a

* > 150 tenfold reduction unit

HLA DRB1*15 carriage is associated with a higher risk of ADA development against IFNB-1a
i.m. and s.c.

HLA DRB1*04 carriage is associated with a higher risk of ADA development against IFNB-1b
Choice of INFB preparation remains the most significant determinant
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Patient/treatment associated risk factors — Multiple sclerosis

Product, sex, age at start of treatment are associated with
increased risk of ADA development in MS patients

Interferon

B Sweden M Austia B Germany (Duss.) Denmark I} Germany (Mun.)
Factors

Type of IFN (vs. IFNB-1ai.m.)

IFNB-1as.c r—

IFNB-1bs.c =

Age at baseline (vs. 18-30)

30-40 ———
o e
40-50 =
50+ =
Male (vs. Female) *

Start of therapy in April (vs. other months)

I I T I I I T I I 1

025 050 10 20 40 80 160 320 640 1280
Adjusted hazard ratio (95% CI)

* Higher risk of NAb development associated with INFB-1a and -1b s.c.
* Higher risk of NAb development associated with being Male and aged over 50 at start

of treatment
IR Bachelet et al. 2016



Predictive biomarkers - NAbs titers

High NAbs titers at 2 months predict persistence of response
to Natalizumab in MS patients

p<001 itre>
| hd @ 2 months
61 ;
804
_:% 41 e‘; 70
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Current recommendation : 2 consecutive low titer > discontinue
ABIRISK recommendation : 1 high titer before 3 months > discontinue
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Predictive biomarkers — PBMC immunosighature in MS

Decreased macrophage NOTCH2 expression and increased frequency
of pro-inflammatory macrophages predict NAbs development
to INFB in MS patients

LEGENDScreen ™
High through-put immunophenotyping platform
cell surface markers

DEMs in MS-T patients with 1.04
known anti-drug antibody status
nADA* vs nADA 0.8
2
Exclude DEMs associated with > 08
MS disease progression =
5 0.4
DEMs independant of «w
MS disease activity 0.2

Exclude DEMs associated with 0.0 - T . . . .
IFN-b treatment 00 02 04 O.-S- -0.8 1.0
1-Specificity

NADA' signature Notch-2 MFI, AUC = 0.85
== Non-classical monocytes, AUC = 0.70
am Notch-2 MFI + non-classic mono, AUC = 0.88

DEM : differentially expressed markers
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ABIRISK Main Objectives

Provide insight into the basic mechanisms by which therapeutic
proteins drive immune cell activation
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Cellular responses associated with ADA* status - 1

IL-10-Producing Infliximab-Specific T Cells Regulate the
Antidrug T Cell Response in Exposed Patients

Alessandra Vultaggio,* Francesca Nencini,” Sara Pratesi,” Daniele Cammelli,*
Maria Totaro,* Sergio Romagnani,” Enrico Maggi,” and Andrea Matucci*
on behalf of the ABIRISK Consortium

The Journal of Immunology, 2017, 199: 1283-1289.

Clinical & Experimental Inmunology

The Joumnal of Translational Inmunoclogy

WEE I EW TGN ORIGINAL ARTICLE

Circulating T cells to infliximab are detectable mainly in treated
patients developing anti-drug antibodies and hypersensitivity
reactions

immunolog@)

doi:10.1111/cel. 12858

Vultaggio et al., 2016

Journal of Autoimmunity 88 (2018) 83—90

Contents lists available at ScienceDirect

Journal of Autoimmunity

journal homepage: www.elsevier.com/locate/jautimm

Interferon-beta specific T cells are associated with the development of @CWMark
neutralizing antibodies in interferon-beta treated multiple sclerosis

patients

Sudhakar Reddy Kalluri ?, Verena Grummel *, Zsuzsanna Hracsko ¢, Viola Pongratz °,

Verena Pernpeintner °, Christiane Gasperi *, Dorothea Buck *, Bernhard Hemmer ", on
behalf of the ABIRISK Consortium

. . -." frontiers 2017
Characterization of CD4 T Cell ""mnoow

Epitopes of Infliximab and Rituximab
Identified from Healthy Donors

Moustafa Hamze', Sylvain Meunier’, Anette Karle? Abdelaziz Gdoura', Amélie Goudet?,
Natacha Szely?3, Marc Pallardy?, Franck Carbonnel4, Sebastian Spindeldreher?,
Xavier Mariette®, Corinne Miceli-Richard?® and Bernard Maillére

d Antigen-specific CD4 T cells are associated with ADA development
J CD4 T cell cytokine profiles are diverse
J No difference in Tregs numbers observed so far
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Cellular responses associated with ADA* status - 2

(Some) On-going/Unpublished work

» Identification of a peripheral B cell immune signature predictive of ADA
development in RA patients

« Development of a highly reproducible, sensitive method for early detection
and characterization of antidrug T and B cell responses using RNA-seq :

NGS-based BCR analysis allows detection of BCR clonal repertoires in samples with
undetectable B cells (<0.01 x109 cell/L, flow cytometry)

Peak levels of drug-specific T-cells are detected in blood of patients before the detection of
anti-drug antibodies

The technology can be combined with T cell assay to identify epitope- specific T cells

» Pilot study in untreated, ADA+, ADA- and healthy controls reveals different
T follicular helper cell populations in the 4 groups

» Pilot study in RA ADA+, ADA- patients identifies a subpopulation of
CD24"CD38" IL-10 producing B cells

@ WORLDWIDE RESEARCH & DEVELOPMENT

BioMedicine Design



ABIRISK Main Objectives

Evaluate existing and new tools for immunogenicity risk
assessment, including animal models
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Evaluation of existing prediction tools - 1

Evaluation of in vitro T cell assays for immunogenicity risk assessment

100
Assays - not in same order as in graph

EpiScreen™ (Abzena)
EpiBase™ (Lonza)
Immuno’line™ (Platine)
REVEAL® (Prolmmune)

o o o o
% Responding donors

Infliximab | Rituximab Natalizumab

R B B F

I 1[I Colour coding indicates ranking, from high to low in vitro immunogenicity

 Discrepancy between assays in their ranking of molecules

1 Knowledge on the biology and mechanism of action of the drug is essential as
they can interfere with assay

- One isolated assay cannot predict ADA incidence -
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Evaluation of existing prediction tools - 2

Evaluation of in vitro assays for identification of immunogenic sequences

@S Clusters identified with healthy donors T cells
mmmmm  Clusters identified with infliximab-treated patients T cells
@R (Clusters identified with MAPPs using healthy donor derived dendritic cells

Infliximab
Heavy chain
} 10 20 ] 30 |

Light chain

10

[

O Anintegrated use of in silico prediction, in vitro HLA binding, MAPPs and T cell assays identified
9 infliximab and 8 rituximab CD4 T cell epitopes
QO 2/3 of peptides identified in healthy donors recall a T cell response in ADA+ patients
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Development of novel prediction tools - 1

Comparison of DC activation readouts for danger signal evaluation

Coagulation and Fibrinolysis

Danger signal-dependent activation of human dendritic cells by
plasma-derived factor VIII products

Lilija Miller'; Sabrina Wetssmilller'; Eva Ringler® Peter Crauwels® Ger van Zandbergen®: Rainer Seitz" Zoe Waibler"
on behalf of the ABRISK consortium

enior Restanch G "Movel Voccinaon Seteies and Eady e esporses P b b, Langen, Gemmary: ivision of kmmumclogy, Red-Eheich-utiod,
Langen, Gy, "Diision of Hapematblogy | Tramshasion Moedicine, Pau-Shlich kst Langen, Gemany

ORIGINAL ARTICLE Laboratory science

chip) : (FACS)
Therapeutic factor VIII does not trigger TLR1.2 and e ] ]

TLR2.6 signalling in vitro
Adapted from S. Spindeldreher, Coral Gables 2016

L 1 i . | - il | |

: i Cytokine | ! : : '
HH The Official Journal of the World Federation of Hemophilia, ! Protein i ! Cell Signalin | ! Surface 1
Haemophilia sssismims r R e SRR | curece
: ! expression - | (Luminex) | i activation |
Haemophilia (2013), 19, 399402 DOL: 10.1111/hae 12081 I 1 I (MSD) 1 I____________________" I |
i (qPCR/DNA ' . | © marker !
! | b | |
! i !
| | ]

M. TEYSSANDIER,*§} S. ANDRE?§ N. GUPTA,*t 5. DASGUPTA,*{1§ J. BAYRY,* {1y

S. V. KAVERI*§{f and S. LACROIX-DESMAZES*#{§ ON BEHALF OF THE ABIRISK
CONSORTIUM

*INSERM. UMR S 872, Paris, France; tUniversité Pierre et Marie Curie, Paris 6, UMR § 872, Paris, France: {Université
Paris Descartes, UMR § 872, Paris, France; SImmunology Division of Microbiology and Immunology Department, Harvard
Medical Schaol, Boston, MA, USA; Sluternational Associated Laboratory, INSERM. Paris, France and ICMR, Mumbai, India

Immunobg
2 N6 A

SRR 0 1 Native biologics alone do not induce detectable DC

ORIGINAL ARTICLE maturation
[ Some aggregated forms give a danger signal
Effect of growth hormone and IgG aggregates on

dendritic cells activation and T-cells polarization | Cytokine profiles are diverse

Yann Gallais', Natacha Szely!, Frangois-Xavier Legrand?, Arnaud Leroy®*, Marc Pallardy' and
Isabelle Turbica' on behalf of the ABIRISK Consortium

@ WORLDWIDE RESEARCH & DEVELOPMENT

BioMedicine Design




Development of novel prediction tools - 2

Whole systems analysis of risk

No surrogate readout of immunogenicity : ADA induced by the protein drugs are
measured

* ABIRISK new hemophilic mice
« State of the art humanized mice ( Axenis BRGSF™ )
« Human Atrtificial Lymph nodes (ProBiogen)

Results obtained with KLH as a model antigen as pilot experiment or with
therapeutic drugs were inconclusive

Further exploration is required to assess the value of these models for
immunogenicity prediction of therapeutic proteins
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ABIRISK Main Objectives

Develop mathematical models to predict :
the occurrence of ADA
the occurrence or absence of subsequent clinical outcomes
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Database & statistical model

HA, MS, RA
Retrospective cohorts

ABIRISK processing

Transcript
-omics

RA, MS and IBD
Prospective cohorts

tranSMART
database

JIA
Prospective cohort

ABIRISK eCRF

Immuno
-phenotyping

Data export for Predictive

analyses

ing and Brogt BMC Bioi
DOI10.1186/51 2655016 1090-%

iy (2016) 17:230

BMC Bioinformatics

W) oo

Bagging survival tree procedure for
variable selection and prediction in the
presence of nonsusceptible patients

Cyprien Mbogning'-" and Philippe Brosr'-234

v' Take into account high-order interactions
and high dimensional data

v' Cope with time-to-event data and a mixed
population of immune/tolerant patients

v

https://cran.r-project.org/web/packages
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Provide biomarker selection for prediction
Provide stable and accurate individual

prediction



Summary

ABIRISK legacy as of today

— ADA Human Positive Controls
— Harmonized ADA assays
— Confidence in the use of healthy donors for in vitro risk assessment T cell assays

— Identification of markers associated with ADA development, including predictive
markers

— Position paper on Terms and Definitions
— Database
— Biobank

Looking forward : on-going analyses

— Validation of the statistical model of ADA occurrence prediction

— Clinical relevance of pre-existing, transient, low titer non-neutralizing antibodies
— Immune mechanisms pertaining to ADA development

— Disease/Product-specific predictive markers of ADA development
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The BIOPIA initiative

o https://ki.se/en/cns/biopia
Objectives
Raise awareness about biopharmaceuticals and their
immunogenicity, with the aim of integrating testing of
these factors in order to improve the care and overall
health of patients

Means

— Provide easy, accessible information about ADA and
drug level testing

— Create a site for clinicians to help them assess
biologic responses in their patients and choose the
correct treatment for each person

— Connect European labs together, with the goal of
implementing routine, clinical testing for
Immunogenicity and drug levels

Contact : Anna Fogdell-Hahn - Anna.Fogdell-Hahn@ki.se
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ADA incidence confounders: Assays and populations

Rheumatic diseases

Adalimumab Infliximab

100 100 ® ELISA
- s @ Sandwich ELISA
< 80 80 © Bridging ELISA
g . © AD ELISA
< 60 o 60 3 @ RIA
< ® o o oNe ® ECL
3 40 X 40 6 ® b @ IMPACT
2 Q. . ® o0 . ©  @HMSA
-;,':; 20 . © 8 20| @ ° o ' e @ HPLC

o 'Y M
e O . : O Q
oL . 0
2002 2004 2006 2008 2010 2012 2014 2016 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
Publication year Publication year
Pooled patient population across studies: n = 3965; Pooled patient population across studies: n = 4495;
sample size range: 3—394 patients. sample size range: 5-340 patients.
Crohn’s disease/ulcerative colitis

100 100
)
< 80 80 .
<<
< 60 60| © S
= O o ’
2 40 40 o ° g
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[0h) .
=20 a8 o O ® 20 O 6} - % @ 8
o
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Publication year

Pooled patient population across studies: n = 1305;
sample size range: 23—-240 patients.
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Publication year

Pooled patient population across studies: n = 7080;
sample size range: 13-514 patients.

Gorovits et al 2018 Clin Exp Immunol
30



