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Outline

Part 1: Introduction to Immunology and Immunogenicity
e Introduction immune system and immunogenicity

e Factors influencing unwanted immunogenicity

* Consequences of unwanted immunogenicity

e Biologics and unwanted immunogenicity

Part 2: Immunogenicity Potential Assessment

* Pre-clinical immunogenicity potential assessment
* Assessment tools —in silico, in vitro tools (in vivo)
* Rationale use/application



Immunogenicity
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Virus, bacteria

Over-reactive
Auto immune diseases

Our Immune System

Tumor cells

Immune deficiencies
Infections, malignancies
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Our Immune System: Key Principles
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The Adaptive Immune System: Principles
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Antigen recognition Effector functions
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The Adaptive Immune System: Principles (2)
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The Key Players: Dendritic and T cells

R Processing generates T cells
Intgfr r;ﬂ;fgaet':n Antigen multiple peptides, respond to
into APC processing one of which can bind immunodominant
| _ to class Il allele peptide epitope
Multiple possible Immunodominant

epitopes

Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.
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The Key Players: Dendritic and T cells

lar communications, T cells see antigens NOT in the circulation but only when displayed by
the surface of other cells
hese molecules are HLA (generic name: MHC) and the cells displaying the antigen are APCs

T cell contact
residue of
peptide

Because MHC molecules are on cells
and can display only peptides, T

lymphocytes can recognize only cell-
associated protein antigens

Polymorphic
residue
of MHC

Anchor
residue
of peptide

"Pocket"

of MHC Source : Abbas, Lichtman and Pillai.

Cellular and Molecular Immunology,
7th edition, 2011  Elsevier
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The Key Players: Dendritic and T cells

do CD4+ and CD8+ T cells recognize?

must respond to each microbe in ways that are able to eradicate that microbe

xtracellular microbes: antibodies; destruction in phagocytes (need helper T cells)
Intracellular microbes: killing of infected cells (need CTLs)

cells distinguish antigens in different cellular locations?
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The Key Players: Dendritic cells
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MHC I
* Expressed (increased) upon
activation

* Onlyon DCs, B cells,
macrophages and a few other
cell types

e CD4*T cells

¥

Help

* macrophages to eliminate
extracellular microbes

* B cells to make Abs.

Essentials of Clinical Immunology, Sixth Edition. Helen Chapel, Mansel Haeney, Siraj Misbah,
and Neil Snowden.
©2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.



The Key Players: Dendritic and T cells

MHC Polymorphism

Most polymorphic genes in biology
- Large number of variants (alleles) in the population
- Each variant presents only some peptides and is recognized by some T cells

Polymorphism evolved to ensure recognition of any microbial peptide

Polymorphism means unrelated individuals express different MHC molecules
- Every person may recognize slightly different peptides
- T cells from any individual recognize and react against MHC of any other individual
- 1in 4 chance of siblings having the same HLA
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The Key Players:
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The Key Players: Dendritic Cells

antigen-presenting cells

2 antigens and take them to the “correct” place
> Antigens are concentrated in peripheral lymphoid organs, through which naive
ymphocytes circulate

antigens in a form that can be recognized by specific lymphocytes
> For T cells: MHC-associated peptides (cytosolic peptides to class I, vesicular peptides to class Il)
> For B cells: native antigens

‘second signals” for T cell activation
ritical for initiation of responses
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The Adaptive Immune System

* Very few lymphocytes in the body are specific for any one microbe (or antigen)
-> Specificity and diversity of antigen receptors: the immune system recognizes and
distinguishes between 10°-10° antigens; therefore, few lymphocytes with the same receptors

* These few lymphocytes must be able to locate microbes that enter and reside anywhere in the body
-> The small number of lymphocytes specific for each antigen cannot patrol all epithelia (routes of
microbe entry) or tissues where the antigen may be present

* Therefore, antigens and lymphocytes must be brought together
-> The function of lymphoid organs



The Lifecycle of T cells

Precursors mature
Naive T cells in the thymus
circulate through ' . Naive CD4* and
lymph nodes and ~ CD8+T cells enter
find antigens - the circulation

Naive
T lymphocyte

¥ \Fig. Life of T cell-jpgi

Activation of
naive T cells in

lymph node, —
development of Activation of
effector cells effector T cells at

site of infection;
eradication of
microbe

Site of
infection
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The Lifecycle of B and T cells
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Source: Abbas et al.: Cellular and
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T Cell Activation

\ IL-4
— |L-5
IL-13

Source : Kapsenberg, Nature
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T Cell Activation: Role of Co-stimulation

Antigen recognition T cell response

"Resting"
(costimulator-
deficient) APC

| :d: * Required for initiating T cell response

(activation of naive T cells)

No response
Teel or tolerance

* Ensures that T cells respond to microb

Activation of APCs by microbes,‘ (the most patentINGEEEE. :
innate immune response stimulators) and not to harmless antige

Memory cells are less dependent on ¢

stimulation than are naive T cells
Activated APC:
increased
expression of
costimulators,
secretion of
cytokines

T cell proliferation
and differentiation

Cytokines (e.g., IL-12)

Source : Abbas, Lichtman and Pillai. Ba
EIP’ edition, 2016
\\ European Immunogenicity Platform
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B Cell Development

______—eaaaaaeee |

Recognition Activation phase: B cell
phase proliferation and differentiation
Plasma

cell

‘ Antibody
secretion
IgG-expressin
Bgcell J IgGI o
sotype
"‘k switching

Affinity
*i"‘# maturation
High-affinity Ig- ngh-
expressing B cell # affinity IgG
Memory
B ceII

‘HelperTcells, [ Clonal
other stimuli . expans|on

—5

. Antlgen
RestJlrng i Activated
IgM+, IgD B cell
mature B cell

IU

JEIP”

European Immunogenicity Platform

INTRODUCTION TO IMMUNOGENICITY PART T




Effector functions of antibodies
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& and toxins
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T cell — B cell interaction

B e
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Source: Cellular and molecular immunology - Abul K. Abbas, Andrew H. Lichtman, Shiv Pil
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Source: Cellular and molecular immunology - Abul K. Abbas, Andrew H. Lichtm
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Factors impacting Immunogenicity
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Factors Influencing Immunogenicity

factors:
sequence, structure

epitopes

sylation, deamidation, oxydation, ...

ct impurities, aggregation and degradation products
lation and storage conditions

, chimeric, humanized, human mAbs

ts with allergenic potential in biological drugs: mannitol, albumin, polysorbate 80, latex, papain

s
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Factors Influencing Immunogenicity

requency of administration

"N\ JEIP”
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Factors Influencing Immunogenicity

| Thymic output
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.
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Factors Influencing Immunogenicity

pre-existing (cross-reactive) antibodies

JEIP”
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Factors Influencing Immunogenicity

of action related factors:
e cell targets
no-oncology drugs

eck-point inhibitors

IWERE ALL GOOD HERE. NOTHING TO SEE.
THIS ISN'T THE CANCER WERE LOOKING FOR.

! EIFP
- . _European ImmunogeniSourcefimages : dzu doodles
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Factors Influencing Immunogenicity

Food

Emotions & thoughts

Hormones

eurological system
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Interplay Between Different Factors

MHC haplotype, ethnicity, age, gender, absence C i PP therapy, dose,
of endogenous protein of treatment, route of administration (iv., im., sc.)
Langerhans cells (APC)
P of foreign seq or
(%) modified form of the native protein ADA production

o2 (amino acid substitution, fusion
h protein and so on) ‘
Modified glycosylation pattern FN PN &
L] Degradation products
I.I - ™ (oxidation, deamination and so on) ’ h
B |mpurities
i (from container, host and so on)
* Costimulatory signals

Central tol

(no specific CD4*
T-cell clone) /
TCR
Peripheral tolerance
(specific CD4"* T-cell clone

but no immune response)

Expert Rev. Clin. Pharmacol. © Future Science Group (2011)
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Consequences of Unwanted Immunogenicity

* Almost all therapeutics induce an immune response that can lead to the formation of antibodies with varying
characteristics (binding, neutralizing or a mixture of the above).

* The induction of anti-drug antibodies can be related to adverse effects like hypersensitivity and anaphylactic
reactions or cross-reactions with the endogenous counterpart of the drug.

* The presence of anti-drug antibodies can also lead to decreased efficacy and potency



Consequences of Unwanted Immunogenicity

FR M
M@LECULE
PATIENT

* Sustaining or ASCPT2019
clearing ADA

Immunogenicity Impact

* Neutralizing
drug activity

* Endogenous

cross-reactivity

* Responder/

Treatment non-responder

Outcome

Adverse * Infusion reactions,

Events hypersensitivity
Anaphylaxis (rare)
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History Monoclonal Antibodies

The Nobel Prize in
Physiology or Medicine
1984

;“‘.' : : ‘},‘
| .

Niels K. Jerne Georges J.F. Kohler César Milstein

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

/\7EIP

/
0%

The Nobel Prize in Physiology or Medicine 1984 was awarded
jointly to Niels K. Jerne, Georges J.F. Kéhler and César Milstein "for
theories concerning the specificity in development and control of
the immune system and the discovery of the principle for
production of monoclonal antibodies".

Photos: Copyright © The Nobel Foundation
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First Applications of Therapeutic Monoclonal Antibodies

* The first FDA approved monoclonal antibody was a murine IgG2a, muromonab (1986)
* Target: anti-CD3

* Indication: prevent graft-transplant rejection

* New products new issues: unwanted immunogenicity

* Immunogenic(ity) first used in the Lancet (1931) and Science (1944) vaccine contex

» Shawler DL, Bartholomew RM, Smith LM, Dillman RO (1985) Human immune response to multiple injections of murine monoclonal
IgG. J Immunol 135:1530-1535

» Schroff, R.W. et al. (1985) Human anti-murine responses in patients receiving monoclonal antibody therapy. Cancer Res. 45, 879—885

Source:
https://labs.selfdecode.com/blog/i
mmunoglobulin-m/

unogenicity Platform =£ |QV| /\
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From Murine to Fully Human Therapeutics

Mouse Chimeric Humanised Human

- Source: www.nahdionline.com

EIP

nsiterbgéan Immunogenicity Platform Source: www.cancerhealt
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New Antibody Formats and Mimetics

2 s : 5

Q Q naked whole mAb F(ab),

fragment mAb formats
i Vi domain scFv Fab ‘Triabody Tetrabody
(~15 kDa) (~15 kDa) (~28 kDa) (~50 kDa) (triavalent) (tetravalent)
(~75 kDa) (~100 kDa) ¥ g
‘ QS \ v’
Triomab DVD-Ig IgG-scFv Fc and scFv fusion format
several whole mAb bispecific formats (general)
Minibody Diabody Bis-scFv a
(bivalent) (blspeclﬁc) (bispecific) (bispecific)
(~75 kDa) (~110 kDa) (~50 kDa) (~55 kDa) Bl'I‘E DART
1gG
(~ 150 kDa)

F(ab), bispecific F(ab), trispecific tandAb

several Fab and scFv multispecfic formats

et al. Advances in Bioscience and Bi Source : Sifniotis et al. Antibodies (20
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Consequences of Unwanted Immunogenicity

Drug Discovery and Development: A LONG, RISKY ROAD

DRUG DISCOVERY m CLINICAL TRIALS

i
1

o
=
=
> =
e 5,000-10,000 = =
LLl o =
> COMPOUNDS = ONE FDA- v
o D APPROVED =
= g DRUG =
v > ~
= = =
o - E S =
L E = =
oo = NUMBER OF VOLUNTEERS = 2
= = = =
= 0 100-300 4 =
= =] 0.5-2 <
3-6 YEARS = 6-7 YEARS = VEARS =

V' o~

/ \\ /E | P Adapted from Medicines in Development Leukemia &
|/

Lymphoma 2013 y
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Consequences of Unwanted Immunogenicity

Bayer drops hemophilia candidate BAY 86-6150 on safety
concerns

0605208 L COMMENTS (0)

© BAYB6-6150 r Bayer r Pharmaceutical © Research

B B @ Sio

German drug major Bayer (BAYN: DE) said on Friday (May 3) that it has
discontinued a Phase II/TI trial evaluating the efficacy and safety of BAY 86-
6150 in people with hemophilia A and hemophilia B with inhibitors has been
discontinued.

The company said that the hope that BAY 86-6150 might help patients with
inhibitors to achieve better control of their disease could not be fulfilled due to the
detection of a _n the trial.

"Patient safety is our primary concern when designing clinical trials and
evaluating BAY 86-6150,” said Kemal Malik, a member of the Bayer HealthCare
executive committee and head of global development, adding: “Due to safety
concerns, we are discontinuing the BAY 86-6150 trial as a precautionary
measure.”

EIP”

European Immunogenicity Platform
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NEWS TOPICS ANALYSIS FEATUI

FierceBiotech

THE BIOTECH INDUSTRY'S DAILY MONITOR

Novo Nordisk scuttles late-stage hemophilia drug
over patient risk
September 28, 2012 | By Ryan McBride

SHARE  Danish drugmaker Novo Nordisk (SNVO) has killed development of a hemophilia
"""""" med once hailed as a successor to its blockbuster product for the bleeding
| Email  disorder, after the company discovered anti-drug antibodies to the experimental
factor Vlla therapy in some study patients, Reuters reported. The setback hampers
‘ 15 ‘ the company's work on building its hemophilia franchise as competitors such as
-~ Biogen Idec ($BIIB) seek entry to or growth in the market.

Anti-drug antibodies present a risk to patients with hemophilia who count on
1 injected clotting factors to arrest bleeding. Novo Nordisk says that it first revealed
Aug. 9 that a few patients in its late-stage study developed antibodies against its
M\ fast-acting factor Vlla, called vatreptacog alfa, with the antibodies having a
neutralizing effect in one patient. The company was quick to note in its release
Friday that no such antibodies have been reported in patients on marketed
hemophilia drug, NovoSeven, while taking inhibitors to factor VIl and factor IV.

"The observation of anti-drug antibodies and the potential risks hereof for
haemophilia patients with inhibitors has led Novo Nordisk to discontinue further
development of vatreptacog alfa," Novo said in its statement today

fiercebiotech.com

INTRODUCTION TO IMMUNOGE
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SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

ANTI-DRUG ANTIBODIES

Post hoc assessment of the immunogenicity of
bioengineered factor Vila demonstrates the use of
preclinical tools

Kasper Lamberth,'* Stine Louise Reedtz-Runge,’ Jonathan Simon,? Ksenia Klementyeva,?
Gouri Shankar Pandey,” Seren Berg Padkjeer,' Véronique Pascal,’ lleana R. Leén,’
Charlotte Nini Gudme,’ Sgren Buus,®> Zuben E. Sauna®*

Immunogenicity is an important i ion in the li of a therapeutic protein because the development of
lizing anti-drug ibodies (ADAs) can affect both safety and efficacy. Neoantigens introduced by

bioengineering of a protein drug are a particular cause for The devel ofab i d recomk

factor Vlla (rFVlla) analog was discontinued after phase 3 trials because of the development of ADAs. The unmodified

parent molecule (rFVila), on the other hand, has been successfully used as a drug for more than two decades with no

reports of il icity in ¢ | with inhik We used comp and experil

tal methods to demonstrate that the observed ADAs could have been elicited by neoepitopes in the engineered pro-

tein. The human leukocyte antigen type of the who developed ADAs is i with this hypothesis of a
i driven i

pitop afinding that might have implications for the preclinical screening of therapeu-
tic protein analogs.

Transl Med. 2017 Jan 11;9(372)



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ’

Lipid-Reduction Variability and Antidrug-
Antibody Formation with Bococizumab

Paul M Ridker, M.D., Jean-Claude Tardif, M.D., Pierre Amarenco, M.D.,
William Duggan, Ph.D., Robert J. Glynn, Sc.D., J. Wouter Jukema, M.D.,
John J.P. Kastelein, M.D., Albert M. Kim, M.D., Ph.D., Wolfgang Koenig, M.D.,
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ABSTRACT

BACKGROUND

Bococizumab, a humanized monoclonal antibody targeting proprotein convertase
subtilisin-kexin type 9 (PCSK9), reduces levels of low-density lipoprotein (LDL)
cholesterol. However, the variability and durability of this effect are uncertain.
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Immunogenicity assessment

Early Immunogenicity Assessment Tools

In silico T cell

Cytokine release epitope prediction T cell enrichment and
assay (re)activation assay

/;, J

DC Activation Assay .
/ :.0:0 Antigen

Activated
Th cell B cell
Naive T Cell B cell assay

T cell proliferation
differentiation a ssay

*
| /EIP
European Immunogenicity Platform



In silico T cell epitope prediction

IR Sciences, Denmark
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In silico T cell epitope prediction
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In vitro tools: cellular assays
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In vitro tools: cellular assays

Innate

Adaptive

Response Incubation of whole Response/

[Early blood/PBMC/ FElE
Dendritic cells,
reporter cell lines with
test products for 24-48
hours

Incubation of PBMC
with test products for 7
days, DC-T cell assay

Analysis of cytokine Analysis of
signature or proliferation/cytokine
maturation markers production
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In vitro assays using primary cells

Quality of the primary cells:

* Variability and reproducibility of the results
highly depends on the initial quality

* Quality = viability and functionality

* Most critical reagent

» Standardized procedures for sampling,
shipping, isolation, cryopreservation, thawing,
handling, ...

* Need for a large number of HLA-typed donors
in order to represent the wide range of
responders (strong-responders versus medium-

low responders)
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Primary cells: preserving quality

Preserving quality of the primary cells:

» Standardized procedures for sampling, shipping, isolation, cryopreservation, ‘ﬁ
thawing, handling, ... }

e Start isolation of PBMC within 8 hours after blood draw sy

* Alternatively, use CPT™ tubes for blood sampling - »

* Perform an extended quality control on all cell preparations \ b

Source: https://www.hce-uk.com/




Innate

= |n vitro whole blood/PBMC cytokine release assay

/Early
0 PBMCs or whole Cytokine
e blood incubation secretion analysis

PBMCs O Q with test products via Multiplex
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Test molecules’ potential to induce a cytokine release response assessment using:

Whole Blood Cytokine Release Assay

PBMC Cytokine Release Assay
RO: Measurement of cytokines/chemokines in supernatant or plasma (Multiplex) and viability
(Flow cytometry)

Early phase cytokines: TNF-q, IL-2, IL-8

Late phase cytokines: IFN-y, IL-6, IL- 10

Additional extended cytokine panels /)
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Innate

e In vitro PBMC cytokine release assay

/Early

PBMC 24h
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i *ee Cryopreserved PBMC from 10 healthy donors were thawed
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Innate

o8 |n vitro IRMI PBMC cytokine release ass
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Cytokine Release Assay (CRA) for detection of IIRMIs in therapeutic proteins
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Innate

o8 |n vitro IRMI PBMC cytokine release a
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Cell viability — Percentage — Fold change
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nnate

Response C internalisation/uptake assay
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Response
/Early
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Response MAPPs assay

/Early
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Generation of immature dendritic cells (iDC)
Incubation with test products and maturation agent
Mature (peptide presenting) dendritic cell (mDC) cell pellet freezing
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cocktail Products
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Response MAPPs assay
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e MAPPs assay

/Early

Case Study: Identification of MHC Il presented peptides from moDCs
Comparison MAPPS analysis of different biologics loaded on moDCs
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Adaptive

response/late T Ce” assays
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Adaptive
response/late
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esentative of the population of interest
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esponse/iate CD8-depleted PBMC assay

APC

CD8*T Cell
depletion

Test

CD4*T Cell

tivation and proliferation assays to assess and compare the immunogenicity potential of test molecules

pends on the nature and function of the test products:
D8-depleted PBMC format is used for test products with non-immuno-modulatory functions
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DC generation

- o %
T cell -mDC

Monocyt
e

Maturatio Test

co-culture
Monocyte T n cocktail Product \ ’

isolation s
from
PBMCs

T cell isolation from PBMCs

—

n and proliferation assays to assess and compare the immunogenicity potential of test molecules

odulatory functions
JEIP”

\ European Immunogenicity Platform




Adaptive

responseate T cell assays outcome

CD8-depleted PBMC assay
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Correlations in silico, in vitro and in vivo

In silico: peptide binding

In vitro: T cell proliferation/ activation
as a surrogate marker for antibody
responses

50 donors

In vivo: anti-drug antibody responses
1000’s of patients

Complexity of the human immune system
Unknown factors

Combination of drug-, patient and treatment-specific factors
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