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Outline

> Biological drugs

» Immunogenicity. Anti-drug antibodies (ADAs)
» Clinical consequences of immunogenicity

» Anti-drug antibodies (ADAs) as biomarker for monitoring treatment response

e Antibodies against NATALIZUMAB
e Antibodies against IFNR



Biological drugs. Definition

Biological drugs/ biologics/ biopharmaceuticals/ therapeutic proteins

» Drugs synthetized wusing biotechnology and genetic
engineering

» Therapeutic revolution for many diseases. Greater efficacy

* Monoclonal antibodies for in-vivo use

» Cytokines, growth factors, enzymes, immunomodulators; and thrombolytics

* Proteins intended for therapeutic use

» Produced with the help of genetically modified organisms for this
purpose (bacterial or mammalian cells)



Biological drugs. Production
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Biopharmaceuticals represent an increasing
percentage of new drug approvals

First FDA approval for a ,
recombinant DNA product: Atotal of 322 therapeutic

Insuline (Humulin1; 1982) proteins approved by FDA

* Neurological diseases (multiple sclerosis)

» Chronic diseases (rheumatoid arthritis, inflammatory
bowel disease)

 Cancer



Immunogenicity

One major limitation:
Anti-drug antibodies (ADAs)

Can be recognised by the immune system as foreign molecules and
generates an immune response against them in the form of ADAs

* adverse effects
« decrease the effectiveness of the drug



Factors that may influence the development of an
immune response against a therapeutic protein

Drug related factors Production process

* Sequence variation/ murine * Aggregates
components * Impurities

¢ Structural properties * Additives

* Contaminants in the * Containers

formulation process

Individual characteristics

* Immunocompetence
of the patient

* Genetic predisposition

/ * Type of autoimmune
\ disease (+/- severity)
Detection of anti-drug antibodies
5 T‘fpf‘-' of assay Treatment related factors
* Timing of blood sample * Concomitant therapies
* Dose & frequency of biologic

Route of administration
Interruptions in therapy

Rheumatology, Volume 57, Issue 11, November 2018, Pages 1896—1907, https://doi.org/10.1093/rheumatology/kex434



Clinical consequences of immunogenicity

Biologic drug __

Anti-drug antibodies production

No effect Consequences on Consequences
Efficacy on Safety



Clinical consequences of immunogenicity

Consequences on Efficacy

» ADAs may change the exposition of the therapeutic protein by either
increasing or decreasing its clearance. Binding antibodies

» ADAs can affect the interaction between the therapeutic protein
and its receptor. Neutralising antibodies



Antibodies against IFN beta
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Clinical consequences of immunogenicity

Consequences on Safety

Infusion Hyperacute /
reactions acute reactions
anaphylactic/anaphylactoid
reactions

Delayed reactions : :
(T cell-mediated) hypersensitivity and AUtO immun Ity

immune complex-mediated reactions Cross-reactivity with the native protein



Therapeutic drug monitoring (TDM)

TDM: clinical decision-making tool that enables to adjust the dose of
the drug, based on clinical and laboratory measurements, to reach
the highest possible response rate

v Drug levels Useful biomarkers for
monitoring biological
v" ADAs drugs in clinical practice

Practical recommendations for the use of therapeutic drug monitoring of biopharmaceuticals in inflammatory diseases.
Dreesen E, Bossuyt P, Mulleman D, Gils A, Pascual-Salcedo D. Clin Pharmacol. 2017



Strategy for immunogenicity assessment

Test samples

Tier 1-Screening l

screening Assay

7/ N\

negative samples positive samples

archive || pegglive sainples |t Cunﬁfmﬂtnwiﬂ\.ssay

Tier 2- Confirmation l

Confirmed positive samples

Tier 3- Characterisation / l

- Characterisation
Neutralisation Assay ‘ 2.q. titer, affinity, isotype,
antigen euilupes

Correlation of produced antibodies
with clinical responses

I

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

Guildsding af ImmufodgEncly adsatamanl of therapaullt prodein

EMEA/CHMP/BMWP/42E32/2005 Revl



Biological drugs with relevant assessment tests

« Certolizumab pegol (Cimzia)

* Adalimumab (Humira) - Basiliximab (Simulect)

* Infliximab (Remicade) « Eculizumab (Solirismab)

- Etanercept (Enbrel) » Tocilizumab (Actemra)
» Cetuximab (Erbitux)

» Panitumumab (Vectibix)

* Rituximab (Rituxan)
* Interferon-3 (Avonex, Rebif, Betaferon)

* Natalizumab (Tysabri)  Trastuzumab (Herceptin)

* Ustekinumab (Stelara) » Bevacizumab (Avastin)

« Vedolizumab (Entyvio) » Nivolumab (Opdivo)
 Golimumab (Simponi) » Secukinumab (Cosentyx)



Multiple sclerosis (MS)

v" Chronic, inflammatory, demyelinating
disease of the central nervous system

v Major cause of disability in young
adults

Slide 2



Molecular Biomarkers in multiple sclerosis
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Antibodies against NATALIZUMAB
as biomarker for monitoring
treatment response



Tysabri (Natalizumab)
Biogen

* Indicated for very active relapsing
remitting multiple sclerosis

 Administration: intravenous infusion
once every 4 weeks




MoA Tysabri (Natalizumab)

Systemic e B

Circulation g &S
- Central Nervous Leukocytey

System %
" 81569 ain

¢ B Barrier ) /}“ od-integrin
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r \ ¢ " Blood-Brain Barrier VCAM-1
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Q}Imm une cell®pass throdgh
= bleod-brain barrier

(f : f;;lm € cells stimulate Endothelial Cells
~ adi@miune attack
, ' agamst myelin

(2) ImMfiune cells may re-activate
— and produce cytokines

Monoclonal antibody that block the
union of VLA-4 to VCAM-1 interfering
with lymphocyte trafficking into the
CNS, thus reducing the pathogenic
processes of MS



Drug development

Early Phase Preclinical Regulatory
Research Testing Review

5,000-10,000

Compounds

lew Drug Application Submitted

-ation Submitted

s Filed

Mayor issue: Immunogenicity prediction in preclinical
and clinical phases, and postmarketing surveillance



Therapeutic drug monitoring

v Development of a methodology for the determination of
Natalizumab antibodies

v" Six laboratories were accredited world wide

Reference laboratory for Spain and Portugal




Implementation of the assay to determine
Natalizumab immunogenicity

Phase | - Assay Demonstration
Phase Il - Reagent Qualification

Phase lll - Validation parameters



Methodology for the determination of Natalizumab
antibodies

Bridging ELISA:

Screening test: detection of the presence of antibodies

Confirmation test: evaluates the specificity of the antibodies

S1 S1 C1 C1 S8 S8 C8 Cc8 S15 S15 C15 C15
S2 S2 C2 C2 S9 S9 c9 C9 S16 S6 Cl6 Cl6
S3 S3 C3 C3 S10 S10 Ci0 ([Ci10 |[S17 S17 C17 C17
S4 S4 C4 C4 S11 S11 C11 C11 ([S18 S18 C18 C18
S5 S5 C5 C5 S12 S12 C12 c12 |S19 S19 C19 C19
S6 S6 Cé6 Ccé6 S13 S13 C13 C13 |S20 S20 C20 C20
S7 S7 C7 c7 S14 S14 Cl4 |Ci14 |[S21 S21 C21 C21
QC1 QC2 NC QC1C




Methodology for the determination of Natalizumab
antibodies

-y B v

wr Pk

Screening

Confirmacion

 Patient serum

* Biotinylated Natalizumab

« SA-HRP (streptavidine horseradish peroxidase)
- TMB



Validation of the assay to determine
Natalizumab immunogenicity (ll)

Phase Il - Reagent Qualification

New lot of critical reagents will be run in parallel with
the previous lot concurrently to establish acceptable
performance before use in clinical testing.



Validation of the assay to determine Natalizumab
immunogenicity (1)

Phase lll — Validation parameters:

v'Precision:

v'Repeatability

v'Intermediate precision
v Specificity of the screening assay
v'Specificity of the confirmation assay
v'Robustness (inter lab)

v'Control range



Workflow
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Sample Reception Registration of samples

in the database

Screening and
confirmation test

Encode samples and
aliquot them

HOJA DE COMUNICACION DE RESULTAD(
DETERMINACION DE ANTICUERPOS AN

Mombre del paciente: JLRE

N¢ de Historia Clinica: 667767

Fachs de nacimiento: 14/08/1871

MUESTRA RECIBIDA el dis: 29/06/2018

Dr. Martinez Sanchez
Resultado:
ia de anti

en suero: NEGAY

Fechs de emision resultado: 03/107/2018

Reports

Sample storage at -20°C




Recommendations for clinical practice

The determination of antibodies against NTZ should be performed in the
following situations:

e worsening disease
* infusion reactions
* hypersensitivity reaction

fthe rsulis sl posve .
J

The treatment must be interrupted



Natalizumab Immunogenicity

Disease exacerbations or infusion related events may indicate the development of
antibodies against natalizumab. In these cases the presence of antibodies should be
evaluated and if these remain positive in a confirmatory test after at least 6 weeks,
treatment should be discontinued, as persistent antibodies are associated with a
substantial decrease in efficacy of TYSABRI and an increased incidence of

hypersensitivity reactions (see section 4.8).



Our experience
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Antibodies against IFN beta (NABs)



IFN beta

First treatment arproved for MS (1993)

» Reduce the number of relapses /CNS lesions

» Slows the progression of the disease

i1 40% of patients are considered
: non responders

Development of NABs




Antibodies against IFN beta

Binding antibodies
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Strategy for immunogenicity assessment

Transient Permanent
Positive Positive



Strategy for immunogenicity assessment

Transient Permanent
Positive Positive



Bioassays at IBIMA laboratory (Malaga)

v' More than 20 year experience in conducting Bioassay for determining NABs, according to the
Technical Report of WHO

v’ Based on the antiviral ability IFNB: A cell culture (A549) infected with a specific virus
(encephalomyocarditis virus) will be protected by the presence of IFNR (Blue = Cells alive)

Pc 1 Pc 2 Pc 3 Pc4

Celular
Control
IFNB ST (- virus)
Serial
dilutions Viral Control
(- IFNB)

A549: human lung cancer cell line
Encephalomyocarditis virus



Communication of results

Name Date of Betaferon Avonex Rebif
birth
XXXX 20/05/1956 Positive Positive Positive
(1455 TRU) | (1223 TRU) | (3875 TRU)
XXXX 12/07/1970| Negative Negative

Negative
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https://ki.se/en/cns/biopia

Karolinska Department of
Institutet Clinical Neuroscience

Start Education Research About CNS Contact

S3IOPIA

Biopharmaceutical Pharm

BIOPIA

BIOPIA is a non-profit collaborative effort of European laboratories with expertise in biopharmaceutical
pharmacokinetics and immunogenicity. It is an initiative that aims to 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. BIOPIA involves several labs from all across Europe that specialise in biotherapeutical

immunogenicity and assessing drug serum levels in many diseases. Through this website, we will work together to:

* Provide easy, accessible information about ADA and drug level testing
e 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 and hospitals together, with the goal of implementing routine, clinical testing for immunogenicity and drug



Start Education Research About CNS Contact

Overview BIOPIA Labs locations

For information about Find the lab nearest you that

biopharmaceuticals, assesses drug and ADA levels ©

immunogenicity, and why clinical
assessment needs to include
tests for ADAs. ©

b

Biopharmaceuticals Drug & ADA Tests Publications

Find your biologic of interest from a list of Determine the best test for patients, where  See major publications by each lab around
commercially available drugs to order it, and how to interpret results Europe that specialise in

® o biopharmaceuticals and assessing their

immunogenicity

©



Summary

v'One major limitation of biological drugs is the induction
of Anti-drug antibodies

v'These are related with a lower effcicacy of the drug and
with the presence of adverse events

v'The therapeutic drug monitoring is highly recommended
for the safety of the patients and the optimization of the
resources



Thank you for your
attention!

Begona Oliver
begoliver@gmail.com



