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Antibodies and Adverse Effects

 MAD against EGFR — colorectal cancer,
squamous cell carcinoma of head and neck

o 25/76 patients experienced hypersensitivity

« 17 had pre-existing IgE antibodies against
gal-a-1, 3 gal present on Mab (expressed in
murine myeloma cells)

» Cases clustered in different US states;
IgE antibodies potentially due to tick bites etc

Eprex: Formulation change (1999)

Cause: Leachates from uncoated stoppers
(adjuvant). _ _
Formulation/Containers: risk factors Product with same antigen as natural
immunogen

PRCA cases in Thailand, Korea
- many marketed products

Cross-reactivity with endogenous
protein




Clinical Impact

« Efficacy — impaired clinical response
« Safety - Infusion reactions, hypersensitivity reactions, serum sickness
— Cross-reactivity with an endogenous counterpart

[Neurologv. 2013 Feb 6. [Epub ahead of print]

"significant neurological abnormalities ... after...
six infusions of natalizumab, .... extremely high
titers of antibodies against the drug."

Fatal Neuroinflammation in a Case of
Multiple Sclerosis with Anti-Natalizumab

Antibodies. . . ) )

_ , _ o death..from ‘rebound neuroinflammation as a
Svenningsson A. Dring AM. Fogdell-Hahn A Jones I. Engdahl E. Lundkvist M. Brannstrém . )
L. Gilthore JD. result of the development of natalizumab anti-

drug antibodies."



% Patients with

Product Name Protein Indication Immune Response
Intron A 7
Roferon . 25
IFN-a2a Hepatitis C
Pegasys 9
Peglintron
Betaferon 25-45
Avonex IFN-B Multiple Sclerosis 2-6
Rebif 12 — 28
Eprex, Procrit _
Epo Anemia Rare
Neorecormon, Aranesp
i 0-1.5
Neupogen, Nivestim G-CSF Myeloregenera_ttmn,
neutropenia 1.6
Leukine, Leucomax GM-CSF I_\/Iyelorege_nerathn, 2-95
immunostimulation
Proleukin IL-2 Oncology 47-74
o _ NHL 0
Rituximab Anti-CD20
SLE 65
Humira Fully human anti-TNFa RA 12 -28
Crohn’s 61
Remicade Chimaeric anti-TNFa RA 12




Risk Factors Influencing Unwanted
Immunogenicity

= Molecular structure, amino acid sequence, novel
epitopes, glycosylation, degradation, oxidation,
aggregation, deamidation

= Process related impurities, contaminants, host cell
proteins

* Formulation
= Protein properties, e.g. immunostimulatory/suppressive,
redundant/non-redundant

* Dose, route, frequency of administration and duration of
therapy

* I[mmune status, age, genetic profile, disease, treatment
* Previous exposure



Immunogenicity Risk

Any subtle change in the manufacturing process
can significantly influence the immunogenicity
of a product

An apparently small change in manufacture/
processing can substantially increase
Immunogenicity. Careful development of the
biosimilar product to ensure the guality attributes are
similar to the reference product is necessary. This
applies to not only the product characteristics but
also in terms of impurity profile, aggregates, etc



Unwanted Immunogenicity

Current Position

Testing for unwanted immunogenicity is integral to product development

(clinical & post-marketing phase) for ensuring the clinical safety of a
biotherapeutic and of a biosimilar

Animal data not predictive of immunogenicity in humans
In silico and T cell methods - clinical utility in prospective studies is lacking

Human clinical data needed

Every product needs to be evaluated for immunogenicity individually and
an appropriate strategy adopted based on intended clinical use

Guidance — EMA, FDA, WHO



Immunogenicity testing

o Consider the risks of immunogenicity. Develop an integrated immunogenicity
analysis strategy and study plan (incl sampling) relevant for intended clinical use

» Determine antibody incidence and magnitude, onset and duration of response

— Test for antibodies using sensitive and valid assays (detect all antibodies,
minimise matrix or residual product interference)

— Test for therapeutic in samples

» Determine the characteristics of the antibodies
— Assess for neutralization activity and biological impact, isotype, affinity

» Determine clinical consequences & significance of immunogenicity (cross-
reactivity with marketed products) and how the risk can be managed/mitigated

Key elements — low/high risk product , assay capability, assay
interference, clinical impact



Tiered Scheme

Test samples

|

Binding assay (screen/titer)

— T

POSITIVE NEGATIVE
Confirmatory assay | Neearive —— [DISCARD

l POSITIVE

Characterization, e.g.
neutralization, isotypes,
affinities, etc.




Immunogenicity Testing:
A Tiered Approach

Screening assays - for ‘identification’ of all antitherapeutic
antibodies
— ELISAs - direct, bridging, other formats
— Radioimmunoprecipitation assays (RIPA)
— Surface Plasmon Resonance (SPR)
— Other technologies, e.g. ECL, DELFIA, Gyrolabs

Confirmatory assays - for confirming antibodies
Other assays - for specificity of the antibodies

Neutralization assays - for discriminating neutralizing &
non-neutralizing antibodies.

- Cell- based assay or
- Non-cell-based ligand binding assay



Data from Biacore vs ELISA
Therapeutic mADb
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Residual therapeutic

Principle of acid dissociation: (AD)

Patton et al, 2005, J.Imm.Methods 304: 189-195 - bridging ELISA

a Sickert et al, 2008, J.Imm.Methods 334: 29-36 - Biacore
3 g '<§ Jl sulfo-Tag
E ADA -
\hADA + acid // (‘ +_>base , hADA
‘/ —> + assay S—
reagents f
-g é? Q\] L
£ E g
— —
biotin

Acid dissociation or a variation to remove the therapeutic & prevent
Immune complex formation.

Other options e.g., sample dilution, wash-out samples.

Possibly a strategy which involves a combination of above approaches
Lofgren et al, 2006,JIM 308: 101-108; Bourdage et al, 2007JIM 327: 10-17; Smith et al, 2007, Reg.Tox.Pharm.49:230-237




Comparison of Platforms

Mikulskis et al, 2011, JIM 365:38-49.
]



Testing is challenging

* No perfect assay for antibody screening
 Each assay has its own relative merits and weaknesses

 May need to evaluate more than one assay platform,
assay/assay conditions dependent on therapeutic

e Assays qualitative (no reference standard); controls needed

— Positive: for development, defining sensitivity, tolerance.
Hyperimmunised sera - affinity purified, mAbs, anti-idiotypic abs

— Negative: for threshold/cut-off for ‘discrimination’
Healthy sera, diseased /baseline sera, irrelevant antibody

o Clear criteria for discriminating +ves from —ves
e Regulatory obligation to validate assays

Target : Measure polyclonal response
- 000000___]



Confirmatory Assays

e For eliminating false
positive samples post initial
screen

e Spike sample with excess -ve
antigen and compare with
unspiked sample

Unspiked (green bars) and spiked
samples (blue bars)



Neutralization Assay

Assessment of neutralizing activity in a functional assay is important.

Any sample containing NAbs against the therapeutic reduces or
abolishes the bioactivity of a known amount of the therapeutic.

Cell-based bioassays often used. Data may correlate with clinical
response. However, non-cell based competitive ligand binding (CLB)

assays may be the method of choice. Likely to be dictated by the

mode of action
Neutralising Non-Neutralising

Effect of GM-CSF antibodies on
expansion of leukocytes

Wadhwa et al (1995) Clin. Exp. Immunol

104| 351-8.



Strategy for Immunogenicity
Assessment

Patient samples taken at appropriate

time-points

-ve samples rejected e} Screening Assays (===l +\e samples
M Confirmatory Assays <:D

!

NAb Assay el Confirmed +ve samples ===y Characterization

N Assess correlation of characterized antibodies
with clinical responses to biologic therapeutic

Assays for clinical markers and assessment

of clinical response in patients

|sotype
Affinity




Antibodies and clinical impact

RA patients treated with Adalimumab over 3 years

A

Abs develop
within 24 weeks

"

diminish levels
of therapeutic

B "

Ab -ve

compromises
efficacy
Low Ab

High Ab

Bartelds et al : Development of Antidrug Antibodies Against Adalimumab and Association With Disease Activity and

Treatment Failure Durini Loni-term Follow-ui JAMA. 2011;305i14i:1460-8.



Biosimilars : Comparative
Immunogenicity

Innovator vs biosimilar product immunogenicity

Historical data cannot be used for comparisons across different products/
studies

Design studies to demonstrate whether immunogenicity of the two
products is similar or significantly different.

Select a homogeneous and clinically relevant patient population.
For extrapolation, consider suitability of patient population.
Head-to-head studies using same assays & sampling strategy.

Assays based on administered therapeutic product. Cross-reactivity
studies
Post-approval monitoring for pharmacovigilance necessary

Similar antibody incidence, titres, neutralization, clinical consequences.
Lower immunogenicity does not preclude biosimilarity
Assessed in context of totality of evidence



Relative Immunogenicity

Comparative Clinical Trial using RP and NP

Patient samples

ﬂ Screening Assays ﬂ

-ve rejected |<—— [EEIETALE Ui Talep \I2H ——>| -ve rejected

RPlL UNP

Provide information regarding immunogenicity profile of each product — antibody

types, kinetics of antibody development, cross-reactivity. Assess correlation of
characterized antibodies with clinical responses to biologic therapeutic




Conclusions

Systematic evaluation of immunogenicity is important

There is no fit for purpose recipe for immunogenicity evaluation.
A case-by-case approach

Risks need to be considered and managed for patient benefit



Guidelines

EMA
» Guideline on Immunogenicity Assessment of Biotechnology Derived
Therapeutic Proteins EMA/CHMP/BMWP/14327/2006
» Guideline on immunogenicity assessment of monoclonal
antibodies intended for in vivo clinical use. EMA/CHMP/BMWP/
86289/2010

FDA
Guidance for Industry (Draft)
*Assay development for immunogenicity testing of therapeutic proteins.
December 2009
sImmunogenicity Assessment for Therapeutic Protein Products .
February 2013



