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expressed Iin this
presentation are entirely
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be misconstrued as
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regulatory authority




Unwanted Immunogenicity

Product

Safety

Infusion reactions, anaphylactic, hypersensitivity
reactions, adverse effects

Efficacy Antibodies
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Clinical Impact
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Often the ‘real impact’ of ADA only becomes clear in a post-approval setting




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 on immunogenicity of therapeutic proteins
FDA

2014 — Guidance for Industry. Immunogenicity Assessment for Therapeutic Protein Products

« 2019 — Guideline on Immunogenicity Testing of Therapeutic Protein Products — Developing
and Validating Assays for Anti-Drug Antibody Detection.

EMA

« 2017 — Guideline on Immunogenicity assessment of therapeutic proteins —
(EMEA/CHMP/BMWP/14327/2006 Rev 1)

« 2012 — Immunogenicity assessment of monoclonal antibodies intended for in vivo clinical use
(EMA/CHMP/BMWP/86289/2010)

Biosimilars guidance from both agencies



Harmonised Approach to Immunoaenicity Testina

EMA

« General and pragmatic, adopting ‘industry
practice’ where possible

* No specific guidance but ‘Guideline on
bioanalytical method validation’ EMEA/
CHMP/EWP/192217/2009 Rev. 1 Corr. 2**

FDA

* Prescriptive but useful, aligned with industry
where possible

» Specific guidance on ‘Assay development and
validation’

Concepts and principles generally well-
aligned and harmonized where possible
Deliver meaningful and clinically

relevant immunogenicity results for patient
safety and informed prescribing

\

What atributes of ADA immune response
have the potential o be clically elevant?

+ Preguistng ADA + ADA duration
! (persistence)
*Treatmentinduced
ADA +Time to ADA onge!
*Treaimentboosted ~ * Neubalzing ADA
ADA
+ Drug-clearng ADA
*ADA leveler response
* Antibody isotype * Drugrsustaining ADA
| feSponse
+ADA cross-teactiil
Wil an endogenous ~ For mult domain
component and related  molecules, the domain
biologiealdrug speoficy of ADA

\ )
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Wh types of immunogenioty-related
adverse clincal consequences are possible?

Acute adverse events:
+Typed hypersensiivty

* Injecion-ste reaction or
infusion reaction

Non-acute adverse events:
*Type-[l hypersensity

» Worsening of disease
* Increased drug loxiciy
» Partal response (atenuated effcacy)

+ Primry loss o response

\ » Secondary loss of response /




EMA Immunogenicity Guideline (2017)

HOW?
4

‘Developing an integrated analysis strategy relevant for the
Intended treatment plan is critical for elucidating the clinical
relevance of immunogenicity data’

4

Comprehensive Assessment
Risk-Based Approach: Analysis of risk factors
Testing: Well-Designed Studies, Sampling Strategy, Assays



Risk Factors

Product related:

Nature of the protein (molecular structure - primary sequence, novel epitopes, post-translational
modifications e.g. glycosylation, oxidation)

Impurities, contaminants, formulation excipients, aggregates

Properties (immunomodulatory/ target..)

Treatment related:
Dose, route of administration, frequency of administration, duration of therapy, concomitant
treatment

Patient related:
Age, gender, genetic make-up, immune status, disease/medical history, previous exposure

N gl 3fed, 2008 Match 13; 358(1: 11091117 «  EGFR mAb — colorectal cancer, squamous cell carcinoma of head and neck
Cetuximab-Induced Anaphylaxis and IgE Specific for Galactose- +  25/76 patients experienced hypersensitivity

a-1,3-Galactose « 17 had pre-existing IgE antibodies against gal-a-1, 3 gal present on mAb

Christine H. Chung, M.0., Beloo Mirakhur, M.D, Ph.D.. Emily Chan, M.D., Ph.D., Quynh-Thu Cases clustered in different US states; IgE antibodies potentially due to tick bites etc

Product with same antigen as natural immunogen



Planning of Studies

« Sampling strategy for ADA — frequency, timing and analysis dependent on risk assessment

« Schedule adapted individually for each product and based on clinical trial design
« Consider the PK of the product and assay capability (drug tolerance)
« Characterise ADA - kinetics of induction, magnitude, transient/persistent antibodies

* Include baseline and end of treatment sampling (to allow conclusions e.g., persistent immune response or
an immune response that was suppressed by the therapeutic)

ON-Drug:

« Early — 7 days, 3-4 weeks, monthly

*  Prior to re-randomisation

* End of treatment

OFF-Drug — End of study

« Sufficient interval from last dose to accommodate drug tolerance of assays

At early developmental stages, frequent, sequential sampling (to assess the risk); based on
knowledge, consider sampling

» Less/more frequent sampling during long -term follow up
* Real time (high risk)/retrospective (low risk) evaluation



EMA Immunogenicity Guideline (2017)

Integrated planning, analysis and assessment | Test samples |
L. Tier 1- Screening l
« Multi-tiered approach [Screening Assay |
« Assays, positive controls _ L -
| negative samples | | positive samples |
« Data on immunogenicity and analysis “"l‘ """"""""""""" |
ADA profile (incidence, titres, neutralisation, onset, | —— o ey
persistence) o |
ier 2- Confirmation
o Data on PK, PD Confirmed positive samples
* Integrated analysis of clinical impact Tier 3- Characterisation 7 |
« Conclusion on the risk of immunogenicity — Neutralisation Assay e - thar sirerky. motype,
. . . . . . .. . antigen epitopes
indication-specific, risk managing and mitigating | _____________________ j _________________
measures, pharmacovigilance etc Correlation of produced antibodies

with clinical responses

I

[ Integrated Summary of immunogenicity } e el (e e




Antibody assays

 ELISAs Screening
— Direct format problematical for mAbs
— Bridging formats; sensitive and robust

* Radioimmunoprecipitation assays (RIPA)

* Other technologies
— Surface plasmon resonance (SPR),
— Electrochemiluminescence (ECL),
— AlphalLisa etc

* Bioassay
- Cell-based Neutralization
— Non-cell-based



Bridging ELISA Formats

» Popular — ease of use, throughput

* Dual arm binding Streptavidin (e) plates
* No requirement of secondary coat biotinylated antigen

antibody D

add sample / control Ab Y

. Requires labelled therapeutic - &DIG - antigen  «@®

Labelling may alter epitopes.
* May fail to detect rapidly
dissociating antibodies. 2dd anti-DIG Ab

.%’
« Affected by therapeutic/target i AP conjugate )4
iInterference, matrix components -~
e.g. rheumatoid factors er096000 9

* Lacks sensitivity toward 1gG4

Add substrate
& measure OD




Bridging Assay - Electrochemiluminescence (ECL)

Mix sample / control Ab
biotinylated therapeutic
& sulfo-TAG therapeutic

!

Transfer to SA-coated

plates

Add read buffer (TPA).
Light emission at 620 nm
following a voltage-
stimulated oxidation-
reduction process.
Measure ECL counts

g
/’\l

Ruthenium-labelled

N\

Anti-drug w—r drug (Ru-SB2)
antibody %?
““5.  Biotin-labelled
.R drug (BT-SB2)
y & MSD Streptavidin
B m (MSD-SA)plate

Figure 3. Overview of Electrochemiluminescent (ECL) Bridging Immunogenicity Assay for
Detection of Anti-Drug Antibodies (ADAs) Using SB2-labelled Intermediates

Chelate — highly stable,
multiple excitation cycles:
signal amplified, Large
dynamic range, highly
sensitive, better drug
tolerance, less
susceptible to matrix
effects e.g., RF etc

Challenging to detect
rapidly dissociating abs,
lgG4



Screening Assays

Several platforms for detection of antigen-antibody binding
- Relative merits and weaknesses need to be considered

Selected assay Is sensitive, specific and not confounded by:

« Matrix effects — any interfering factors - false positive/negative
— Soluble target, disease specific e.g., rheumatoid factors, others
* Residual therapeutic/immune complexes — false negative

— mADs persist or given chronically at high doses so high levels of
drug and/or immune complexes expected. ‘Drug tolerant’ assay

* |f corrective measures required - must be validated for
effectiveness & adopted on a case-by-case basis based on their
suitability and need



Target interference

Monomeric soluble target can bind therapeutic, prevent ADA binding - false negative
Membrane-bound target or multimeric soluble target may form bridge with therapeutic
—> false positive

Mitigation: Deplete target - dissociate & affinity capture with Ab
Block drug target interaction - sol receptor , another Ab

Rituximab:
Immunodepletion — beads coated Ruhenyiated
with another anti-CD20 Ab or J\ e \ /J\
added antibody; Ultracentrifugation; N\ \*
Specificity check - bi-confirmation step ﬁ s A
(spike another anti-CD20 Ab +/- Rituximab) \( terzpeutc ! \W(/
Bevacizumab : %
VEGF in sample —
Bridging ADAassay: Bridgefomed by ADA Bridge fomied by C020' CMFs
Ofa confimationresult.  Positive Positive

Adapted from Chen K. et al, 2013,JIM 394:22-31




Residual therapeutic

« Samples with no/low therapeutic (e.g. washout); increase sample dilution and/or increase
incubation times, increase conjugate concentration

« Acid treatment (e.g. acetic acid 300 mM). Optimize incubation period and pH

Acid dissociation (AD):

1

~\\
E Jl sample EJ rsulfo-Tag
, i + base , ‘\ ADA

—_—

‘ p + assay f—
reagents
2 gens o
< <
£ £
= = -
biotin

Risks:
« ADA denaturation due to low pH treatment (may not be seen with PC at development)
« Acid - dissociation cannot be universally applied to improve capability of ADA assays Potential release of soluble

target from therapeutic: target complexes - target interference

19 Lofgren et al, 2006,JIM 308:101-108; Bourdage et al, 2007, JIM 327:10-17; Smith et al, 2007, Reg.Tox.Pharm.49:230-237: Dai S. et al, 2014, AAPS J

16:464-477



EMA Immunogenicity Guideline (2017)

Drug Tolerance

The Applicant has to demonstrate that the drug tolerance of the assay
exceeds the levels of the therapeutic protein in the samples for ADA
testing. Due to technical limitations it may not be always possible to
develop fully tolerant assays. If this occurs, the best possible assay
should be employed and the approach taken should be properly justified.



Neutralizing Antibody Assays

* Neutralizing capacity of positives needs to be evaluated ..... since this often
correlates with diminished efficacy. Deviation possible if strong justification
for a waiver e.g., experience (GH, Insulin)

« For most products, 2 assay types largely dictated by mechanism of action

Competitive ligand binding
assay (CLBA)

Examples - IFN-beta, Rituximab Example - Etanercept

Cell-based bioassay OR

« Cell-based : Better insight on functional effects, favored by regulators
Complex assay design, Validation can be difficult
- CLBA: Rapid, Simple assay design, no cells, relatively easy to use



Neutralizing Antibody Assays

+ Experience from TNF mAbs Assay choice: Cell-based - product MOA
Cell assays difficult, highly susceptible to
therapeutic

« Evidence from public domain

If sufficient sensitivity, precision, robustness
(benefit to biosimilars)

not achieved

The immunogenic part of infliximab is the F(ab ), but
measuring antibodies to the intact infliximab molecule
is more clinically useful

Shornron Ben-Horin, Mini Yavzon, Lior Katz, Uri Kopylov, Orit Picard, Ella Fudim,
o e s 2037 018 10 ntemi 0004 b L2 Daniel Coscas, Simon Bar-Merr, ramar Goldstein, Yehuda Chowers

Pl s a et antiotypi antiod response I autommune patins st
Infinconl neutalseon.

fon Rbeom D, 2015 Jar A1 3114 cor 10 e 20 -206EAT. Epu 2014 et 28

4

DR Engage with regulators; Strong justification
van Sche KA HertMH' e GrootER', Knihof ' Acen LA” Wobink G Rispens T

 Somet Y e S o . v e E oS  roctE: Mo vt S R T A, okiok Gl

o The antibady response against human and chimeric anfi-TNF therapeutic
- anfibodies primrly targets the TNF binding region.

and data (transparency) — alternative
approach may be acceptable



Testing is challenging

« No perfect screening assay.
« May need to evaluate more than one assay platform, assay/ assay conditions

dependent on therapeutic
« 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

* Clear criteria for discriminating +ves from —ves

* Regulatory obligation to validate assays

Target : Measure Polyclonal response



Immunogenicity Assays: Reporting Data

e Screening cut point (SCP) - assay threshold at/above which samples are defined as +ve
« Detect all (potentially) clinically relevant ADA

« Define statistically using healthy (or diseased) controls (~5% false-positives), check
suitability of SCP with pre-dose clinical samples; justify outliers, how pre-existing
antibodies handled, show derivation of SCP

« Confirmatory cut-point (CCP) - level of signal inhibition at/above which a sample is judged

to have specific antibody R
 Derived by testing drug-naive samples with and without therapeutic ~ |; -
(for eliminating false positive samples post-screen) S HI HI I Hl
 Titre determination - maximal dilution giving a signal above SCP Spiked samples (ble bars)

« Should be informative as it can be linked to ADA of clinical impact. Need to be explicit as
to how this is defined and calculated.



Immunogenicity Results

« Explicit indication of samples tested, positive/negative/equivocal at timepoints
« Screen positive ADA samples and subjects by treatment group
« Baseline, ON-Drug, End of study & OFF-drug samples: treatment emergent, boosted & total
« Same applies for confirmed positive ADA samples
« Sequential Data for transient/persistent ADA/post-treatment
« Assay titres over time

* Presentation of data with summary Tables and Figures

* For PK/PD impact stratified groups based on ADA

« Visualise individual profiles in subjects with and without ADA when there is a high incidence of ADA
formation

« A subgroup analysis of ADA negative and ADA positive subjects comparing PK parameters between
treatment groups if feasible

- Impact on efficacy/safety etc?



Example: Benralizumab (Fasenra)

Humanised, afucosylated mAb - IL-5Ra subunit on basophils, eosinophils and induces
their apoptosis in the presence of NK cells via enhanced ADCC

Indication - add-on maintenance therapy for severe asthmatic adults (eosinophilic
phenotype)

Phase Ill — 2 dosing frequencies; 30 mg sc every 4 weeks vs every 4 weeks for the 18t
three doses, then every 8 weeks thereafter

3-tiered testing — screening, confirmatory and titre, NAb assay

ADA +ve - Baseline 2%, post-treatment 7-14% study based (boost & new btw 8-16
wks); median titres peaked ~400; very high titres >25,600 in 0.5% patients

68-80% were NAbs and persistent; high median titres (ADA and nAb titres)

ADA incidence slightly higher and increased NADbs with low freq vs 4-week regimen
ADAs impacted trough Ievelsl and eosinophils]to pre-treatment levels (rare)

No clear effect of ADAs on efficacy/safety incl hypersensitivity reactions.

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Public_assessment_report/human/004433/WC500245333.pdf




Example: Benralizumab (Fasenra)

« Further data on the long-term impact of persistent neutralising ADAs will be provided

27

from the extension trials (2 studies) as part of phamacovigilance & RMP - Q4 2018 &

Q4 2019

SmPC ==

Safety concern

Routine risk minimisation
measures

Additional risk minimisation
measures

Loss of/reduction in long-term
efficacy due to persistent
neutralising anti-drug
antibodies

SmPC section 5.1
(Pharmacodynamic properties)
states:

Immunogenicity

Overall, treatment -emergent
developed in 107 out of 809
(13%) patients treated with
Fasenra at the recommended
dosing regimen during the 48 to
56 week treatment period of the
exacerbation trials. Most
antibodies were neutralising
and persistent. Anti
-benralizumab antibodies were
associated with increased
clearance of benralizumab and
increased blood eosinophil
levels in patients with high anti-
drug antibody titres compared
to antibody negative patients;
in rare cases, blood eosinophil
levels returned to baseline
levels. Based on current patient
follow-up, no evidence of an
association of anti- drug
antibodies with efficacy or
safety was observed

None

http://mww.ema.europa.eu/docs/en_GB/document_library/EPAR_Public_assessment_report/human/004433/WC500245333.pdf




Antibodies and clinical impact

RA patients treated with Adalimumab over 3 years

Sustained minimal disease activity
08, (DAS8<32)

o]
@
:
£ Abs develop within
LY 24 weeks
<91 %
£0
3t 0 06- I
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- e 2
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o 51 - | m====
O04{ 7
e £ e diminish levels of
R EEEEE R g = therapeutic
Weeks |
Q 194--d AAA+
0 Wit A O Hell —
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14
| |

Ab -ve 0 50 100 150
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55 No. at risk
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High Ab
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Biosimilars : Comparative immunogenicity

Historical data cannot be used to compare different products

« Head-to-Head studies

« Sensitive, homogeneous and clinically relevant patient population (ideally
naive). Extrapolation perspective

e Suitable design, size — allows conclusion on ADA and clinical impact

« Same assay platform, sampling points (baseline, sequential, post-
termination) based on product PK, sampling when therapeutic levels low
(wash-out period)

« Sampling for ADA (& for drug) in pivotal PK, PD, safety & efficacy studies
« Study duration — product based; in chronic treatment (1 year normally)

« Consider risk (previous experience, any potentially immunogenic structures, patient
population)



Comparative Immunogenicity : Biosimilars

State-of-art assays
e Options:
A. 2 assays using administered therapeutic product (true immunogenicity)
with similar sensitivity & specificity and no bias in recognition

B. Single assay using ‘biosimilar’ for both arms (relative). Should detect
antibodies to all epitopes of the biosimilar followed by a confirmatory step
using both products *

*Minimises Variabllity: risk of under-estimating RMP immunogenicity
(acceptable)

Expectation
Antigenic equivalence shown and assay suitable (antibody control/s)
Clinical sample data showing concordance (excess drug — equivalence)



Comparative Immunogenicity

Approved biosimilars of Humira
Approach for ADA assay

Biosimilar Manufacturer Screening Assay Neutralizing Antibody Assay
Imraldi Samsung Bioepis ECL (1-assay) Competitive ligand binding
Cyltezo! Boehringer Ingelheim ECL (1-assay) Cell-based?
Amgevita/Solymbic  Amgen ECL (1-assay) Cell-based?® and ligand-binding
Hyrimoz Sandoz ECL (1-assay) Competitive ligand binding
Hulio Mylan ECL (1-assay) Competitive ligand binding®
Idacio Fresenius Kabi ECL (1-assay) Competitive ligand binding
Deutschland GmbH

Information taken from EPARSs of the different products from EMA website
Product withdrawn in Europe in 2019, 2 ADCC assay; 3cell-based initially and superseded with ligand binding assay due to poor
drug tolerance.



Comparative Immunogenicity

Expectation :

Antigenic equivalence
using antibody controls

100

% signal inhibition

T T T ]
(0] 1 10 100 1000
PC concentration (ng/ml)

Figure 4. Relative binding curves with titrated positive
control (0-250 ng/ml) versus spiked confirmatory
concentration of biosimilar/originator (50 ug/ml)

Ryding et al (2017) Bioanalysis 9(18), 1395-1406

Anti-adalimumab antibody assay methodology

Anti-Drug-Antibodies (ADAs) were measured by a bridging ligand-binding electro-chemiluminescent
(ECL) assayin both Humira- and SB5-treated patients. (For validation of these methods, see Analytical
methods in the Discussion on Clinical pharmacology section of this AR and Clinical AR.)

Neutralising antibodies

Neutralising antibodies (Nabs) were measured. The neutralising activity was assessed by inhibition of
TNF-(t binding to immobilised SBS by circulating ADAs.

Antigenicity of SB5 and Humira

The Applicant claims that adalimumab of EU-Humira and SBS are antigenically equivalent by showing a
similar inhibition of the signal by a monoclonal human anti-adalimumab antibody. In addition, the
Applicant has used dilution curves of polyclonal rabbit anti-SB5 and rabbit anti-adalimumab (from EU
Humira) to demonstrate similar reactivity in the ECL assay.




Comparative Immunogenicity: Biosimilars

Data assessed in context of totality of evidence

Similar ADA incidence, titres, neutralisation, kinetics of development

|dentify root cause of any differences e.g. impurities, aggregates etc
— Excess immunogenicity not compatible with biosimilarity BUT

— Lower immunogenicity does not preclude biosimilarity: Justification
required
Expectation - Clinical consequences / impact no worse than RMP

— Compare clinical impact of ADA on PK,PD, efficacy, safety etc
Post-approval surveillance of immunogenicity

« Key requirement for biosimilars: monitoring any immune-mediated adverse
effects

Special studies in high risk situations
— Where serious but rare effects (anaphylaxis) known with reference product




Some Examples




Remsima vs Remicade

* Initial testing with a single antigen (reference product) — no difference seen

« Assay using biosimilar as antigen developed — no difference, including ADA titers

» Cross testing of sera with both assays
— good concordance — evidence for similar immunogenicity

* Indications studied Remsima Remicade (reference)
Ankylosing Spondylitis 37.5% 36.1% B
Rheumatoid arthritis 55.6% 54.3% =

« Similar impact on clinical efficacy and safety TE N

APPROVED - EMA




Etanercept Biosimilar: Benepali (SB4) vs Enbrel
Phase 3 in RA patients (+ MTX): ECL assay with SB4 as target (One assay approach)

ADA Incidence (any positive) Reviewed validation of ADA assay
* Assay drug tolerance close to mean trough
Phase IlI SB4 EU Enbrel® concentrations which differed at weeks 4, 8
timepoint « Sufficient to cause bias in ADA testing?
N=299] (%) | N =297 (%) D  Re-evaluated — Ignoring week 4, 8 samples
Week 24 2 0.7 39* 13.2 <0.001
Table 31. Incidence of Overall ADA by Treatment Group by Ignoring Samples Taken at Weeks
Week 52| 3 1.0 39* 13.2 4 and 8 (Safety Set, Study SB4-G31-RA)
Sampling: Baseline, Weeks 2, 4, 8, 12, 16 & 24; 1 patient NAb+ve Overall ADA Status :!]:14‘ W Ef[ﬂsE([nl;:Td pvalue
Rationale for putative lower immunogenicity? 24-week Qverall ADA Incidence | 0/299 (0.0) | 2/296 (0.7) | 0.2471
* SB4 - lower aggregate content and HCP 52-week Overall ADA Incidence | 1/299 (0.3) | 2/296 (0.7) | 0.6225

» Insufficient to explain difference in immunogenicity
 ADAs appeared early (between weeks 2 - 8) and
most disappeared after week 12

Conclusion:
SB4 no less immunogenic than Enbrel

Emery P et al Ann Rheum Dis. 2017; 76(1):51-57.



https://www.ncbi.nlm.nih.gov/pubmed/26150601

Benepali (SB4) versus Enbrel

Week 24 - ACR20 response rate in the per-protocol set was 78.1% for SB4 and 80.3% for ETN

100
80 - 74
g ’_,._--—." ————— v "
§ 60 - STV v
g o
2 /ol
S 48 ®  SB4 (N=247)
(&) /4 v ETN (N=234)———
< /
i/
204 N
0 T T T T T d
2 4 8 12 16 24
Time (weeks)
No impact on PK and safety.....
No difference in efficacy noted.. APPROVED - EMA

Emery P et al Ann Rheum Dis. 2017; 76(1):51-57.

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/004007/WC500200380.pdf;



https://www.ncbi.nlm.nih.gov/pubmed/26150601

Adalimumab ABP 501 vs Humira

Table 29. Summary of Binding and Neutralizing ADAs Following Repeat Dosing in
Study 262 and Study 263

Rheumatoid Plaque Psoriasis
Arthritis Study 263
Study 262
o Through Week 16 Week 16 to EOS
ABPE0Y | usaDA | Apsos | wsApa. | ABE R0 [EUADAL | EU-ADAS
ABP 501 EU-ADA ABP 501
40 mg 40 mg 40 mg 40 mg 40 mg 40 mg 40 mg
(n=264) (n=262) (n=174) (n=173) (n=152) (n=79) (n=77)
Binding ADA- - ‘ ‘ ~~ .
positive, n (%) 101 (T3B) 100 (I 8) 96 (-_) 110 ( V) 104 (77) 59 ( ) 56 ( )
Neutralizing ADA- - o '
positive, n (%) 24 (7) 29 (11) 17 (18 24 (IB) 21 ( ) 16 ( 19 ( )
Source: FDA analysis of data from Amgen 351(k) BLA submission
US-ADA: US-licensed Humira; EU-ADA: EU-approved Humira; EOS: end of study

APPROVED




Clinical Impact of ADA

ADA incidence and impact: Similar for the reference and biosimilar ABP501

For both products:

« ADA-positive patients had a lower exposure (troughs)

« ADA-positive patients had inferior efficacy

« Hypersensitivity/injection-site reactions were similar regardless of ADA status

* NADbs did not have a statistically significant differential impact on efficacy
between the two products

Conclusion : Both products (reference and ABP501) analytically and clinically
similar in terms of efficacy, safety and immunogenicity

APPROVED

39

Markus R et al (2019) A Review of the Totality of Evidence Supporting the Development of the First Adalimumab Biosimilar ABP 501. 36(8):1833-1850. doi: 10.1007/s12325-019-00979-6.



https://www.ncbi.nlm.nih.gov/pubmed/?term=immunogenicity+of+Amgevita
https://www.ncbi.nlm.nih.gov/pubmed/?term=immunogenicity+of+Amgevita
https://www.ncbi.nlm.nih.gov/pubmed/?term=immunogenicity+of+Amgevita

What is required?

— Risk Assessment

— Choice of methods and justification, Methods
—  Strategy of testing (Screening, Confirmatory, Neutralization),

— Validated assays (reports);

— Antibody incidence and titre (incl pre-existing)

— Kinetics of response i.e., onset, duration - transient/persistent,
persistence after treatment cessation? How long? Data

— Neutralizing capacity of the antibodies (yes/no and titre)
— Any Impact on PK, PD etc (for pre-existing too)
— Any Impact on Efficacy, Safety etc (for pre-existing too)

In some cases, further characterization
- Determine isotype, epitopes Data

Antibodies for host cell proteins if appropriate.



Conclusion

Immunogenicity is an issue for all biologicals (incl biosimilars).......
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An Immunogenicity testing approach based on

- scientific knowledge and risk considerations with sufficient data which
- Informs the prescriber of product immunogenicity and potential
outcomes for clinical decision-making




Validation Aspects and Terminology

EMA Guideline on bioanalytical method validation’ EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr. 2**

« Shankar et al (2008) Recommendations for the validation of immunoassays used for detection of host
antibodies against biotechnology products. J Pharm Biomed Anal, 48, 1267-81

 Gupta et al (2011) Recommendations for the validation of cell-based assays used for detection of
neutralizing antibody immune responses elicited against biological therapeutics. J Pharm Biomed Anal,
55, 878-88

« Shankar et al (2014) Assessment and reporting of the clinical immunogenicity of therapeutic proteins
and peptides-harmonized terminology & tactical recommendations. AAPS J 16(4):658-73

« Devanarayan V (2017) Recommendations for Systematic Statistical Computation of Immunogenicity Cut
Points. AAPS J 19(5):1487-1498



Thank Youl!




