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B Background and Purpose

Assay Format of Neutralizing Antibody Assay

» Neutralizing antibody (NAb) assay is potentially conducted on samples that are
determined as ADA positive, particularly in clinical studies.

» There are no clear guidelines on how to select the assay format and when to
develop the assay.

» According to the results of the questionnaire to JBF supporters by DG2019-43,

both cell-based assay and ligand binging assay were used.
|

» The assay performance of cell-based assay is generally considered to be lower
than that of ligand binding assay.

Purpose of DG2020-49

> We investigated what assay format was used by focusing on the mechanism of action (MoA) of
biotherapeutics with reference to several literatures on NAb assay. The literatures on drug
tolerance improvement and cut point setting reviewed during our discussion are also introduced.
The assay format selected for NAb assay of each biotherapeutic was reviewed based on each CTD.
We discussed measures to improve the assay performance of cell-based assay.

An overview of our DG’s discussion and proposal on assay format is presented.
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Strategy for Selecting NAb Assay Formats
AAPS Working Group on Neutralizing Antibodies

The AAPS Journal {0 2016) Otmsmm
DOI: 10.1208/s12248-016-9954-6
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Abstract. Most biotherapeutics can elicit immune responses in dosed recipients ReHUKa P[IIUtla - BrIStOI Mye rs Squ' bb
generating anti-drug antibodies (ADAs). Neutralizing antibodies (NAbs) are a subpopula-
tion of ADXAs that can potentially impact patient satety and directly mediate loss of drug Joleen White - Blogen/Merck KGaA

efficacy by blocking the biological activity of 4 therapeutic product, Therefore, NAb
detection is an important aspect of immunogenicity assessment, requiring sensitive and . .
reliable methods reflective of the therapeutic mechamsm of action (MoA). Both cell-based Ma nOJ Ra]ad hya ksha = Regeneron

and non cell-based asays are viable options for NAb assessment. However, the scientific

approach for the selection of a suitable assay format (cell-based or non cell-based) for NAb .

assessment is not currently well defined. In this manuscript, the authors summarize the design Yua nxin XU - GenZy me/AI nyla m
and uility of cell-based and non cell-based NAD assays and recommend a NAD assay [ormat

selection approach that relies on a combination of three factors. These incude (i) the S ha | i n i G u pta - Amg en

therapeutic MoA, (ii) the evidence of desirable assay performance characteristics, and (i)
risk of immunogenicity. The utilty of correlating NAb response with pharmacodynamic data
is also discussed. The aim of this paper is to provide a consistent strategy that will guide the
selection of scientifically justified assay formats capable of detecting clinically relevant NAbs
for biotherapeutics with varying Mo As and diverse complexity.

KEYWORDS: assay format: biotherapeutic: mechanism of action: neutralizing antibody.
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Historical performance for cell-based NAb format

O Genesis of the cell-based NAb performance
Neutralizing antibodies are associated with potential impact to the overall risk/benefit assessment of
the biotherapeutic

— Potential efficacy impact in all biotherapeutics

Potential safety impact for molecules with endogenous counterparts, neutralizing both the
biotherapeutic and the endogenous molecules

- Neutralization of endogenous molecules can be life-threatening depending on the uniqueness of
function and the biological effects.

The preference for the cell-based format is based on assessing the entirety of the biological action
rather than a subset of interactions that are neutralizing

Theoretical example: Binding to the receptor may be necessary for the biological function, but it may
not be sufficient. There may be a structural change(s) required for downstream biology that other NAb
epitopes could affect.

« NAb(Z/\A AERERFDEARNIZI R T /REZ T« v bl (CEE%Z (X T AJgEEN DD,
 Cell-based format®i&iR (L. FFIIDEEEROY Ty M TERL.. EMENIERROESARZHU T3
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 Theoretical example : SEARANDIES (L. EMERIEEICETH DN, T2 TIERL, MDNAbTE
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I=w MRS U TCENEREIT DHERE(E. CNSERDIFRZEA TMOAEE R INE,
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J BF Revisiting the rationale and providing a MoA based

aeeroach to select a format

O Scientific basis for NAb assay formats selection

Risk Based Assessment

= Both of generating an
immune response and of
immune response having
an impact

= High rates of ADA
positivity affecting sample
numbers for testing

= Impact on non-redundant
endogenous compounds

®= Concentrations of NAb
that would impact in vivo
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Mechanism of Action

Reflect the biology of the
biotherapeutic

Incorporates the
pharmacology of the
target

Mode of drug-target
interaction

Design characteristics of
the biotherapeutic for
desired effect
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Assay Performance

= Sensitivity

= Matrix interference:
specificity and selectivity

®= Drug tolerance (sensitivity
in presence of C,,.n)

®* Reactivity of cells to other
sera components including
soluble target

= Reproducibility across
time course of clinical
program

= Relevance of cell line
receptor expression
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O Primary Determinant - MoOA

“ Drug Modality Drug Target Drug-target Interaction “ Recommended Assay Format

Agonist

Antagonist

Targeted intra-cellular
delivery of a potent
cytotoxin mediated
by antibody

Target cell lysis
through antibody
effector function

Recombinant protein or
antibody

g iy §

Cellular receptor

Monoclonal antibody Humoral target

VAT ZR N (REREF)

Monoclonal antibody Cellular receptor

VAT ZR N (HREREEK)

Soluble receptor Ligand

PIATAZRAN (UATR)

ADC Cellular receptor

fHres=E1% (ADC)

Monoclonal antibody

s a1

or complement

Target cell receptor, FcyR

Revisiting the rationale and providing a MoA based

aeeroach to select a format

HEEERFEE (CHITDMoAIC KL DNALRITEEDIEE

Drug binds and activates
receptor

Drug binds and inhibits the
target

Drug binds cellular receptor
and competitively inhibits
receptor-ligand interaction

Soluble receptor binds ligand
and blocks receptor-ligand
interaction

ADC binds the cellular
receptor and mediates the
internalization of payload

Antibody binds to target cell
receptor through variable
region and FcyR or
complement through Fc
domain

Cytokines, growth factors, EPO
agonists with no homology to
endogenous protein

Golimumab,
Ustekinumab,
Adalimumab

Natalizumab,
Trastuzumab,
Tocilizumab

Etanercept,
Abatacept

Brentuximab vedotin,
Adotrastuzumab emtansing

Rituximab,
Cetuximab,
Alemtuzumab

Ceil based assa

Cell-based assay as primary choice,

non cell-based assay as an

alternative

MNon cell-based CLB assay

Cell-based assay or non cell-based
assay

Non cell-based CLB assay

recommended; cell-based assay
possible with a suitable cell line

Cell-based assay(s)

Cell-based effector assay

recommended, cell-based binding
assay or non cell-based CLB assay
acceptable with justification

Replace deficient protein in
circulation or in target
cells; may need cellular
receptor for enzyme uptake Galsulfase

BN EOHMBERNS YA IA4 —<Y Y iR,
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Human factor IX,
Imiglucerase,
Idursulfase,

Enzyme functions in
circulation or through cellular
uptake

Enzyme bioactivity assay and/or
cell-based assay; two assay may

be needed

Enzyme replacement Enzyme

WAL (BF)
FEMDMoA, EFUT . FEN.
]




Potential assay formats

O Case Study A

Antibody drug conjugate targeting Her2 receptor and carrying a cytotoxic molecule

Mechanism of Action:
 ADC, targeting cellular receptor

* Bind to tumor cells overexpressing Her2 and deliver cytotoxic payload

Proposed NAb format based on MoA:

* Cell based assay preferred

* Measure inhibition of cell death induced by ADC
* Most scientifically relevant assay format

Tartgeted : i ADC binds the cellular
delivery of a potent

Cis i vt ADC Cellular receptor receptor and mediates the
by‘ v internalization of payload

Brentuximab vedotin,

Adotrastuzumab emtansine Cell-based assay(s)

12t JBF Symposium, DG2020-49 13




Potential assay formats

O Case Study B
Antibodies against PD-1 or PD-L1 (checkpoint inhibitors)

Mechanism of Action:
* Agonist, receptor target

* Bind to PD-1 or PD-L1, inhibiting binding of the other

Normal biological activity of target:
e Inhibit the immune response: “checkpoint”

Proposed NAb format based on MoA:
 Competitive ligand binding assay or cell-based assay equally viable (agnhostic assay for agonists)
* Measure inhibition of biotherapeutic binding to receptor

— soluble receptor in CLB

— cell-bound receptor in CBA, measure directly or through restored cell-cell interaction

Cell-based assay

Cytokines, growth factors, EPO

Recombinant protein or Drug binds and activates

Agonist tibod Cellular receptor e agonists with no homology to Cell-based assay as primary choice,
= Y Aiie endogenous protein non cell-based assay as an
alternative
] 12t JBF Symposium, DG2020-49 14




Potential assay formats

O Case Study C

Enzyme replacement therapy

Mechanism of Action:
* Replace deficient protein

Normal biological activity of target:
» Intracellular uptake

» Activation of enzymatic activity

Proposed NAb format based on MoA:

* 2 assays:

— Enzymatic activity neutralization where NAb could prevent conformational change necessary for

activity
— Cell based assay to assess uptake into the target cell
Replace deficient protein in Ereyine HURCHS Human factor IX, Bl DIy sy ot

s circulation or in target = ; Imiglucerase, w

nzyme replacemant Enzyme il 1ty it BRI circulation or through cellular R Eelf—l;:zei assay; two assay may

e n g

receptor for enzyme uptake iptake Galsulfase
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J B I Secondary considerations of risk assessment and assay

Eerformance

O Secondary Determinants — Risk Assessment and Assay Performance

Risk Assessment

= Risk of high ADA incidence yet low risk
of impact may favor competitive ligand
binding due to throughput and
robustness

= High risk of impact on endogenous
molecules provides less flexibility to
choose the less-preferred option from
mechanism of action

= High risk of impact places greater
emphasis on assay sensitivity in
presence of drug, which may favor
competitive ligand-binding

s BWADAEERD U R INHDN. ED) X TMMEUG
A, A=V NETEREDTZS ([CHEESHILBANEH (1
ZoEEMEN DB,

s AREDFADEENTNIEE, MOANSEX CHIEDE
AT 3> #IEIR T DERM(FATR0N,

FED IR ITNEVGEE., EYIFETF CORENLIDEE
ERRD. FEEMLBANEHI(C/IRBEEEMEN S D,

EIREDOI RO ETYVTAIN DA - AN,
7yt IA =YY NMNBIRDOE—_DI 7 05—,
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Assay Performance

& Strong influence when two different
formats are equally viable: test both in
early assay development

B Manipulations to improve drug
tolerance: more options available for
competitive ligand binding formats

. Sera concentrations of both drug and
soluble target

L Totality of assay performance

B Selection of cell lines and other reagents
for optimal performance and relevance
to mechanism of action
(one CBA is not like all others)
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Feedback from EBF
Focus Workshop
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Feedback from EBF Focus Workshop

Conference Report

For reprint orders, please contact: reprints@future-science.com

Feedback from the European Bioanalysis
Forum: focus workshop on current analysis
of immunogenicity: best practices and
regulatory hurdles

Joanne Goodman', Simon Cowen?, Viswanath Devanarayan?, David Egging®, Thomas
Emrich®>, Michaela Golob®, Daniel Kramer’, Jim McNally®, James Munday®, Robert

Nelson', Jo3o A Pedras-Vasconcelos'!, Timo Piironen'?, Denise Sickert'®, Venke Skibeli',

Marianne Scheel Fjording’ & Philip Timmerman*:'®

First draft submitted: 23 October 2017; Accepted for publication: 8 December 2017; Published online:

18 January 2018
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b.

European Bioanalysis Forum Workshop, Lisbon, Portugal, September 2016

At the recent European Bioanalysis Forum FocusWorkshop, ‘current analysis
of immunogenicity: best practices and regulatory hurdles’, several important
challenges facing the bioanalytical community in relation to immunogenicity

assays were discussed through amixture of presentations and panel sessions.

The main areas of focus were the evolving regulatory landscape, challenges
of assay interferences from either drug or target, cut-point setting and
whether alternative assays can be used to replace neutralizing antibody
assays. This workshop report captures discussions and potential solutions
and/or recommendations made by the speakers and delegates.

GBF Focus Workshop

In early 2016 the European Bioanalysis Forum (EBF) [1] created an
immunogenicity strategy workstream to address challenges within the
bioanalytical community when developing, validating and
implementing assays for antidrug antibody (ADA) assessment during
biotherapeutic drug development.

Just prior to the strategy workstream formation, the European
Medicines Agency (EMA) had published a revised draft to the 2006
immunogenicity guideline EMEA/CHMP/BMWP/14327/2006 [2],
shortly followed in 2016 by a new draft guidance from the US FDA
focused on immunogenicity assay development and validation [3].
The EBF community reviewed and commented on both documents
during public consultation and it became evident there were several
key challenges that warranted further discussion in the format of a
focus workshop [4]. This meeting took place in Lisbon in September
2016 with around 80 delegates and 13 speakers.

CERERR LB oI
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[FDA]

v Guidance for Industry : Clinical Immunogenicity Considerations for Biosimilar and Interchangeable Insulin Products, Draft (2019)
v' Immunogenicity Testing of Therapeutic Protein Products-Developing and Validating Assays for Anti-Drug Antibody Detection (2019)

[EMA]

v' Guideline on Immunogenicity assessment of therapeutic proteins (2017)_
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The starting point of the discussions was an overview of the
current regulatory landscape given by Michaela Golob (on
behalf of the EBF). Globally, there are various regulatory
documents concerning immunogenicity, however, guidance
documents specifically describing immunogenicity assay
development and validation have only been published by the
EMA and FDA. Within the International Council for
Harmonization (ICH) regions such as Japan and Brazil, there
are currently no regulations or guidelines released on this
topic. Outside the ICH regions there are several documents
delineating immunogenicity but no dedicated regulations
describing immunogenicity assay development and validation.
The EBF invited EMA and FDA representatives to present their
current draft guidelines and to inform the audience on current
discussions and thinking within their agencies. Joao A. Pedras-
Vasconcelos represented the FDA and gave an update on the
US perspective on therapeutic protein immunogenicity. He
explained regulatory expectations on providing an
immunogenicity risk assessment and a suitable sampling plan
for clinical studies.

As well as the development of validated ADA assays,
containing a multi-tiered approach of a binding antibody
(screening) assay, a confirmatory assay, a titer assay and
potentially a neutralizing antibody (NAb) depending on the
stage of development. Joao referred to preclinical
immunogenicity with the primary utility being the
interpretation of toxicology and pharmacology data.
Nevertheless such preclinical assessment may also reveal
potential antibody-related toxicity that could be monitored in
clinical trials and therefore appropriate storage of preclinical
immunogenicity samples is strongly recommended.

The level of immunogenicity testing within the clinical
development program is highly correlated to the potential risk
and should be described by a formal risk assessment starting
early in development. Jo~ao then discussed the FDA view on
assay design and validation parameters, especially
recommending cell-based NAb assays due to their tendency to
be more reflective of the in vivo situation. However,
competitive ligand-binding assays (CLBAs)might be a suitable
alternative in some situations. Additionally, he presented the
FDA recommendation on clinical sampling and storage
strategy, the latter being of importance should an agency
request reanalysis following submission of the Biological
License Application.

REREFVEADBEES SV NIT -3 BHNICREBULES(I Y ANE

2016598 (J-72ayTHEs) : EMABLUFDAICL Y THREENIZEDDH
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d. SURICEILTHMBIIRIE

Following on from Michaela’s introduction to the
immunogenicity landscape plus the presentations from the

FDA and EMA reviewers, the regulatory theme was continued I ﬁ4 F— 4 LN t ﬁ{g‘\ Z wtbiﬁ
y

with further focus on the EMA and FDA draft guidance E MA 7 > FDA /

documents released for public consultation in 2015 and 2016

enactively. The aims of the seesion were to undate delogates GEFIEEE. T IA—YN SAASI5— IpPETER. BIE. ST, 4SRN IS IEERIE, Pyt Dhy AN, %)

on the main comments and suggested revisions submitted by
PR | ERDMICHIF DI IS I BN EZET I DNENDHD

the EBF to both agencies and highlight the key areas of
comment. This was followed by a regulatory panel session
where questions were posed to the two regulators plus

'I'\'/Ihiz:ierrllamic:lo:fiﬂg :EOBaFncn(fmGn?::t?zr:l‘ the two new draft ﬁy‘_}? |€E(L4#,fbbt1CHODHR%Ha,D\EﬁuAéné Ltb\}iluo
guidance doZuments was presented by Joanne (on behalf of L. ICH%EEU%/ﬁta_t&)@}bﬁ'i’Y%%'ﬂfﬁkjﬁn&)(g_(jl\ /}\78:<t:5

the EBF). While a significant number of comments were é‘S(CBilD@ICH?E?]D(C&%b%@)K@%HﬂD‘UZ\ECU?M

received, the main focus of the presentation concerned the
scope of the documents, molecule formats, biosimilars,
positive controls, sensitivity, drug tolerance,

Y — . 3

specificity/characterization, assay cut-points, NAbs and ﬁﬁ49 ~ Zm Eaﬁw S (imnﬁAlEh\ E hz 5
general comments. While parts of the guidance documents j " ﬁ iERA x b\ o
are aligned between the two agencies, one of the challenges

for the community as a whole is to adhere to both documents “ Y = S " )

to cover multiple filings in different regions. Ideally an ICH ﬁb‘rg >ZI§0) Eaﬁ(hﬁb\ﬁam‘r\/ I\

harmonization effort dedicated to immunogenicity could be

initiated, yet unfortunately this would require at least one Az 1

more ICH region to produce a guidance document to fulfil the ﬂzﬁ%%ﬂ’g %ﬁ“@ BJ:U %Lb\b/}ﬁijéﬁﬂ )E |$u:|:'ﬁ|ﬁ0)%‘g IQE
ICH rules.

The definition of a biologic and therefore the need for
immunogenicity assessment varied especially in the area of

pepltidels (]icepen(t:h‘ent.i)n| thtzir Sizﬁ:fA rtisk.alssessmenl't] for EnyId /J:Eamcki(:ﬁjj\»{@‘/Z_Cﬁjat—)r:ﬁ;ﬁﬁw.tmjti%é—cﬁ . \
molecule format is vital and multifactorial approaches shou =

be taken when producing the assessment. Additionally, it is b\b\ia\‘%ﬁ?j;r_?“} hwuxa#mﬁigo

recommended that this assessment is formed early in Eq!m&f—}ﬁl}g(: (i%ﬁﬂ(]nyjon —FHEBNE,

development. However, clinical consequence of the
immunogenic response should be the driving factor rather

tan ADA ncidence.Everyone was I agreement it where =Pfi : FAFEHIRAEEE LR, |
this shofld automatically be classed as’;igh rifk. ’ ADA%L%’—?—(J:DB\ @b%‘ﬁﬁ%@?'lﬂﬁ%@ﬁﬁfiﬂ’ﬂ @%ﬁ%b\
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It should be remembered that an immunogenicity assay is only

lidated when d dsob lat iew. Thi i y S W i
the requiement or further testng and therefore sample | Fourpll S/ DER AL (KD, TOZHENESRS LUHIRTEN 2F THRIEE

storage becomes critical; it is not uncommon for applicants to

(e PO 52 el 2210 the NSt v o s e ot > BIRTICT —EBIHELRD. AR EBEHULOLBINEBSBLTLEURL,

or revalidate assays during development. Since it is well

known and documented that antibodies are stable in serum

and plasma matrices [5], the recommendation was to use {FDA@}E&] ‘ AN IMSE L0 MBI NYIRARTEETHIEN LGISNTVSTH)

trending analysis of positive controls as a viable alternative to
formal stability assessments. Validated assays are only
required at Biological License Application submission and

when supporting a pivotal trial that was generally agreed as IE_Q(LADAE %mﬁﬁnl‘i-ﬂl:ﬁt%ﬁﬁ?aht(i*j ETJ: OJ'C .

Phase lIl.
Although for high-risk molecules this could be as early as
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qualified in the earlier stages of drug development.

Furthermore it is usually rare that real-time immunogenicity FDAHA5>Z(p.16)
analysis is required and will only be requested when there is a
related safety signal; such cases equate to less than 10% of
FDA submissions.

: Because it is generally not feasible to establish the stability of subject samples, FDA
recommends storing subject samples in a manner that preserves antibody reactivity at the time of testing.

£21%)

Finally, NAb assays still need further consideration within the HII==? = = ~,
guidance documents, the choice of the assay format is well ;EIJE;E (Fu " Va I IdatIOI‘I@M\

mectation for elatve censttitty and dru tolerance IVWF— NEEAESR )\ AERRORE AR, SBLU—ARIICE ML TABSIT

expectation for relative sensitivity and drug tolerance in such
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The session o’n"challenges of drug tolerance and v %%WT‘EC:F:iEb‘ gﬁﬂyu‘_ta)ckj(:%g bjéb\

interferences’ included case studies and

presentations by James Munday (Covance), B .

Robert Nelson (Novimmune) and Thomas Emrich v LEREHIHERETHIBSDTYVEA REZNET HIHICEATE 5%k
(Roche Pharma Research and Early Development).

This session reviewed the challenges associated

with drug tolerance and target interference for FDAjj;{Q‘)Z(:(i\ BITO—¢EUTRGBEICEEEKUTHAIDH.

immunogenicity assessment assays. James gave

an introduction to why ADA assay tolerance and FDA 1i449>Z(p.22)

target interference are important to understand V. ASSAY DEVELOPMENT

and how they can affect data interpretation. He D-Development of Neutralization Assay

then reviewed strategies that can be applied to 5. Additional Considerations for Neutralization Assay

. : .g' PP d. The presence of onboard drug should also be considered when designing neutralization assays,
improve assay sensitivity when drug tolerance and particularly when drugs with a long half-life are used.

target interference are an issue. PRI Py AR RE T B FOL RO BV ERAEAT S BAE. HEL TV EAOFEEERIILENDS.

T—AAIT4 | wmmastrn .25 -p33)
1) F|MY—5y bOTFiS LML, ADABLUNAbPYEA [CEEERIFT,
EDEARSGIEICOVT, (22DF7— 7s7s’5’7'4 )

LTSz - 21 ADA@%’%WE@E&E(LDLVC (SEIODGHXTSRST)
7—22 NAbDOEWMEORZECDOWVT (DG discussionD3d5R)
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12th JBF Symposium, DG2020-49 24




The first presentation given by James
Munday described how the existence of
biological therapeutics with long acting
exposure is resulting in an increased
requirement for designing ADA assays
with an increased tolerance of free drug.
The presentation reviewed methods that
can be applied to improve drug tolerance,
including optimization of assay design
(co-incubation vs stepwise approach),
standard acid dissociation as described by
Patton et al. [6], solid phase extraction
with acid dissociation (Smith et al.) [7],
affinity capture elution (Bourdage et al.)
[8] and precipitation and acid dissociation
(PandA) (Zogbhi et al.) [9]. The review
showed how the equipment platform
choice, assay design and assay format can
all influence the drug tolerance achieved
in an ADA assay.
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YA T YA > OfiE
(HA>Fa1R-23> VS EENFE)

-IRAERSEREE (MSDB)

B fREE A OEEIME (SPEAD)
VI ZTA—FvIFrv—ia (ACE)
LB EEEFREE (PandA) &

https://www.e-b-f.eu/wp-content/uploads/2018/06/fw201609-08-Robert-Nelson.pdf
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The performance of ADA bridging assays,
where the presence of the drug target can
cause ADA assay interference, was also
reviewed and discussed. A drug target may
inhibit ADA binding at the interface between
drug and its target epitope resulting in a false
negative ADA result. Alternatively, if the target
is multimeric it may form a bridge with the
critical reagents used in the assay resulting in
a false-positive ADA result. Strategies for
overcoming such target interference were
discussed. These involved either removal of
the target by affinity capture/acid dissociation
techniques or by inhibition of the drug—target
interaction with the target receptor or with
antibodies to a different complementarity-
determining region (CDR) to that used by the
drug.

Robert Nelson then presented two case
studies on ‘overcoming drug and target
interference in ADA and Nab assays’.

Robert showed how
anti-target antibodies that are noncompetitive
with the monoclonal antibody (mAb)
therapeutic had been used in a methodology
to deplete the target and so minimize the risk
of false-positive results in the screening assay.
The method included a mild acidic treatment
to dissociate drug: ADA complexes and
increase drug tolerance and minimize the risk
of false-negative screening results.

i
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Case Study 1: ADA Assay Development

= Target Depletion Protocol

Anti-target antibody
non-competitive with drug

Sample

Biotinylated depletion Ab

Solid phase extraction (SPE)
with magnetic beads
Anti-target Ab competitive
with drug added to capture-
detection mixture

Supernatant

||s<reenmumv | [ confirmatory assay ||
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Using case studies, Thomas presented the
impact of assay conditions (incubation time

and native/acid pretreatment), the nature of
ADA positive controls and to a minor extent o — ~

different bridging-i latf | X L \‘

(ELISA and ECLIAS om the amatytical senaitivity, | | TS (1>F1R—S 3> BRIBET QUBLL/BRE T TORKLD) . ADABMENR

especially in the presence of residual drug | | OHEES. BEUSUIORBBZTYYTIVIAIPYEATTYIA—h (ELISABLY
ECLIA) i, BICTRERSEM (EMFB) OFE T CANBECRETHEER

(drug interference). ﬂ
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In the second case study, Robert
described how EC80 levels of target and
IC80 levels of drug were used to define
the experimental window in a cell-based
assay to assess the neutralizing activity of
ADA, and how the presence of even low
levels of target and drug present in
samples could confound the NAb
assessment. Robert illustrated how a mild
acidic treatment was employed to
dissociate drug—ADA complexes and
denature the soluble target; anti-idiotypic
antibodies were then used to remove the
mAb therapeutic and minimize the risk of
false negative results. The method
included a size exclusion buffer exchange
step to remove sample and buffer
components, which were incompatible
with the cell-based assay.

In his talk, Thomas Emrich emphasized
the need for a deep understanding not
only of the characteristics of ADAs
analytes themselves, but also of their
interaction partners, the drug and its
target.
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Case Study 2: nAb Assay Considerations

= Cell-based nAb assay
Most appropriate format based on mechanism of action
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= Drug interference
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May cause shift in cell-based assay parameters
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= Cell-based nAb assay

Concentration-Response Curve
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| = Drug and Target Depletion Protocol |
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In another example, it was
shown how even low abundant
oligomeric soluble targets can
mimic ADA responsesin a
classical bridging ADA assay
(target interference) that may
lead to false-positive
interpretation of ADA testing
results. Workarounds by using
competitive anti-target
antibodies or balanced
reduction of sensitivity by
sample dilution and benefit
from increased drug
tolerance/sensitivity due to
complex dissociation were
presented.
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In summary, careful characterization of ADA
assays and understanding of the interacting
proteins of ADAs under assay conditions is a
prerequisite for sensitive and specific detection of
ADAs. However, clinically meaningful investigation
of immunogenicity is always an integrated analysis
of ADA impact on exposure by measurement of
pharmacological active drug, clinical safety and
efficacy markers.

The session showed that there are a broad array
of techniques and assays in the analytical toolbox
to build sensitive ADA assays that address the
challenges of drug tolerance and target
interference. However, to do this the analytical
scientist needs a deep understanding of the
interacting proteins that are used to build both
NAb and ADA assays.

It is only then that we can be certain of generating
clinically meaningful immunogenicity assessment
results. The panel discussion highlighted the
challenges faced across the community with
building assays that can meet all the requirements
but identified ways forward. There was some
caution noted on applying acid dissociation
techniques to all assays, whether this was needed
or not; acid dissociation can change immunogenic
epitopes and should therefore only be applied in
situations where there is a demonstrated need to
increase drug tolerance. Changing the method
equilibrium can sometimes be a more effective
way of improving assay performance.

AEEDRIICHEVNTHARS

NAbEADA. B73 D7y A %1895 ETIERINS AHEERY>2NIBADZRRHE

SR, SREOSVRILAEIRT D

ERARE ICR IR D 35 5 e R T DR 5

- FEIERMEZEDEY)
« BRARMZEHESLUERN
BRER (I DADADRE

WHERHFZINTHLETEEBED,

EN—h—

2B (CRENICETINSE

BIICHESD BB ICEN R FTEZIBEIT LB KU,

- ESAREERN : BAT3ICE. ERDRE

FERRRE (LSRR RIETE h— T2 Z S B alRE N D .

UIEhoT. Rt ZSEH IR EIEN RSN TOSRIRTOHBAINETHD. |

12t JBF Symposium, DG2020-49

http.//bioanalysisforum.jp/

34



f. NAbHlDNEE

The aim of the session was to discuss alternatives for detecting
clinically relevant NAbs using risk based assessment regarding
varying modes of action (MoA) and complexity of
biotherapeutics. In addition to evaluating the use of cell-based
versus non-cell-based assays, there are ongoing discussions
within the biopharmaceutical industry to replace NAb assays
with ADA and PK/PD assays, which was highlighted by the first
speaker Daniel Kramer (Sanofi). Jim McNally’s (Merck Serono)
presentation focused on the recent White Paper from the
AAPS Working Group on NAbs, which described when to select
cell-based versus competitive ligand binding (CLBA) NAb assay
formats.

Although there is a strong tendency within the
biopharmaceutical industry to replace dedicated NAb assays
with an integrated assessment of ADAs and PK/PD, regulatory
agencies are rather hesitant and still request the standard
three-tiered approach (including in vitro NAb assays). Daniel
Kramer acknowledged that there are indeed instances in which
NADb results do provide data that, but ADA and PK/PD alone,
are not sufficient for risk management of patients. This is
especially the case if the presence of NAbs is associated with a
high safety risk for patients (therapeutic proteins partially or
fully identical to a nonredundant endogenous counterpart).
However, in most other cases, dedicated in vitro NAb assays
are not really needed to interpret immunogenicity data
adequately. Retrospectively this can be seen for example with
anti-TNFa mAbs for which the combination of ADA titers, PK
and clinical end points were used successfully. Daniel Kramer
emphasized that further discussion with authorities is urgently

needed in order to gain a common understanding on this topic.
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To address the selection of NAb assay format, an AAPS
Working Group published a White Paper in 2016 [10] that
focused on using anMoA rationale for assay design. Jim
McNally presented how the choice between cell-based and
non-cell-based formats should be driven by a strong scientific
rationale that assesses the neutralization of the
biotherapeutic’s function. Of secondary concern should be the
typical parameters associated with development and
validation of a bioanalytical assay: sensitivity, tolerance of
matrix, drug tolerance and reproducibility.

In practical terms, the assessment of potential assay formats
should begin early in the development of a biotherapeutic.
The need to generate reagents and identify viable cell lines
can require long lead times and, therefore, should be initiated
based on a robust immunogenicity risk assessment for the
program. In addition, early and frequent consultation with the
regulatory agencies can mitigate potential clinical holds and
questions around the immunogenicity of the biotherapeutic.

In conclusion, only a minority of safety issues have been
detected due to traditional NAb assay findings. Indeed, ADA
and PK/PD assays could predict better NAb status in some
cases. However, regulatory agencies may not (yet) consider
ADA and PK/PD assays as replacements to dedicated NAb
assays. In addition, the validation of PD assays can be
challenging. Thus, retrospective and prospective analyses are
needed to obtain a better understanding of the utility of these
assays. In theory, a single PK assay for the determination of
active drug may be enough for the determination of NAb
status.

NAbZ7Y 1 IA—VY MEIRICHETFEN OIFREF 2R
IBHLELE7YVEA DIBERICERZTI TRNDA M—N—-2ZAR

(AAPS Working Group on Neutralizing Antibodies ; 20165 )
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Further discussions with authorities are needed in order to
gain common understanding in this topic. Additionally CLBAs
can be used to replace cell-based NAb assays by utilizing a risk
based approach evaluating the MoA and complexity of
biotherapeutic treatment. For example, high risk of ADA
incidence and low risk of ADA impact may favor CLBAs due to
increased throughput and robustness compared with cell-
based assays.

High risk of ADA impact may place greater emphasis on assay
sensitivity in the presence of circulating drug, which may also
favor CLBAs. Finally, implementation of the most suitable NAb

assay format should always be based on scientific justification.

It may be beneficial to develop both CLBA and cell-based Nab
assays early during the drug-development process to collect
data and gain understanding for the assay format selection.
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Statistical aspects of cut-point setting in ADA and NAb assays
were covered by two speakers. The first presentation given by
Simon Cowen (LGC) focused on the basic concepts, delineating
different approaches described in the literature. These vary
from classical unbiased estimators of the percentile in
question to the use of robust methods and prediction or
tolerance limits. Particular emphasis was placed on the
underlying statistical question each of these addresses, and
the performance of several methods was compared.

A particular discussion point was the recent draft FDA guidance
on setting the cut-point, which seeks to control the FPR at the
cost of a potentially biased estimate of the relevant percentile
[11]. This is a departure from previous guidance. The
simulations presented [12] showed that the FPR of the cut-
point proposed in the draft of the FDA guidance may yield 10%
FPR on average for the screening assay, which is not congruent
with the original intent of the earlier AAPS White Papers
[11,13,14], which advocated an average 5% FPR.

However the simulation presented in [12] were based on a
sample size of approximately, n = 50. When considering the
balanced design proposed in [11] that would yield a total of
over n = 300 sample results (50 subjects times three
independent runs by each of two analysts), the FPR of the cut-
point presented in [12] should be much lower than 10% on
average. Further evaluation using data from several ADA
assays has shown the FPR to be approximately 6-7%.
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The second speaker, Viswanath Devanarayan (Abbvie),
provided a comprehensive practical guide to setting the cut-
point that adheres to the requirements laid out previously,
which is also straightforward to implement despite the
potential complexity of the task. The outlier evaluation
process can be tackled using statistical modelling where
statistician support is available, or by the simplified approach
described here.

Of particular practical importance is the suitability of a
prestudy cut-point determined during validation for use
during in-study implementation, as the former is an estimate
based on a sample with an associated uncertainty. This was
investigated by simulation using the Shankar et al. design [11],
and it was found that in 95% of the cases the FPR varied
between 2 and 11%. It was recommended that if the in-study
baseline samples yielded an FPR outside these limits, a
statistical comparison of the means and variances between
the prestudy validation data and the in-study predose baseline
data should be made to further understand the differences,
and a new in-study cut-point should be established.

Additional questions, such as the evaluation of the suitability
of negative quality control as a normalization factor for
floating cut-point calculations, when and how to use titration
cut-points, objective statistical criteria for comparing titer
results between samples and criteria for determining
treatment-boosted ADA were also discussed.
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The session then moved onto two speakers who presented
some of the everyday challenges related to cut-point setting.
Timo Piironen (Syrinx Bioanalytics) emphasized that to date
Shankar et al. [11] has been the only White Paper to provide
specific instructions for the validation of immunogenicity
assays. This has become a standard approach within the
industry and the recent EMA and FDA guidelines follow the
same principles. However, the recommendations may be
suitable for some assay formats and problematic for others.
Very sensitive assays (at or below ng/ml range) with a
biological background signal close to the instrument
background/noise and low variability often do not pass the
statistical tests and recommendations of the article.

Therefore, robust alternatives for cut-point calculation may be
needed. Additionally, sensitivity and selection of the low
positive control (LPC) level is often set at an inappropriately
low level. For the run control acceptance, the determination of
lower limits for positive controls should be adequate, higher
limits are not necessary. Furthermore, drug tolerance testing is
not meaningful for the LPC sample. This should be performed
using a threefold higher level than LPC. For confirmatory
assays it may not be possible to inhibit the LPC below the
confirmation assay cut-point as the signal has already reached
the instrument background level. Thus, the percent inhibition
limit should not be applied for the LPC.
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constructs, for example, nanobodies or single chain fragments
there is growing evidence for increased incidence of pre-

existing antibodies. Denise Sickert (Novartis) emphasized that
immunogenicity cutpoint determination is challenging when a Eﬂﬁ ﬁ‘* %i = \iﬁEA
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Therefore, an appropriate assay strategy needs to be
established which: distinguishes pre-existing antibodies from
false-positive results due to other interfering factors (e.g.,

multimeric drug target); avoids generation of an ﬁﬂ]fi?‘yt'f%mﬁiﬁﬁﬁvaﬁgb\“ﬁa

inappropriately high cut-point; and reduces the risk of false-
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evaluation; immunogenicity sample measurement directly in a
confirmatory assay; and selection of pre-existing antibody
negative samples assuming a mixed distribution model for cut-

point evaluation. Finally it was concluded that the incidence of ;55 Eﬁ*ﬁ{*q: wm‘*w%iﬂz (g%/\@*ﬁ%%gﬁ)

pre-existing antibodies should be reported along with
treatment-induced and treatment-boosted ADA responses.
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The session wrapped up with a panel discussion that
covered a number of topics related to setting of cut-points
and practicalities of performing assays.

Of the three types of cut-point that can be calculated
following the Shankar et al. design [11]: fixed, floating and
dynamic, there was general consensus that a floating cut-
point was most desirable for screening assays, and that this
method could even be applied in cases where a fixed cut-
point was indicated, providing additional reassurance in
case of small changes in assay performance during the in-
study phase. The use of a dynamic cut-point was strongly
discouraged, and was seen as a red flag prompting
questions about the robustness of the assay itself.

Discussing the FPR of the screening assay, it was not
foreseen that a statistical method yielding a 10% FPR [12] at
the validation stage would provide any practical benefit.
Calculation of an FPR at the 5% level in validation would be
expected to yield an in-study FPR of 2-11%. If the in-study
baseline samples yielded an FPR outside these limits, this
would be a trigger to evaluate an in-study cut-point.

In populations with a relatively high incidence of pre-
existing ADA, likely no standard approach is possible.
Strategies may include immunoglobulin-depleted drug naive
sera for cut-point setting, analysis of all samples in the
confirmatory assay using subject specific cut-points, as well
as application of titers in determining subject status,
although the latter may be difficult in cases of high titers of
pre-existing antibodies. Regulators acknowledge these
difficulties and advise to interact with them early on a case-
by-case basis.

On the practicalities of performing assays it was noted that
three duplicate negative control samples are most often
used, spread across the immunoassay plate. Inclusion of a
mid-positive control was considered beneficial by some
regulators in evaluating the robustness of assay
performance when reviewing the validation package, but
was not considered a requirement in sample analysis.
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The workshop closed with a final discussion where the
summaries from each session were presented. There were five
tangible outputs from the meeting:

A need for retrospective and prospective analysis to address
whether alternative assay formats such as functional PK assays
can be used to replace NAb assays. Such examples should be
shared at conferences and via publications with an emphasis
on whether immunogenicity safety signals would have been
missed if alternative approaches were employed in the place
of an NADb assay.

It is apparent that the industry has not standardized the
methods for reporting drug tolerance and that the practical
methods differ between laboratories. Additionally antibody
titer can be calculated with or without the inclusion of the
minimal required dilution; even when minimal required
dilution is included in the titer calculation it may range from
only the initial sample dilution or may include other sources of
dilution such as acid dissociation and/or dilution when added
to labelled reagents. Further discussion on this topic is
warranted with the aim to standardize these parameters.

A consortium should be formed to share data and one
suggestion was an interaction of the EBF with the European
Immunogenicity Platform.

A focus workshop to discuss case studies where
immunogenicity has adversely impacted PK.

The EBF to consider providing training on immunogenicity,
maybe as a preworkshop activity.
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Immunogenicity and appropriate strategies to confidently and
accurately assess immune responses in both preclinical and
clinical studies is a constantly evolving landscape. New draft
guidance documents from both the EMA and FDA have been
published and as a result have improved alignment across
regulatory regions in some areas of immunogenicity assay
development and validation but differences still exist.
Harmonization through ICH would be of benefit but not a
short-term reality. As further clinical examples are discovered
and our understanding deepens, more emphasis on assay
performance and characterization of the immune response is
requested from regulators..

While patient safety is always of upmost concern, the context
and relevance of these requests must come from the impact of
a resultant clinical response, if indeed one is seen. This should
be considered through the generation of a molecule specific
risk assessment, preferably at an early stage of drug
development. However, there should be a balance of fulfilling
regulatory requirements as they appear in the guidance
documents and applying sound scientific logic; simply
following guidance to the letter will not guarantee a successful
drug registration and conversely omitting certain parameters
does not automatically mean rejection of the submission.

Continued presentation of case studies and discussion within
the industry is required and the EBF aim to be an integral part
of those activities. For more details please visit the conference
website [15].
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The cut point of the immunogenicity screening assay is the level of response of the C 5% ;_%HJJ:(D/,\JIHIE%\ P lEe Ik
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the cut point to be an upper 95 percentile of the negative control patients. In this article, * :Cz_ FI?’R 1. = °
we assume that the assay data are a random sample from a normal distribution. The sample ( )
normal percentile is a point estimate with a variability that decreases with the increase - — _ » SH| = = =
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rate (FPR) with a high confidence level (e.g., 90%) when the sample size is not
sufficiently enough. With this concern, we propose to use a lower confidence
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selected methods for the immunogenicity screening assay cut-point determination in terms E_‘%\__\ (FPR) %ﬁﬁﬁ(%ﬂ(ﬂéo

of bias, the coverage probability, and FPR. The selected methods evaluated for the
immunogenicity screening assay cut-point determination are sample normal percentile, the

exact lower confidence limit of a normal percentile (Chakraborti and Li, 2007) and the :O)Eﬁ\\%%ﬁgbtx ,\\\}EE1L_C(I7&< }\ t//;’f)l/o)—qu

approximate lower confidence limit of a normal percentile.
It is shown that the actual coverage probability for the lower confidence limit of a
normal percentile using approximate normal method is much larger than the required

confidencelevel with a small number of assays conducted in practice. ZIK Y_C(i U(jb\@Z/JU_ >’]7“Jt’(@b‘y |\
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We recommend using the exact lower confidence limit of a normal percentile
for cut-point determination.
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VI. ASSAY VALIDATION

B. Validation of Screening Assay

2. Cut-Point of Screening Assay

One approach that allows for high assurance of a 5% false-positive rate is to
apply a 90% one-sided lower confidence interval for the 95th percentile of the
negative control population (Shen et al. 2015). This will assure at least a 5%
false-positive rate with a 90% confidence level. This approach improves the
probability of the assay identifying all subjects who may develop antibodies.

When using the approach published by Shen et al., the reportable value for
each sample should be the average of the six measurements. The statistical
method used to determine the cut-point should be based on the statistical
distribution of the data. For example, the 95th percentile of the normal
distribution is estimated by the mean plus 1.645 standard deviation. Other
approaches may be used for estimating 95th percentile, including the use of
median and median absolute deviation value instead of mean and standard
deviation.

C. Validation of Confirmatory Assay
One approach for the estimation of the confirmatory assay cut-point is to use
an 80% to 90% one-sided lower confidence interval for the 99th percentile.
Because the purpose of this assay is to eliminate false-positive samples
arising as a result of non-specific binding, it is adequate to use a 1% false-
positive rate for the calculation of the confirmatory cut-point.
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wWYSummary

d We investigated what assay format was used by focusing on the
mechanism of action (MoA) of biotherapeutics with reference to
several literatures on NAb assay. An assay format should be selected
by considering MoA, assay performance and risk based assessment.
Critical points on the selection of assay format were summarized.

d The literatures on drug tolerance improvement and cut point setting
were introduced.

d The assay format selected for NAb assay based on the recent
application of 53 biotherapeutics was summarized. Enzyme
bioactivity assay was mainly used for replacement therapy
(Enzymes and blood coagulation-related factors). LBA was mainly
used for antibodies.

d We discussed measures to improve the assay performance of cell-
based assay and introduced our proposals.
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