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Antibody Drug Conjugates: What are They? Y* )'

- Monoclonal antibodies covalently bound to cytotoxic
small-molecule drugs via stable linkers with labile bonds

- Designed to provide targeted cancer therapy by
preferentially binding antigens over-expressed on tumor
cells, while at the same time, minimizing systemic toxicity

- ADC therapeutic in vivo is a complex and changing mixture

An understanding of this mixture, including the
prevalent DAR species, is necessary for the development
of bioanalytical assays which are used to determine
overall safety, efficacy and toxicity of the therapeutic
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Conjugation Chemistry and Linkers

Why Does It Matter?

Conjugation Chemistry

> Lysine, Cysteine-based
> Engineered cysteine residues

> Determines the initial prevalent DAR species
(important for ADA and labeling)

> Can inhibit/enhance the binding properties of
the mAb

> Can affect tertiary structure

> Can potentially induce an anti-therapeutic
antibody response
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Linkers

Important determinant of safety, specificity, potency and
activity of ADCs

Designed to be stable in the blood stream

Can deconjugate in vivo resulting in complex DAR species
Chemically cleavable linkers

Enzymatically cleavable linkers
Non-cleavable linkers

Plays a role in immunogenicity (neo-epitope)




Immunogenicity Considerations

@ Biological therapeutics have the potential to elicit anti-drug
antibodies (ADAs) and generate unwanted immunogenicity
» Non-neutralizing antibodies (NNab)
> Neutralizing antibodies (Nab)
@ ADAs can result in a range of effects from benign and

asymptomatic to altered pharmacokinetics and/or
pharmacodynamics and adverse clinical sequelae

@ Immunogenicity risk management is a pivotal part of the
drug development process

Major concerns Cross react with @
from a clinical endogenous protein to

perspective: SAFETY induce adverse affects EFFICACY
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Anti-Drug Antibodies
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Effect bioavailability, alter PK/PD (increased or
decreased rate of clearance); Neutralize biological
effects and compromise further therapy




Assessing Immunogenicity Risk

\

Separately divide & characterize factors that can affect the likelihood and
magnitude of ADA responses from the subsequent consequences of that
response

[How many patients are likely to mount an immune response?] X
[What happens to the patient if they mount an immune response?]

Identify risk factors to classify the therapeutic into higher or lower risk
categories

Challenges arise from the heterogeneous nature of ADCs and their complex in
vivo behavior

Immunogenicity strategies for ADCs should include a risk-based assessment and
assays that are consistent with industry best practices and guidance documents
but with modification and additional characterization to better understand the
ADA specificity
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Immunogenicity Risk Assessment for ADCs Y k )‘

Intrinsic: Product-related > Hydrophobicity of th~ N
. \@
v Degree of homology with endogenous counterpart(s) > Internalizatior o™ _xes containing ADA and
v Presence of non-human amino acid sequence the cyto* O get tissues could result in
v Post translation modification (glycosylation differences) tox! O‘\(Q((\
v Alterations to the molecular structure (aggregation, oxidation, deamidation) > (65" .v a therapeutic containing the same linker
v Modifications that introduce unique epitopes (e%’b ulecule drug
v Preyalence of pre-existing ADA or cross-reactive antibodies that could elicit a \N\\' ugation of a hapten-like linker and small-molecule drug
rapid recall y O\° IS a unique potential immunogenicity risk itself
L, . . .
l\/Ianufact.urlng process (impurities) 6\0(0 > Epitope spread effecting domain immune tolerance
v Formulation ‘((\e . ) o _
v Dose and frequency of therapy 66 > Coyplmgatoxm ylaa linker to an mAb may induce neo-
. 6@( epitopes at the site of attachment
A\
Extrinsic: Patient/Treatment-re’ co“" > Immunosuppressed oncology patient population
v" Host immune competence e(’b > Intravenous route of administration
v Concomitant-meds e%e(\ > ADA not expected to cross-react with endogenous
v Previous exposure to si (/5’6( immunoglobulin molecules
v Genetic predispe’ P‘O > ADAs against the mAb may be more likely to affect efficacy;
v Age of patient anti-cytotoxin ADAs, once internalized, are acidified and
v Route of administra. catabolized within the lysosome and are expected to lose

their neutralizing potential
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Clinical Immunogenicity Data for ADCs Y

® The limited data on immunogenicity of ADCs come from the two ADCs on the US market, Adcetris®

(brentuximab vedotin) and Kadcyla ® (ado-trastuzumab emtansine) and the one discontinued ADC,
Mylotarg ® (gemtuzumab ozogamicin)

@ ADA incidence:
> 5.3% for adotrastuzumab emtansine with ADAs primarily against linker-drug and/or neoepitopes in the mAb.
No data have been reported on the neutralizing activity of the ADAs.
» 37% for brentuximab vedotin all ADAs directed against the chimeric mAb component of the ADC
Neutralizing antibodies were detected in 62% of the ADA-positive patients.

For gemtuzumab ozogamicin, ADAs were not detected in any patients enrolled in Phase Il clinical

studies. Two patients in a Phase | study developed antibodies against the calicheamicin/linker
domain.
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Anti-ADC Antibody Assay: Key Considerations Y

» Two positive controls with specificity to either the unconjugated antibody or the cytotoxin portions

> Initially, reagent availability limitations may allow only the measurement of ADA for the whole molecule

Immunogenicity could include ADA to the antibody, linker, drug or epitopes
involving multiple ADC components

» Once appropriate reagents become available, domain Linker Drug Neo-epitope
specificity assays can be implemented

> Later in development, the focus can be on clinically \\r/ \W(/

relevant measurements

» Consider linker (pH-labile linker) if an acid-dissociation

pretreatment implemented \\ /
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Tiered Immunogenicity Testing Strategy for
Anti-Drug Antibodies Against ADCs

Anti-ADC Screening Assay

Total ADA AssayS (Detection with whole ADC)

» Screen
' '
Negative for Anti-ADC Positive for Anti-ADC

. . Anti-ADC Confirmatory Assay
Characterization (Competition with whole ADC)

» Domain specificity

! |
» Isotype Negative for Anti-ADC Positive for Anti-ADC
» Subclass |

NeUtraIIZIng Assays Domain Specificity Characterization (Detection S S
» Quasi-quantitative or or Competition with mAb, linker, cytotoxin) eutralizing Antibody Assay
qualitative

' ' ' '
Domain specificity not determined Positive for Anti-ADC Non-neutralizing Neutralizing

» Confirm (Ig deplete and/or
excess drug)

> Quasi-quantitative
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NAb Assay Principle Y

Direct NAb Assay

[Drug] Constant

Response
[Drug] — [Positive Control Ab] ——
Indirect NAb Asssay
[Ligand] Constant [Drug & Ligand]
Constant
Response
[Ligand] [Drug] — [Positive Control Ab] ——
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Anti-ADC Neutralizing Antibody Assay: ‘ )
Effects of NAb on Cellular Response

Competitive Ligand Binding ELISA Neutralizing Antibody Bioassay

= ST
HRP > . .‘/\
= SY

Y

Receptor/Target
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Evaluation of NAbs Against ADCs

@ The domains of the ADC may be involved in sequential steps of the drug functional pathway
leading to its final activity (binding to target followed by internalization and drug delivery to
cytosolic microtubules).

@ Selection of a late step of the drug signal cascade (cell death) as the NAb assay read out would
allow detection of the apparent potency of all the domains involved.

@ The inhibitory effect of NAbs would then indicate binding to one or more of the domains.

@ A ssingle assay therefore could be sufficient for assessing all domain specific anti-drug NADb activity.

> Generally, the use of a single NAb assay is preferred unless a more detailed evaluation of domain
specific NAb is justified.

@ Information from ADA analysis including domain specificity may be utilized when determining
the need for domain specific NAb activity analysis.
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ADC: Critical Reagent Considerations Y

Availability of critical reagents is of key importance for establishing
a robust and reliable performance of the bioanalytical assay

Creating anti-idiotype antibodies against the carrier antibody or the Characterization of reagents
cytotoxic drug should include:
> An early assessment of binding

properties (cross-reactivity to
matrix components)

Conjugation with keyhole limpet hemocyanin (KLH) or an adjuvant
may be required for antibody creation

Labeling of ADCs for capture and/or detection poses challenges » Binding kinetics and any altered
binding issues (labeling or

Obtain well-characterized reagents or characterize them in-house to storage)

ensure lot-to lot consistency and long-term supply » Biophysical characterization of

O ©¢ 606 66 o0 o

Secure sufficient quantities of the lot so that the reagent inventory reagents should include

can cover the entire study identity, concentration, storage
conditions and stability

Establish and implement an appropriate way of assessing and information

bridging different reagent lots
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Research

Phase Development

Feasibility/

Lifecycle of a Cell-Based NAb Assay

Qualification/
Validation

Is the drug a high-risk

5 ) .
molecule? Drug dose in matrix

Choose assay format(s)

Understand drug MOA
biology, structure

concentrations
Obtain Nab PC

Chose Nab PC
concentration

Plate effect

Identify measurable
assay output
representing MOA
(late/early)

Test species serum that Cell passage testing

represents the matrix of
the biological samples

AN

optimize conditions

Reagent identification/
resupply

Lo
s

Cell banks/mycoplasma

Chose drug and ligand

DOE factorial used to

ANEENERNERN

<

MRD using individual
sera

Cut point assessment
Matrix interference
Sensitivity assessment

Intra-/Inter assay
precision of controls

Drug Tolerance

Soluble target
interference

Robustness

Report writing

Transfer meeting with
CRO

Critical reagents
transferred

Transfer experiments
Validation at CRO

Sponsor support to
CRO

Data review
Sample analysis

Reports




Design of Experiments (DOE)
for NAb Bioassay Optimization

Parameter Evaluation and Selection A series of tests in which purposeful changes are made to input factors
v' Drug dose to identify causes for significant changes in the output responses

v Effect of matrix

v Cell passage number Controllable Factors (X)

v Cell culture incubation time and confluence cell number, [seruml,
incubation time

v Optimal cell number/well
v Pre-plated vs. freshly plated cells l l 1 l
v FBS selection/H]
. . Response Measures (Y
v Buffer Selection Bioanalytical P (v)
) ) Method S/N Ratio, %recovery, ECso,
v Incubation time and temperature background signal, %CV

v Trypsinization

v Washing steps Factorial design allows experimentation on many factors simultaneously:
v Sample preparation/pre-treatment » Statistical software for analysis
v" Use of factorials for robustness test > Interactions of factors are identified
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Validation Considerations for Bioassays

o Cut Point Determination @ Precision

v Established using samples from treatment-naive subjects

v 30 samples tested on 3 different days by two analysts,
using suitable statistical methods

v 1% false-positive rate is acceptable

v Intra/Inter-assay precision of positive and negative controls
v Inter-analyst precision of positive and negative controls

@ Assay Sensitivity @ PC Dilutional Linearity/Prozone

v Purified positive control

o Robustness
9 Assay Specificity v Use of factorials for robustness test (push the system)
v Drug should be blocked by a specific NAb response, versus
alternative stimuli, which should not be blocked by a specific cp et
NAb response 9 Reproducibility

v Add test matrix directly to the bioassay in the absence of drug

@ Drug Tolerance @ stability Assessments _
N v Mock samples (PC spiked into matrix)
v Depend on the surrogate positive control v Cell line

e Matrix Interference/Selectivity

v Several individual matrix samples, (spiked/unspiked)
v Robust signal to noise in the presence of test matrix




The Conclusions

There are distinct challenges to the bioanalytical development of ADC assays requiring small
molecule and antibody bioanalytical methods implemented in parallel

> The assay formats and assay reagents for ADC bioanalysis may evolve as ADC drug candidates
progress from early to late stages of drug development
Immunogenicity assays should be capable of detecting antibodies directed against all domains
> Domain characterization may be helpful in understanding the immune response elicited by ADCs

and inform the design of future biotherapeutics

Cell-based assays are well-suited for detecting NAbs because they mimic the mechanism by
which the NAbs and the drug interact in vivo

Each NAb assay is unique and complex, and a careful and thorough assessment and validation
of multiple factors including reagents, assay controls, matrix interference and conditions will help
to ensure a sensitive, specific and robust assay

The critical reagents are crucial factors; sufficient lead time and effort must be factored into
meeting project milestones

Collection of clinical data will increase our understanding of ADCs and help to identify the
main species influencing PK and immunogenic behavior
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Anti-ADC Assay:
Screening and Specificity Assays

SCREENING ASSAY
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SPECIFICITY ASSAY
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Anti-ADC Assay: 1 )
Domain Characterization Strategies

COMPETITION DETECTION
(Unlabeled mAb or BSA linker-drug) (With labeled mADb or BSA linker-drug)
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Development Considerations for
Neutralizing Antibody Bioassay

o Drug Responsive Cell Line

v

RN N N N NN

Potency assay cell line is a starting point

Should yield a specific response to the drug

May be natural or an engineered established cell line
Cell culturing conditions are an important parameter
Robust signal to noise in the presence of test matrix

Can the cells be frozen in plates

Randomization (template)

Monitor passage # and performance

Different lots of FBS and assay performance

Serum deprivation/defined medium

© Assay Endpoint

v Measurable and relevant assay endpoint

> Response should assess some aspect of drug’s MOA
> Utilize early or late signaling event triggered by the drug
> Specific response to drug

Drug Concentration

v

Should be a concentration that yields around 60-
70% max response

Reagents

v

v
v
v

Therapeutic

Endogenous protein (if applicable)

Positive control that neutralizes drug activity
Reagent resupply and characterization

Positive Control Antibodies

v
v
v

Generally purified from hyper-immunized animal antisera
Should neutralize the biological activity of the therapeutic
Specificity to either the unconjugated antibody or the
cytotoxin portions

MRD assessment and matrix interference

Assay should be reproducible, specific, robust, and
results easily interpretable

Technology readily available at CRO




Assay Methodology: Solid Phase Extraction and Acid Dissociation ‘

Serum sample
1 or Positive

o ‘ control 3.
< -

w [ Biotinylated drug

ri 1Y, -

Add acid to dissociate antibodies Immune complex

Incubate serum sample with biotinylated drug

| |

ADA

Streptavidin

Transfer to neutralization
plate

Transfer sample to blocked SA
plate
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Assay Methodology: Dialysis Y
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Neutralized Sample

Dialyze against Assay buffer

Restores conditions to allow for sample to be used in cell-based bioassays
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