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Time for acronyms

* ADA = anti-drug antibody
v drug = biotherapeutic = therapeutic protein
v Immunoglobulins

¢ Ig = iImmunoglobulin

v 1gG, IgM, IgE, IgD and IgA
** NAb = neutralizing antibody
*» PK = pharmacokinetics

v “what the body does to the drug”
* PD = pharmacodynamics

v “what the drug does to the body”

*» HLA = human leukocyte antigen
» SPR = surface plasmon resonance

» Gdn = guanidine
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Development of small molecule drugs
and biotherapeutics
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ADA responses and assays

*» Animal models or patients dosed with a

biotherapeutic may develop ADAs
v" Immunoglobulins of various affinities for the drug
v Antibody affinity is a measure of the strength of the
bond between a protein epitope and the antibody
binding site
“ Immunoglobulins (antibodies) are bifunctional

molecules
v Basic unit of 2 light chains and 2 heavy chains w
*» ADA assays
v' Detection of ADAs (polyclonal antibodies) in plasma
or serum samples
v Qualitative/semi-quantitative assays
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ADA responses: variable consequences

*¢* ADAs may affect safety and/or efficacy of the drug

(Clinical safety concerns may vary from life-threatening
situations to less severe infusion reactions)

» Hypersensitivity responses
» Binding ADAs

» Neutralizing ADAs

v' May bind and neutralize the pharmacological activity
of the drug and the endogenous protein counterpart

Rosenberg, A. S. 2003. Immunogenicity of biological therapeutics: a hierarchy
of concerns. Dev. Biol. (Basel). 112: 1521.



Several factors may be involved in
immunogenicity of biotherapeutics

** Human genetics

** Amino acid sequence

‘0

«* Protein aggregation

‘0

«* Impurities

‘0

»* Route, dosage and frequency of
administration

** Other factors
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Immunogenicity assessment and

mitigation
Predictive Indirect Direct
Methods Methods Methods
(Attempt to a (Aggregation, a (Clinical ADA
mimic human sub-visible é responses)
immune particles,
responses) glycosylation, etc.)

Adverse events

Accurate and sensitive ADA assays are required for proper
assessment of antibody responses against
biotherapeutics (including biosimilars and biobetters)

From: Barbosa, M.D.F.S. Audio slide presentation in ScienceDirect. Anal. Biochem. (2013) 441: 174-179



The ADA testing pyramid

\/

** ADA testing: three tier

v False negatives during screening will not be detected at the top of
the pyramid!

NAb assay

Confirmation

Screening
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Selection of ADA assay: “fit for purpose’

\/

*%* Several screening ADA assay formats available

v Radio immuno-precipitation, surface plasmon resonance (SPR),
Immunoassay (electrochemiluminescence, ELISA), etc.

\/

+%* Safety considerations

v' Screening assay should be able to detect all antibody isotypes,
particularly IgM and the different I1gG isotypes

v IgE
s Assessment of associations between patient genetics and 1gG
responses

v Post-marketing; Interfereon-f3 assays capable of detecting 1gG

v Ref.: Barbosa et al. 2006. Clinical link between MHC class 1l haplotype
and IFN-B immunogenicity. Clinical Immunol. 118: 42-50

v' Hoffmann et al. 2008. HLA-DRB1*0401 and HLA-DRB1*0408 are strongly
associated with the development of antibodies against interferon-beta
therapy in multiple sclerosis.. Am. J. Hum. Genet. 83, 219-227
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Different assays may detect distinct ADAs

in the same sample

s* Example: Detection of anti interferon- (IFN- B) 1gG to
investigate ADA associations with patient HLA types

v |gG detection; 2 screening assays used

v' Results varied with assay (direct or indirect capture of IFN- B)

v' 39 samples total ; only results for 32 samples agreed (they were both
positive of both negative for the presence of IgG) -

/ [ Labeled anti IgG
_— ADA (anti IFN-B)

j\?@

Monoclonal antibody |
(anti IFN-B)

IFN- B ——

4 )M

Indirect capture Direct capture

Plate
Ref.: Barbosa et al. 2006. Clinical link between MHC class Il haplotype and
IFN-8 immunogenicity. Clinical Immunol. 118: 42-50
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High drug concentrations in samples may
inhibit ADA assays

Patients or animals are
dosed with high Patients or animals mount
concentrations ADA responses

of the drug

The serum or plasma
samples will have
both the ADAs and drug

Drug present in the samples may form complexes with ADAs
and inhibit ADA detection
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High drug concentrations in samples may
inhibit ADA assays

\/

*%* False negatives

1

\/

** ADA assay drug tolerance needs to be consistent
with drug levels in the test samples

» ldeally assay positive controls should reflect sample ADAs
** Acid dissociation of drug-ADA complexes has been
used to increase drug tolerance of ADA assays

» Acid dissociation may denature ADAs
» Might not dissociate all drug-ADA complexes



Sample collection should be planned to
minimize drug present in ADA samples

* ADA assay drug inhibition is a particular concern for samples from
patients or animals receiving high doses of biotherapeutics with

long half-lives

 Sample collection prior to initiation of treatment and prior to

dosing (and if appropriate after end of treatment)

e (Case-by-case decisions on number and frequency of samples

Drug Concentration

¢— Dosing

Sample collection
(trough drug levels)

Time



Drug inhibition of ADA assays complicate
evaluation of de-immunization strategies

TROUGH DRUG | ASSAY
DRUG CHARACTERISTICS ADA LEVELS
Erbitux Chimeric mAb & @ l49/12001 [41-85 pug/mi *
(cetuximab) (5%)
Herceptin Humanized mAb ~11/903 79 pg/ml *
(trastuzumab) (<1%)
Vectibix Fully human mAb 3/613 39 + 14pug/mil ***Acid
(panitumumab) (<1%) dissociation

ELISA

Vectibix Fully human mAb 28/613 39 + 14 pg/ml **BIJACORE®
(panitumumab) (4.6%)

Drug trough concentrations and ADA incidence extracted from the product labels
*ADA tested with either a double antigen radiometric assay or an ELISA assay

*ADA detection method not indicated in the product label

*** Lofgren, J.A. et al. 2007. J Immunol 178, 7467-7472

From: Barbosa et al. 2012. Drug Discovery Today. 17: 1282-1288.




CASE STUDY
Addressing drug tolerance of
surface plasmon resonance

assays for the detection of
antibodies against a bispecific
therapeutic protein

Reference: Barbosa, M.D.F.S., Gokemeljer, J., Martin, A.D.,
Bush, A. 2013. Analytical Biochemistry 441: 174-179
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Surface Plasmon Resonance (SPR) ADA assays

ADA ADA ADA = Anti-drug antibodies
Le E
5
@ @ of
ADA c
o
— | IADAsignal

Immobilized I

arug— O O O .
Time —*

v'SPR assays detect both low and high affinity of binding ADASs

v'In the presence of high drug concentrations SPR may
preferentially detect ADAs with lower affinity for the drug

v'Alter drug tolerance of SPR ADA assays by decreasing the
affinity of ADAs for the drug
» Temperature / chaotropic agents
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Test system: The drug, SPR assay and ADAs

DRUG: Bispecific tandem Adnectin (V-I-Adnectin; +/-PEG)
SPR ASSAY: V-I-Adnectin or PEG-V-I-Adnectin immobilized

. PEG-V-I-Adnectin |
Polyclonal antibodies (VEGFR2) iantibody (mAb-V)
i : |

:.?

i
| .
i 5 Anti-l monoclonal
: i antibody (mAb-I)
! I-Adnectin;
e (IGF-1R) __:

mbarbosa@cacobio.com 18



Anti-PEG-V-I-Adnectin polyclonal ADAs:
samples from pre-clinical study

V-Adnectin
0l

5{ %(%% 2 O .

¢ Cyno polyclonal anti-PEG-V-I-Adnectin ADAs (pAb-V-l)

PEG 40 |

» Pooled plasma samples
s* Monkey study plasma samples (PEG-V-I-Adnectin study)

» H, M, L and BLQ,



Binding of anti-V-I-Adnectin antibodies

Response (RU)

to immobilized PEG-V-I-Adnectin

60 | ADA concentration= 0.5 pg/ml MAD-V
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Testing treatments to weaken affinity
of the drug-ADA interactions

mADb-V ; PEG-V-I-Adnectin immobilized
— Low pH (4.5, 5.0)
— Increase of temperature (30°C, 37°C)
— Guanidine hydrochloride (Gdn)

PEG40

[-Adnectin




Increased drug tolerance of an ADA SPR
assay with Gdn

0.5 pg/ml mAb-V; PEG-V-I-Adnectin immobilized
100 % Maximum Response = Control (pH 7.4, 25°C) without drug added

Control (pH 7.4, 25°C)
1 M Gdn(pH 7.4, 25°C)
pH 4.5, 25°C

pH 5, 25°C

pH 7.4, 31°C

pH 7.4, 37°C

—
=
e

- H 4 4 &

&
e

Nonspecific binding
observed at pH 4.5 and 5

Percent Maximum Response (%)

:

LN
=
—
%]
L

PEG-V-l-Adnectin (Log ng/mL)
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Binding affinity (Ky) of anti-V-I-Adnectin
antibodies to PEG-V-I-Adnectin

mAb-V  093nM 1.06nM 1.19 nM

» PEG-V-I-Adnectin immobilized
» MADb-V concentrations ranged from 0.23 to 15 pg/ml
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Gdn affects binding and dissociation
kinetics of mAb-V at 25°C

Response (RU)

-10 f t t f t f f i
-200 1] 200 400 BO0 o0 1000 1200 1400

T
60 1
S0+
a0t
30+
20+
101

Kn=0.933nM  guffer

Kp =348 nM
Buffer + 1 M Gdn

Response (RU)

=200

Time (s)

400 g0 800 1000 1200 1400

Time (s)

> PEG-V-I-Adnectin immobilized

» MADb-V concentrations ranged from 0.23 to 15 pg/ml
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——PEG-V-I-Adnectin binding response e

Working dilution determination and
background subtraction for pAb-V-|

Cyno polyclonal anti-PEG-VI-Adnecting antibody (pAb-V-l) = pooled plasma samples;

Same final plasma concentration for all dilutions

V-I-Adnectin binding response
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mbarbosa@cacobio.com 25



Drug tolerance of SPR assay with pAb-V-I

V-I-Adnectin immobilized PEG-V-I-Adnectin immobilized

300 1 -]
. 250 - 5 60 -
@ 200 + X 50
g g 40 |
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- Open triangles = buffer + 1 M Gdn 5 Open triangles = buffer + 1 M Gdn
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PEG-V-I-Adnectin (ug/ml) PEG-V-I-Adnectin (ug/ml)
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Effect of guanidine (Gdn) on
ADA-positive pre-clinical study samples

""""""" Buffer Buffer
2 ™ 1M Gdn ) B 1M Gn
@ 200- | 2 100+
5 7 V-l-Adnectin 5 PEG-V-I-Adnectin
. . S
2 immobilized 2 immobilized
(1 —|— (14
a 1004 o 50
& I T b
0- ' ' Y i. 0- ' ' i_ _ '.ﬁ
BLQ L M H BLQ L M H
Samples PEG-V-I-Adnectin Ab titer Dilution
(ng/ml)
BLQ 0 10,000-100,000 1:60
L: Low drug 11 10,000-100,000 1:60
M: Medium drug 60 10,000-100,000 1:60
H: High drug 719 10,000-100,000 1:60




Pre-clinical study sample (BLQ) ADAs
preferentially bind to I-Adnectin

350 -
300 -
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200 -
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50 1
0

I-Adnectin

Response (RU)

V-Adnectin

—ry i

0 100 200 300 400 500
Time (s)

BLQO: Plasma sample containing cyno polyclonal anti-PEG-V-I-Adnectin
antibodies; BLQ has PEG-V-I-Adnectin concentration below limit of
guantification



Concluding remarks

e A higher SPR assay signal was observed with a non-PEGylated
V-I-Adnectin immobilized than with a PEG-V-I-Adnectin
**Higher V-I-Adnectin density on the chip

e Gdnincreased the drug tolerance of a SPR ADA assay using an
anti-V-Adnectin high affinity antibody

**Binding kinetics showed that Gdn weakened affinity of
drug-antibody interaction

e The drug-antibody complexes responded differently to Gdn

s While it may be effective to weaken drug interaction with
some antibodies, it may have deleterious effects on others

e |n many situations a combination of approaches may be needed
for accurate ADA detection



.0

o0

0

0

0

0

0

References

(Web sites last accessed on August 2013)

Mire-Sluis, A. et al. 2004. Recommendations for the design and optimization of
immunoassays used in the detection of host antibodies against biotechnology
products. J Immunol Methods 289: 1-16

Rosenberg and Worobec. 2004. A risk-based approach to immunogenicity concerns of
therapeutic protein products. Part 1, Part 2 and Part 3. Biopharm International

EMA. 2007. Guideline on immunogenicity assessment of biotechnology-derived
therapeutic proteins (http://www.tga.gov.au/pdf/euguide/bmwp1432706en.pdf)

Gupta, S. et al. 2007. Recommendations for the design, optimization, and qualification
of cell-based assays used for the detection of neutralizing antibody responses elicited
to biological therapeutics. J Immunol Methods 321: 1-18

Lofgren, J. A. et al. 2007. Comparing ELISA and surface plasmon resonance for
assessing clinical immunogenicity of panitumumab. J Immunol 178: 7467-7472

Shankar, G. et al. 2008. Recommendations for the validation of immunoassays used for
detection of host antibodies against biotechnology products. J Pharmaceut Biomed
Analysis 48: 1267-1281

Koren, E. et al. 2008. Recommendations on risk-based strategies for detection and
characterization of antibodies against biotechnology products. J Immunol Methods
333:1-9


http://www.tga.gov.au/pdf/euguide/bmwp1432706en.pdf

References (continued)

FDA. 2009. Guidance for industry — assay development for immunogenicity testing
of therapeutic proteins
(http://www.fda.gov/downloads/Drugs/.../Guidances/UCM192750.pdf)

Ponce, R. et al. 2009. Immunogenicity of biologically-derived therapeutics:
Assessment and interpretation of nonclinical safety studies. Reg Toxicol Pharmacol
54:164-182

EMA. 2010. Guideline of immunogenicity assessment of monoclonal antibodies
intended for in vivo clinical use.

(http://www.ema.europa.eu/docs/en GB/document library/Scientific guideline/2
012/06/WC500128688.pdf)

Gupta, S. et al. 2011. Recommendations for the validation of cell-based assays used
for the detection of neutralizing antibody immune responses elicited against
biological therapeutics. ] Pharmaceut Biomed Analysis 55: 878-888

Barbosa, M.D.F.S. 2011 Immunogenicity of biotherapeutics in the context of
developing biosimilars and biobetters. Drug Discovery Today. 16: 345-353

Barbosa, M.D.F.S. 2012. Addressing drug effects on cut point determination for an
anti-drug antibody assay. J] Immunol Methods 384: 152-156

FDA. 2013. Guidance for industry — Immunogenicity assessment for therapeutic
protein products
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation
/Guidances/UCM338856.pdf)



http://www.fda.gov/downloads/Drugs/.../Guidances/UCM192750.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500128688.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500128688.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM338856.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM338856.pdf

