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e animal findings relevant to humans ?

[ration of the pharmacological relevance: rituximab
stimulation: defining the NOAEL.: tremelimumab
arget expression and combination toxicity: trastuzumab
nsitive animals: antisense oligonucl
gative non clinical studies: TGN1412

plexity of surrogate molecules and transgenic models



Immunogenicity
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Humanized therapeutic protein ‘hu-tP’
homologous to endogenous protein ‘eP’

\

ne tolerance breakdown 3 Immunogenic response to a « foreign » protein

l —

al or humans may develop a Polyclonal anti  -hu-tP antibody response (ADAs ) on an individual basis

e

PK interactions
(interfering, sustaining,
or clearing ADAS)

DD intAracsrtinnce

Immune mediated Cross reactivity

adverse effects with endogenous
protein ‘eP’ epitopes



gICS ana reievant ciinical conseguences snou
and adequately reported

jenicity in animals Is not predictive of humans
Of the studies should be reported separately for ADA-free and ADA-|

nrough by increasing dose levels during the study or reducing the int
doses allow to overcome the clearing effects of the antibody

nical consequences (i.e. related to the neutralization of the endogen
ous protein) may be predictive of human clinical findings

1e particular nature of the immunogenic response of the mouse,

nitant medication with immunosuppressive agents may be required
nducting a study with a human candidate in a transgenic mouse stra
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1998 and 2002 a surge in anti-EPO antibody+ pure red cell aplasia was obse
“hronic kidney disease (but not in cancer patients) under treatment with Epr
of epoletin alpha.

otentially leading to iImmune tolerance breakdown have been identified, but 1

tance are less well understood:

mimicry through glycolysation

S

originating from the bacterial or cell producing the biologic

atory molecules present in the formulation or released by the uncoated rubber stopper of the sy
ring the product

xdministration

piologics (Koren E. et al, J of Immun. Methods 333: 1-9 (2008))

)us version of the product exists in humans
jenous version Is unique

ient therapy

 treatment

/enous route of administration

mpetent patients

uffering auto-immune or inflammatory disease
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nimal models cannot predict immunogenicity of thera peutic prote ins in humans but may
e useful for comparing immunogenicity of two similars

IS essential to understand and adequately report th e conseque nces of immunogenicity
N animal exposure to the therapeutic biologics

evere consequences resulting from non clinical immuno genicity m ay provide insight
to a « worst case » clinical outcome in patients (neutraliza tion of an endogenous
rotein)

1e factors influencing immunogenicity are still not well unders tood.

owever, immunogenicity of biologics is less likely to occur in cancer patients than in




How much are animal findings

relevant to humans

Z Demonstration of the pharmacological relevance:
Immune stimulation: defining the NOAEL.:
Missing target expression and combination toxicity:
Hypersensitive animals:
False negative non clinical studies:

The complexity of surrogate molecules and transgeni

rituximab
tremelimums
trastuzumab
antisense o
TGN1412

c models



udies performed with ~ the human therapeutic drug (clinical
Imal species provide the greatest probability to reveal potenti:

animal species Is defined by the presence of an identical pharm
N humans:

2 of the target
f the therapeutic protein to the target

es of downstream pharmacological effect(s)
ncy of the therapeutic protein
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VEGF

Trastuzumab ( Herce
targeting ErbB2

Rituximab
Targeting CD20

®
Bevacizumab (Avastin)
targeting VEGF

Z Tumoral overexpressed cell surface antigens
Z Circulating growth factors
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Control

Treated*

*Glycosylated chimeric mADb
Z With murine Fab and human IgG1 Fc

*With highly specific tissue targeting, restri
expressing B-cells

Z Rituximab immunoreactivity is highly tiss
human B cells

Z Sparing other lymphocyte sub-populatior

*Reversibly and specifically depletes B-cel
blood and lymphoid organs of cynomolgus

Z Other lymphoid cell populations were sp:

Similar reversible CD20+ B cell depletion \
observed in human patients...

However animal studies did not predict the
mediator release syndrome observed in 5(
patients after first administration
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ce: pharmacological studies conducted in tumor-bearing mice with a surroga

1t animal species Is the monkey:

veekly treatment at 5, 15 and 50 mg/kg/week QQ 00
hyperplasia at 5 mg/kg/week Q%co@

n lymphoid infiltrates at doses > 15 mg/kg/week 00

r that lymphoid hyperplasia is non adverse ?

pharmacological effect but how much hyperplasia is too much ?
mmunotoxicologists consider that any immune effect is adverse

1 1 6 10
Long term remission MTD Skin rash
Diarrhea

J term toxicity studies demonstrated the lack of NOAEL
nonkeys at doses > 5 mg/kg/week
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—RZ receptor

ral activity was investigated In
» grafted with human tumors
2ssing HER?2

el was also used to investigate
on therapies

re however no cross-reactivity
normal tissue antigens

*Based on target expression at
the monkey was the only relev
species for the investigation of
adverse effects

*No cardiotoxicity was observe
monkeys after dosing with tras
alone



ne reievance ol tne monkey

/ity studies with frozen human and
onkey tissues, trastuzumab showed
> of Immunoreactivity

ning of a subset of epithelial cells:
IS epithelium of the skin, exocervix, skin, oesophagus
m of the bladder
ithelium
inar and ductal cells
/ical glands
eal glands
cells of the renal tubules
cells lining the gastro-intestinal tract including pancreas and salivary glands

activity studies with trastuzumab In monkey and h uman tissue
ocalisation to heart tissue

From EMEA INN, 2005



IZUMab was given in compination witn antnrac

o % 28% %

n

e 5% 19% 3%
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Contractility

Energy collapse

Caspase activation

comere disarray

Anthracycline

Apoptosis

ErbB2 stimulates ki
which contribute to ¢
survival and tissue r

Anthracyclines are
through energy colle
disarray and apopto
Induction

*The Inhibition of ert
anthracycline cardio
decreasing tissue re
decreasing contracti
promoting apoptosis
caspase activation



allly due 10 Cardiac aevelopmental aerteclts

tion of the NRG1, erbB2, or erbB4 gene in mice results in early
o cardiac developmental defects
95; Lee et al., 1995; Meyer and Birchmeier, 1995

ErbB2 conditional KO mice
dilated cardiomyopathies

Cemil Ozcelik et al, PNAS 99 (13): 8880

ErbB2

Normal .
orma conditional KO mutant
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Nnyoridization inaepenaent Class elfecls

Inhibition of complement
regulatory proteins

otein
ding

\

TLR9 activation

Z Pharmacodynamic effects are hy!

dependent :

* Need of a specific surrogate due to seqt
accross species. Screened against durin

* Low probability of hybridization to off-tart

Z Toxicity in animals is due to hybri
Independent interactions with enc

proteins:

e Seqguence independent binding to protei
activation in cynomolgus monkeys

o Sequence dependent binding to TLR9 re
Inflammatory tissue infiltrates in mice



nent activation: Z TLR9 stimulation :

ypotension and cardiovascular » TLR9 cell distribution differs between

after rapid IV injection in mice (B cells, all dendritic cells and
macrophages) and humans (restricted tc

d to the drug serum B cells and a subset of dendritic cells)

ation with a threshold  Resulting in a different cytokinic respons

more sensitive than human but iIn mice (IFN a, IL-12, TNF P) than

1 consequences remain to be humans (IL-6, MIP-1, MCP-1)

JI * The rodent specific toxicity results from

macrophage and dendritic cell activation
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1 MAD targeting CD28 with a superagonist activity:
livate Tcells without concomitant TCR engagement and induces Tre

hoid ggorgans

Primed
CD4

Why did non-clinical result assessment fail to avol d
extreme cytokinic storm in human volunteers ?
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itope targeted by TGN1412 was present in cynomolgus monkeys

2 Induced CD4+ and CD8+T cell expansion
4 days after administration to cynomolgus monkeys

tudies, the anatomical location of lymphocyte staining was consister
expected distribution of targeted T cells within lymphoid organs

2 was well tolerated in cynomolgus monkeys

up to 50 mg/kg.wee

> elevations of IL-2,
t in Individual anima
served

K for 4 consecutive weeks
L-5 and IL-6 serum levels were observed upon

s but no clinical signs of a firts-dose cytokine re




numan lympnocytes aiter 1 GN1412 stimuiatiC

e TGN1412 should be immobilized for presentation to lyr
to induce proliferation and cytokine release

 Monkey lymphocytes do not respond to TGN1412 stim

Richard Stebbings et al., The Journal of Immunology, 2007, 179: 3325-3331

B 1 Immcbilised TGN1412 P RV G0 B Human

PKH-26
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R
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lated Dy ImmaooliiZzed 1 GN1L41Z.

’h immobilized antibodies: cytokines released in the culture suoernatant

th immobilized antibodies: intracytoplasmic cytokines

Eastwood D. et al, British J Phar




memory 1| Cells

n CD4+ T cells

CD45RO CCRY
- +

1emory + +

nemory + -
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aministration IS aue to alrrerences in memaory

Human Monkey
CCR7 CD28 CCR7 CD28 O O
+  + + +
®© @ ®@ @
+ + + +

Eastwood D. et al, British J Pharm:
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vant animal species exists...

omologous biologics:
1t product in a different species

ansgenic animals (mice or rats) expressing the human receptor:
ous for the target but how similar is the physiology

10dels of the human disease



CDR mediated effetcs :
eptors

5 Involved

plement

” Clinical candidate :

- Nature
4% - Affinity
/
4 \\ - Specificity

Human target :
- Epitope
. - Tissue distribution
- Expression (density)

Effects in humans
- Nature
- Potency

- Regulation

* Production, purification

» Assay development and analysis

» Aggregation

e Bacterial endotoxin
* Bioburden

* Purity

Animal homologous Ab
- Nature

- Affinity

- Specificity

Animal target :

- Epitope

- Tissue distribution

- Expression (density)

Effects in animals :
- Nature

- Potency

- Regulation



carcinogenic potential or GH
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Monoclonal Antibody

19 c3p MAC
i v ©

Complement system

FcR CaC C

C3bR
Natural Killer cell

cRCCC

[C3bR
cROC

Macrophage

CDC

Membrane Attack
Complex

ADCC: antibody dependent cell-mediated cytotoxicity
ADCP: antibody dependent cell-mediated phagocytosis
CDC: complement dependent cytotoxicity
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The interaction with Fc areceptors occurs at th
of the mADb

Z In Humans: 1gG1, I1gG3 >> IgGZM
Z In mice 1gG2a and IgG2b represent the mos

functional isotypes

*Glycosylation influences Fc & and C1q bindir
and may modify ADCC and CDC activity. But ¢
differs from batch to batch and cannot be contr
by current manufacturing processes

*mAbs may be engineered to increase
binding to Fc areceptors

*Fab fractions and minibodies do not interact
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Activity Affinity for IgG Putative functional murine / NHP MO NK DC I

analogue

o High FCRI H/M H/M

+ Low/mod FcR IV H/M H/M

Low/mod Fc & 1lb H/M H/M

+ Low/mod H H

+ Low/mod Fc R I H/M/ H/M/ H/M
Fc R I NHP NHP

+ Low/mod

nt time, our understanding of the equivalence of human and primate
1ent remains incomplete.

ce engrafted with human effector macrophages and NK cells have b
ADCC activity.

ernative, a transgenic mouse strain expresses Fc aRllla human rec
of murine Fc a &1 and Fc a &lll, but these mice lack human effector
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/

Drug serum concentration pg/mL

Target mediated drug disposition cannot
be investigated in normal animals









ore and more diverse biologics in development which each 1
proach:

s of peptidic, viral, cellular origins

cleotides: aptamers, antisenses, silencing mRNAs

erapy

apy

ral principles that we have drawn from our limited experienc
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