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The vast majority consisted in monoclonal antibodies
127 in clinical development

9 already got FDA regulatory
marketing approval
(out of total 33 approved) 



evaluation of anticancer biologics through the lessons learned f

Immunogenicity
Impact on non clinical development
Biosimilars

How much are animal findings relevant to humans ?
Demonstration of the pharmacological relevance:             rituximab
Immune stimulation: defining the NOAEL:                         tremelimumab
Missing target expression and combination toxicity:          trastuzumab
Hypersensitive animals:                                         antisense oligonucleotides
False negative non clinical studies:                            TGN1412
The complexity of surrogate molecules and transgenic models



ImmunogenicityImmunogenicity



with humanized therapeutic proteins

Immune tolerance breakdown       �3�3�3�3

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

Immunogenic response to a « foreign » protein

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

PK interactions
(interfering, sustaining, 

or clearing ADAs)
PD interactions

Immune mediated
adverse effects

Cross reactivity
with endogenous

protein ‘eP’ epitopes



active biologics and relevant clinical consequences should be 
understood and adequately reported

Immunogenicity in animals is not predictive of humans
Results of the studies should be reported separately for ADA-free and ADA-positive 

Dosing through by increasing dose levels during the study or reducing the interval
between doses allow to overcome the clearing effects of the antibody
Some clinical consequences (i.e. related to the neutralization of the endogenous 
homologous protein) may be predictive of human clinical findings
Due to the particular nature of the immunogenic response of the mouse,
concommitant medication with immunosuppressive agents may be required
when conducting a study with a human candidate in a transgenic mouse strain   



this remains an issue for new biologics and biosimilar development

Between 1998 and 2002 a surge in anti-EPO antibody+ pure red cell aplasia was observed in patients 
suffering chronic kidney disease (but not in cancer patients) under treatment with  Eprex

of epoietin alpha.
potentially leading to immune tolerance breakdown have been identified, but their relative role 

and importance are less well understood:
Molecular mimicry through glycolysation
Aggregates
Impurities originating from the bacterial or cell producing the biologic

stimulatory molecules present in the formulation or released by the uncoated rubber stopper of the syringes used for 
administering the product
Route of administration

High risk biologics (Koren E. et al, J of Immun. Methods 333: 1-9 (2008))
Endogenous version of the product exists in humans
The endogenous version is unique
Replacement therapy
Repetitive treatment
Non intravenous route of administration
Immunocompetent patients
Patients suffering auto-immune or inflammatory disease



biologics and biosimilars
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However, immunogenicity of biologics is less likely to occur in cancer patients than in 
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How much are animal findings 
relevant to humans

�Z Demonstration of the pharmacological relevance:           rituximab

�Z Immune stimulation: defining the NOAEL:                         tremelimumab

�Z Missing target expression and combination toxicity:        trastuzumab

�Z Hypersensitive animals:                                         antisense oligonucleotides

�Z False negative non clinical studies:                            TGN1412

�Z The complexity of surrogate molecules and transgeni c models



Toxicology studies performed with the human therapeutic drug (clinical candidate)    
in relevant animal species provide the greatest probability to reveal potentia l toxicity 

The relevant animal species is defined by the presence of an identical pharmacological 
response as in humans:

Presence of the target
Affinity of the therapeutic protein to the target
Similarities of downstream pharmacological effect(s)
and potency of the therapeutic protein



antigens or growth factors 

�Z Tumoral overexpressed cell surface antigens
�Z Circulating growth factors 

mAb target

Monoclonal Antibody

Cancer cellGrowth factor receptor

Ab-drug conjugate

VEGF

Trastuzumab ( Herceptin
targeting ErbB2

Bevacizumab (Avastin) 
targeting VEGF

Rituximab
Targeting CD20



with its CD20 target
•Glycosylated chimeric mAb

�Z With murine Fab and human IgG1 Fc

•With highly specific tissue targeting, restricted to CD20 
expressing B-cells 

�Z Rituximab immunoreactivity is highly tissue restrictive to 
human B cells

�Z Sparing other lymphocyte sub-populations 

•Reversibly and specifically depletes B-cells in peripheral 
blood and lymphoid organs of cynomolgus

�Z Other lymphoid cell populations were spared

Similar reversible CD20+ B cell depletion was 
observed in human patients…

However animal studies did not predict the chemical
mediator release syndrome observed in 50% of human 
patients after first administration
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Cynomolgus monkeys treated with a CD20 targeting mAb
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immune response of tumor rejection/tolerance
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activation through inhibition of CTLA-4 receptor:
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No activity in mice: pharmacological studies conducted in tumor-bearing mice with a surrogate mouse mAb

The only relevant animal species is the monkey:
1 month, weekly treatment at 5, 15 and 50 mg/kg/week
Lymphoid hyperplasia at 5 mg/kg/week

organ lymphoid infiltrates at doses > 15 mg/kg/week 

Can we consider that lymphoid hyperplasia is non adverse ?
Expected pharmacological effect but how much hyperplasia is too much ?
The FDA immunotoxicologists consider that any immune effect is adverse

FIM clinical trial:

0.01         0.1           1             3             6  10                    15

Subsequent long term toxicity studies demonstrated the lack of NOAEL
in cynomolgus monkeys at doses > 5 mg/kg/week

Skin rash
Diarrhea

Long term remission MTD
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targeting HER2 receptor

•Based on target expression and binding, 
the monkey was the only relevant animal 
species for the investigation of potential 
adverse effects

•No cardiotoxicity was observed in 
monkeys after dosing with trastuzumab
alone

Antitumoral activity was investigated in 
nude mice grafted with human tumors 

expressing HER2

This model was also used to investigate 
combination therapies

There were however no cross-reactivity 
with mice normal tissue antigens



to confirm the relevance of the monkey

From EMEA INN, 2005

reactivity studies with frozen human and
cynomolgus monkey tissues, trastuzumab showed
similar patterns of immunoreactivity

Membrane staining of a subset of epithelial cells:
Squamous epithelium of the skin, exocervix, skin, oesophagus
Urothelium of the bladder
Tonsil epithelium
Breast acinar and ductal cells
Endocervical glands
Esophageal glands
Epithelial cells of the renal tubules
Epithelial cells lining the gastro-intestinal tract including pancreas and salivary glands

Tissue cross reactivity studies with trastuzumab in  monkey and h uman tissue
did not reveal localisation to heart tissue



trastuzumab was given in combination with anthracycline

TrastuzumabTrastuzumab

AnthracyclineAnthracycline

Ventricular
dysfunction

Symptomatic
heart failure

7% 7%28%

5% 3%19%

The cardiotoxicity of trastuzumab
was only identified in human patients

The cardiotoxicity of trastuzumab
was only identified in human patients



survival and tissue repair

ErbB4ErbB2
NRG1

Src

FAK

p85

PI3k
p110 Akt

BadBcl-xs

Bcl-xL Bax

cyt c

P
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Bcl-xL Bax

P

P

cyt c

NRG1

Contractility

Caspase activation

Sarcomere disarray

Energy collapse

ApoptosisAnthracycline

•ErbB2 stimulates kinase
which contribute to cardiac cell 
survival and tissue repair

•Anthracyclines are cardiotoxic
through energy collapse, 
disarray and apoptotic cell death 
induction

•The inhibition of erbB2 enhances 
anthracycline cardiotoxicity
decreasing tissue repair potential, 
decreasing contractility and 
promoting apoptosis through 
caspase activation



embryolethality due to cardiac developmental defects

Targeted deletion of the NRG1, erbB2, or erbB4 gene in mice results in early embryonic 
lethality due to cardiac developmental defects 

et al., 1995; Lee et al., 1995; Meyer and Birchmeier, 1995

ErbB2 
conditional KO mutant

ErbB2 conditional KO mice develop 
dilated cardiomyopathies

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

Normal ErbB2 
conditional KO mutant
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are mainly hybridization independent class effects

�Z Pharmacodynamic effects are hybridization 
dependent :
• Need of a specific surrogate due to sequence differences 

accross species. Screened against during research
• Low probability of hybridization to off-target mRNA sequences

�Z Toxicity in animals is due to hybridization 
independent interactions with endogenous 
proteins:
• Sequence independent binding to proteins and complement 

activation in cynomolgus monkeys 
• Sequence dependent binding to TLR9 receptors and 

inflammatory tissue infiltrates in mice

Protein
binding

Inhibition of complement 
regulatory proteins

TLR9 activation



Complement activation:
Severe hypotension and cardiovascular 
collapse after rapid IV injection in 
monkeys
Correlated to the drug serum 
concentration with a threshold 
Monkey more sensitive than human but 
long term consequences remain to be 
evaluated

�Z TLR9 stimulation :
• TLR9 cell distribution differs between 

mice (B cells, all dendritic cells and 
macrophages) and humans (restricted to 
B cells and a subset of dendritic cells)

• Resulting in a different cytokinic response 
in mice (IFN�à, IL-12, TNF�Þ) than 
humans (IL-6, MIP-1, MCP-1)

• The rodent specific toxicity results from 
macrophage and dendritic cell activation
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TGN1412 is a mAb targeting CD28 with a superagonist activity:
it can activate Tcells without concomitant TCR engagement and induces Treg

Why did non-clinical result assessment fail to avoi d
extreme cytokinic storm in human volunteers ?

Lymphoid    organs
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+

-



animal species for toxicology

epitope targeted by TGN1412 was present in cynomolgus monkeys
TGN1412 induced CD4+ and CD8+T cell expansion
around 14 days after administration to cynomolgus monkeys
In TCR studies, the anatomical location of lymphocyte staining was consistent
with the expected distribution of targeted T cells within lymphoid organs
TGN1412 was well tolerated in cynomolgus monkeys
at doses up to 50 mg/kg.week for 4 consecutive weeks
Moderate elevations of IL-2, IL-5 and IL-6 serum levels were observed upon TGN1412 
treatment in individual animals but no clinical signs of a firts-dose cytokine release syndrome 
were observed

Based on the results of the studies conducted in 
cynomolgus, TGN1412 was considered as safe 

Based on the results of the studies conducted in 
cynomolgus, TGN1412 was considered as safe 



release by human lymphocytes after TGN1412 stimulation 
• TGN1412 should be immobilized for presentation to lymphocytes

to induce proliferation and cytokine release
• Monkey lymphocytes do not respond to TGN1412 stimulation

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

Well designed in vitro studies may help to  
investigate interspecific differences in 

potency

Well designed in vitro studies may help to  
investigate interspecific differences in 

potency



when stimulated by immobilized TGN1412.

Stimulation by Mabthera and Campath triggers TNF- aaaa and IL- 8 release by CD4
while TGN1412 triggers additional cytokine by CD4+ T lymphocytes

Stimulation by Mabthera and Campath triggers TNF- aaaa and IL- 8 release by CD4
while TGN1412 triggers additional cytokine by CD4+ T lymphocytes

Eastwood D. et al, British J Pharmacol

incubated with immobilized antibodies: cytokines released in the culture suoernatant

incubated with immobilized antibodies: intracytoplasmic cytokines



memory T cells (TEM)

TEM lymphocytes are mainly located in the lungs and 
gastrointestinal mucosa, which contain up to 90% of  the 

TEM lymphocytes are mainly located in the lungs and 
gastrointestinal mucosa, which contain up to 90% of  the 

body ’s lymphocytes

TEM
CD4Human CD4+ T cells

CD45RO CCR7
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memory
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+

+

+



Eastwood D. et al, British J Pharmacol

TGN1412 administration is due to differences in memory T cells

Monkey T EM lymphocytes lack the CD28 receptor 
targeted by TGN1412

Monkey T EM lymphocytes lack the CD28 receptor 
targeted by TGN1412
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When no relevant animal species exists…
Use of homologous biologics:

A different product in a different species

Use of transgenic animals (mice or rats) expressing the human receptor:
Homologous for the target but how similar is the physiology

Animal models of the human disease



Clinical candidate :
- Nature
- Affinity
- Specificity

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

Effects in humans :
- Nature
- Potency
- Regulation

CDR mediated effetcs :
Receptors
cells involved
complement

Animal homologous Ab :
- Nature
- Affinity
- Specificity

Animal target :
- Epitope
- Tissue distribution
- Expression (density)

Effects in animals :
- Nature
- Potency
- Regulation

• Production, purification
• Assay development and analysis
• Aggregation
• Bacterial endotoxin
• Bioburden
• Purity



the lack of carcinogenic potential of GH 
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depend on CH domains of the mAb

The interaction with Fc�àreceptors occurs at the C
of the mAb

�Z In Humans: IgG1, IgG3 >> IgG2, IgG4
�Z In mice IgG2a and IgG2b represent the most active 

functional isotypes

•Glycosylation influences Fc�àR and C1q binding
and may modify ADCC and CDC activity. But glycosylation
differs from batch to batch and cannot be controlled
by current manufacturing processes

•mAbs may be engineered to increase
binding to Fc�àreceptors 

•Fab fractions and minibodies do not interact
with Fc receptors or activate the complement
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At present time, our understanding of the equivalence of human and primate 
engagement remains incomplete.
SCID mice engrafted with human effector macrophages and NK cells have been used to 
evaluate ADCC activity.
As an alternative, a transgenic mouse strain expresses Fc�à-RIIIa human receptor in the
absence of murine Fc�à
åRI and Fc�à
åRIII, but these mice lack human effector

Activity Affinity for IgG Putative functional murine / NHP 
analogue

M�Ó NK DC

+ High Fc�àR I H/M H/M

+ Low/mod Fc�àR IV H/M H/M

- Low/mod Fc�àR IIb H/M H/M

+ Low/mod H H

+ Low/mod Fc�àR III
Fc�àR III

H/M/
NHP

H/M/
NHP

H/M

+ Low/mod



behavior of drugs whose target may mediate disposition

Target mediated drug disposition cannot
be investigated in normal animals

D
ru

g 
se

ru
m

co
nc

en
tr

at
io

n 
µ

g/
m

L



Pharmacologically driven adverse effects may be correct ly predic ted in relevant animal species, but other human 
toxicities (not driven by the biologic -target interaction) may be missed, even in the rele vant species

Pharmacologically driven adverse effects may be correct ly predic ted in relevant animal species, but other human 
toxicities (not driven by the biologic -target interaction) may be missed, even in the rele vant species

A NOAEL should be based on the absence of adverse fu nctional eff ects and not rely only on morphologyA NOAEL should be based on the absence of adverse fu nctional eff ects and not rely only on morphology

The sensitivity of any assay should be investigated  (i.e. for TC R assays, the minimum level of target expression 
which can be detected)

The sensitivity of any assay should be investigated  (i.e. for TC R assays, the minimum level of target expression 
which can be detected)

Any available scientific information on the target an d its roles should be considered including those gained from 
phenotyping target knock-out mice

Any available scientific information on the target an d its roles should be considered including those gained from 
phenotyping target knock-out mice

Mechanistic studies may be helpful to investigate t he relevance of animal findings to humans Mechanistic studies may be helpful to investigate t he relevance of animal findings to humans 

Well designed in vitro tests may provide the basis fo r comparing the relative potencies of a therapeutic protein on 
animal and human cell functions 

Well designed in vitro tests may provide the basis fo r comparing the relative potencies of a therapeutic protein on 
animal and human cell functions 

Surrogate molecules, transgenic mice and diseased mode ls add com plexity but may be useful when no relevant 
animal species can be identified 

Surrogate molecules, transgenic mice and diseased mode ls add com plexity but may be useful when no relevant 
animal species can be identified 



ConclusionsConclusions

For high risk products, the MABEL approach is a pra ctical way to
mitigate the risk associated with uncertainties in interspecies 
extrapolation
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There are more and more diverse biologics in development which each needs 
a specific approach:

Vaccines of peptidic, viral, cellular origins
Oligonucleotides: aptamers, antisenses, silencing mRNAs
Gene therapy
Cell therapy 

But the general principles that we have drawn from our limited experience 



its an integrative science

Guidelines



The CIT Immunology and Biologics Team


