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• May not be enough to have the correct protein sequence
- nucleic acid sequence can affect translation, thereby folding and activity
- “A Silent Polymorphism in the MDR1 Gene Changes Substrate Specificity”.  

Kimchi-Safaty, Gottesman et al. (2007) Science 315, 525-528.
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Proteins 3D structures are in dynamic vibrations in normal 
conditions; an alteration of physiological parameters (pH, 
temperature, solvent, etc.) may denaturate its active structure. 
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Biotech products
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The Structure of MAbs is highly complex

Not all possible variants are described. For example, there are fucosylation
variants in glycosylation that were not counted. If one assumes these variants 
are independent and considers combinations, each half-antibody has 
2x6x4x4x5x5x2=9600 possible states.  
If one assumes both halves of the antibody are independent, there are (9600)2 �

108 possible states. 
Source: Kozlowski, S. & Swann, P. (2006) Adv. Drug Delivery Revs 58, 707-722
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non-human/antigenic
(Cooper, Xenotransplantation 1998)

� (1-3)-Gal

Enhanced ADCC
(Okazaki et al., J. Mol. Biol. 2004)

absence of core 
Fucose

prevents core fucosylation � enhanced ADCC
(Umaña et al., Nat. Biotech. 1999)

bisecting GlcNAc

Placental transport 
(Kibe et al., J. Clin. Biochem. Nutr. 1996)

Galactose

Suppression of ADCC (anti-inflammatory activity) (Kaneko 
et al., Science 2006)

Sialic acid

Ligand for Mannose Binding Protein � complement 
activation (Malhotra et al., Nat. Med. 1995)

GlcNAc/ Mannose

a1-3

Source: H. Kettenberger, Roche



Immune effector function
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The Mode of Action of mAbs is complex
and may involve Contributions from multiple Mechanisms

Inhibition of Signal Transduction or Receptor Activati on
• Inhibition of Ligand Binding (Example: Cetuximab)
• Induction of Receptor Internalization (Example: IGF-1R-Abs )
• Inhibition of Receptor Dimerization (Example: Pertuzumab)
• Inhibition of Receptor Shedding (Example: Trastuzumab)

Induction of Apoptosis
(Example: Rituximab)

Activation of Effector
Mechanisms

Complement
Activation (CDC )
(Example: Rituximab)

Blocking Ligand Binding
(Example: Bevacizumab) 

Targeting of Toxins
(Example: T-DM1) 

EGFR

VEG
F-R

CD20

CD20

CD20
H

E
R

2

Activation of T-Cells
(Example: Catumaxomab)

CD3
H

E
R

2

H
ER

2
T-Cell

Antibody-dependent cellular
Cytotoxicity (ADCC)
(Example: Rituximab)

NK-Cell

C1q
TumorC

ell

Modified from: Hasmann, M. et al. (2009) ChiuZ, submitted

The in-vivo net contribution of different modes of action described for one mAb is
often incompletely understood and may also be different in different indications.
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…it is clear why the 'generic' approach is not applicable to biotechnological products—a fact that is all 
the more relevant for mAbs, which are considerably more complex than currently developed 
biosimilars , such as human growth hormone, insulin or erythropoietin.

…glycosylation patterns are likely to be among the m ost crucial issues for biosimilar mAb 
development, because these modifications can influence binding, immunogenicity and effector activity 
of a mAb molecule.

For mAbs, this [i.e., extrapolation of indications] can be a particular challenge because their 
mechanism of action is usually complex and in many cases only partially understood .
Mechanism of action relates not only to binding of the Fab part of the mAb to its epitope (and all 
associated signaling events that are subsequently triggered or inhibited), but also to the complex 
interaction of the Fc part with the Fc receptor system (effector function). Extrapolating from efficacy 
in one indication (e.g., psoriasis) efficacy in ano ther indication (e.g., rheumatoid arthritis) can 
thus be particularly challenging for a biosimilar m Ab.

Another important consideration is the design of the clinical comparative trial. An equivalence study to 
demonstrate biosimilarity against a reference mAb might be expected to require a large number of 
patients, and might thus be by far more extensive than the pivotal trial for a sta nd-alone 
development.

As comparative trials to establish similarity of efficacy and safety can require a large number of 
patients, it might well turn out for certain mAbs that the bi osimilar approach is simply not 
feasible.
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EMEA workshop on Monoclonal Antibodies – 2 July 2009 
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EMEA workshop on Monoclonal Antibodies – 2 July 2009 
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Neutralising antibodies
can inhibit biological activity

Antibodies can impair 
endogenous protein function

Protein drug

Antibody Antibody

Patient protein
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A. DePaolis et al  Centocor Inc., 2005
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Global consolidated conclusions of all serious
stakeholders on biosimilars

• It is impossible to characterize the critical quality attributes of biotech products 
completely by physico-chemical analysis.

• Comprehensive prediction of the impact of the expected structural differences on 
clinical safety (e.g. immunogenicity) and efficacy is not possible.

• The in vivo Mode of Action of many proteins is often complex involving 
contributions from multiple mechanisms potentially different in different indications.

• Relevant, comprehensive and head to head comparative pre-clinical and clinical 
data will be required for the approval of biosimilar pharmaceuticals.

• Extrapolation of indications will not be possible in many cases and additional 
clinical data for additional indication will be required.

•NRA’s are called to set up appropriate regulatory oversight determining a suitable 
regulatory framework for licensing biosimilars



Biosimilars in LA
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