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Definition

G EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

Definition of biological medicinal product

According to Part I of Annex I of Directive 2001/83/EC, it is a product that contains a biological

substance.|A biological substance is a substance that is produced by or extracted from a bic:-logicall

|source and that needs for its characterisation and the determination of its quality a combination of

physico-chemical-biological testing together with the production process and its control.

For example, recombinant proteins, monoclonal antibodies, medicinal products derived from human

blood and human plasma, immunological medicinal products and advanced therapy medicinal products

should be considered biological medicinal products.

3 Components

- From a living system.
- Challenging manufacturing process.
- Complex molecule.

Aoty
i A
,,,-.:3.'

\if" ’

“fl .-.5;

http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2014/10/WC500176775.pdf



Definition: Biosimilar
(EMA, FDA, HC, WHO)

SCIENCE MEDICINES HEALTH

What is a biosimilar medicine? 0 EUROPEAN MEDICINES AGENCY

A biosimilar medicine is a biological medicine that is developed to be similar to an existing biological
medicine (the 'reference medicine’). Biosimilars are not the same as generics, which have simpler

chemical structures and are considered to be identical to their reference medicines.

The active substance of a biosimilar and its reference medicine is essentially the same biological
substance, though there may be minor differences due to their complex nature and production

methods. Like the reference medicine, the biosimilar has a degree of natural variability. When
approved, its variability and any differences between it and its reference medicine will have been

shown not to affect safety or effectiveness.

Regulatory Agency Name
FDA Biosimilar Biological
Product (BBP)
EMA Similar Biological
Medicinal Product
Highly Similar to Ref. product WHO Similar Biotherapeutic
But not Identical. Product (SBP)
HC Subsequent Entry Biologic
. . (SEB)
No clinically meaningful i i
Japan Follow-On-Biologic

differences.




Proteins to work ,,, They have to form the correct conformation ,,,
and
maintain their conformation throughout manufacturing and storage

Three main structural levels

Primary Secondary Tertiary
Structure Structure Structure
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Also, in many cases, Proteins get further modifications ,,,

1- Chemical Modifications (e.g. Pegylation)
Stability
Solubility
Functionality
2 - Post-Translational Modifications (e.g. Glycosylation, C-terminal Lys) PK/PD
2 Immunogenicity
YT
- O Galactose @ Mannose
B GlcNAc  « Fucose
@ SialicAcid




Glycosylation plays an important role in functionality

Tue JourMaL oF Bouooicar, CHEMISTRY WVaol. 277, No. 30, Issue of July 26, pp. 2673326740, 2002
& 2002 by The American Society for Biochemistry and Molecular Riology, Inc. Printed in .54

Lack of Fucose on Human Ig(Gl N-Linked Oligosaccharide
Improves Binding to Human FeyRIII and Antibody-dependent
Cellular Toxicity™

Received for publication, March 1, 2002, and in revised form, April 19, 2002
Publizhed, JEC Papers in Press, May 1, 2002, DOI 10.1074/jbe. M202069200

Robert L. Shields#, Jadine Laif, Rodney Kecks, Lori Y. 0'Connelli, Kyu Hongf, Y. Gloria Meng?,
Stefanie H. A. Weikert|, and Leonard G. Prestaz®®

From the Department of Immunology, §Department of Analytical Chemistry, 1Department of BioAnalytical Technology,
and |Depariment of Cell Culture and Fermentation, Genentech, Inc., 1 South San Francisco, California 94080
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Fact: Protein are Heterogeneous in Nature !

Examples of some sources of product heterogeneity:

N- and C-terminal modifications Hydrophobicity Charge

N-linked Glycosylation O-linked Glycosylation PEGylation

Relative Absorbance
©
o
(=)
o

1.0

T T
Protein
Protein + PEG

The overall heterogeneous mixture defines the product

norm. signal /a.u.

The process is the product

20 25 30 35 40 45 50
m/z /kDa

http://www.nature.com/articles/srep280988 https://www.ncbi.nlm.nih.gov/pubmed/23616211
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Development of Protein-based drugs

(A) (B)
S & The Collective studies applied
development for the evaluation of
m biophysical and biochemical
Process
d l - -
cvelopment attributes for quality

Drug product demonstration.

development

Purification

Biological Characterization

Physiochemical Characterization

Extensively applied

for
Attributes : Phase-to-Phase
*  Primary Structure «  Deamidation *  Fragmentation And
« Secondary Structure * Oxidation *  Glycation Batch-to-batch
«  Tertiary Structure *  N-and O-glycosylation « N-and C-terminals variability
»  Free Sulfhydryl gps * Charged isoforms
» Disulfide bridges « Aggregation




Development of Protein-based drugs

mm
Cell line
development Extensively applied
process
devel nt
— Phase-to-Phase

Drug product
And
Innovator’s

development
Batch-to-batch
And

Innovator-to-biosimilar

Biological Characterization

Biosimilar
Product variability

Physiochemical Characterization

Quality Considerations in
Demonstrating Biosimilarity
of a Therapeutic Protein
Product to a Reference

Pt Assessment of Physicochemical Properties:
“The objective of this assessment is to maximize the
potential for detecting differences in quality attributes
between the proposed product and the reference product.”

Guidance for Industry

April 2015
Biosimilarity




Fact: The use of Orthogonal techniques is essential

Due to their complexity, biopharmaceuticals require a vast array of testing using orthogonal techniques

That is especially true for Biosimilars development: D?lﬂ?,ﬁi’{rgﬁﬁz(;ﬁﬁm;riﬁv
“Methods that use different physicochemical or biological principles to o L ’
o o o roduct to a Reference
assess the same attribute are especially valuable because they provide Product

independent data to support the quality of that attribute (e.g., orthogonal
methods to assess aggregation). In addition, the use of complementary
analytical techniques in series, such as peptide mapping or capillary
electrophoresis combined with mass spectrometry of the separated
molecules, should provide a meaningful and sensitive method for
comparing products. ”

Guidance for Industry

|||||||||||




Overview

e Definitions
* Protein structure
 Protein Modifications

» Development of Protein-based drugs
 Role of physiochemical characterization

« Examples
e Conclusions




Compare to a reference standard
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Compare to a reference standard

Primary
Structure

Higher-order

Physiochemical Characterization

structures

Aggregation

Glycosylation
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Compare to a reference standard
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Primary
Structure

Higher-order
structures

Aggregation

Glycosylation

Physiochemical Characterization

1 nm

Monomers | Oligomers | Aggregates

Subvisible Particles
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Dynamic light scattering
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Micro-Flow Imaging (MFI)

Visible Particles

100 pm 1 mm

Optical / fluorescence microscopy
1 |
Light obscuration

Infrared microscopy
| |
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Compare to a reference standard
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Compare to a reference standard

Physiochemical Characterization
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Compare to a reference standard

Physiochemical Characterization
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Compare to a reference standard
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Physiochemical Characterization

N-acetylglucosamine

Fucose

Mannose

Galactose

L NOR I N

N-acetylneuraminic acid

Site analysis

—
[=3
(=]

A < 61F GOF
P
= GIF
= GOP>* %
T pep
2 G1Fs1*
= G
v o1 |622F G2Fs1*
2 -l . G2F2*
E | ;g : ’é I7le | 3
iR LR
/ \/ l \l v
of—d. M b i " l Mt |
800 1000 1200 1400 m/z

10 15 20 25 30 35 40

T T T T T T
4 5 6 7 8 9

Composition analysis

Linkage analysis

Mass
spectrometry

Chromatography

4'5 Time (min)

T
10 Glucose units (GU)

http://www.nature.com/articles/srep28098




Concluding Remarks

- The process of making proteins yields a heterogeneous protein product
“The process is The product”

- Physiochemical characterization studies are corner stone for the development of

biologics and are especially important for determination of biosimilarity




Thank you for Your attention

Questions?



