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

Definition 

3 Components 

 

- From a living system. 

- Challenging manufacturing process. 

- Complex molecule. 



Definition: Biosimilar 

(EMA, FDA, HC, WHO) 

Highly Similar to Ref. product 

But not Identical. 

 

No clinically meaningful 

differences. 

Regulatory Agency Name 

FDA Biosimilar Biological 

Product (BBP) 

EMA Similar Biological 

Medicinal Product 

WHO Similar Biotherapeutic 

Product (SBP) 

HC Subsequent Entry Biologic 

(SEB) 

Japan Follow-On-Biologic 



Proteins to work ,,, They have to form the correct conformation ,,,  

and  

maintain their conformation throughout manufacturing and storage 

Primary 

Structure 

Secondary 

Structure 

Tertiary 

Structure 

Assembly Folding Packing 

Three main structural levels 



Also, in many cases, Proteins get further modifications ,,, 

PEG 
PEG 

1- Chemical Modifications (e.g. Pegylation) 

PEG 

 

 

Stability 

 

 

 

Solubility 

 

 

 

Functionality 

 

 

 

PK/PD 

 

 

 

Immunogenicity 

 

 

 

 

 

 

Fab 

2 - Post-Translational Modifications (e.g. Glycosylation, C-terminal Lys) 



Immunoglobulin (IgG) 

Glycosylation plays an important role in functionality 

50-fold 



Fact: Protein are Heterogeneous in Nature ! 

N- and C-terminal modifications   Hydrophobicity   Charge 

 

N-linked Glycosylation  O-linked Glycosylation  PEGylation 

Examples of some sources of product heterogeneity: 

http://www.nature.com/articles/srep280988   https://www.ncbi.nlm.nih.gov/pubmed/23616211 

The overall heterogeneous mixture defines the product 

 

The process is the product 
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Development of Protein-based drugs 

• Primary Structure 

 

• Secondary Structure 

 

• Tertiary Structure 

 

• Free Sulfhydryl gps 

 

• Disulfide bridges 

• Deamidation 

 

• Oxidation 

 

• N- and O-glycosylation 

 

• Charged isoforms 

 

• Aggregation 

• Fragmentation 

 

• Glycation 

 

• N- and C-terminals 

Attributes : 

The Collective studies applied  

for the evaluation of  

biophysical and biochemical 

attributes for quality 

demonstration.  

Discovery Development Pre-clinical Phase 1 Phase 2 Phase 3 Marketing 

Extensively applied 

for 

Phase-to-Phase 

And 

Batch-to-batch 

variability 



Development of Protein-based drugs 

Biosimilar 

Product 

Innovator’s 

Product 

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.” 

Extensively applied 

for 

Phase-to-Phase 

And 

Batch-to-batch 

And 

Innovator-to-biosimilar 

variability 

Discovery Development Pre-clinical Phase 1 Phase 2 Phase 3 Marketing 



Fact: The use of Orthogonal techniques is essential 

The Tale of the blind men and an elephant 

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

“Methods that use different physicochemical or biological principles to 

assess the same attribute are especially valuable because they provide 

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.” 

That is especially true for Biosimilars development: 
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Physiochemical Characterization 

Primary 
Structure 

Higher-order 
structures 

Aggregation 

Charge 

Glycosylation 

Mass spectrometry (Peptide mapping) 

SEC 

SDS-PAGE 
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Fourier transform 

infrared spectroscopy 

(FTIR) 
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Physiochemical Characterization 

Primary 
Structure 

Higher-order 
structures 

Aggregation 

Charge 

Glycosylation 

http://www.ap-lab.com 

Analytical 

Ultra- 

Centrifugation 

(AUC) 

Size Exclusion 

Chromatography 

(SEC) 
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Physiochemical Characterization 

Primary 
Structure 

Higher-order 
structures 

Aggregation 

Charge 

Glycosylation 

Dynamic Light  

Scattering 

(DLS) 

Micro-Flow 

Imaging 

(MFI) 

http://www.ap-lab.com 
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Physiochemical Characterization 

Primary 
Structure 

Higher-order 
structures 

Aggregation 

Charge 

Glycosylation 

Cation exchange chromatography 

(CEX-HPLC) 

Imaged isoelectric focusing 

(cIEF) 

http://mabprex.com/charge-variation-analysis-by-iex-hplc-ion-exchange-chromatography/ 
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Physiochemical Characterization 

Primary 
Structure 

Higher-order 
structures 

Aggregation 

Charge 

Glycosylation 

 
 

http://www.nature.com/nchembio/journal/v6/n10/full/nchembio.437.html http://www.nature.com/articles/srep28098 

Composition analysis  Linkage analysis  Site analysis 

Mass   

spectrometry 

 

 

 

Chromatography 
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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 

 

 

 

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

     orthogonal techniques 



Thank you for Your attention 

 

 

Questions? 


