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Dr. Edward Jenner vaccinates James Phipps

A.D. 1796
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What are 'Biologicals'?

• Vaccines (Toxins/Toxoids)

• Blood products

• Cytokines and related

• Hormones 

• Monoclonal Antibodies

èCompounds, made by bioorganisms
(nowadays recombinant)
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What are 'Biolosimilars'?

• Vaccines (Toxins/Toxoids)

• Blood products

• Cytokines and related

• Hormones 

• Monoclonal Antibodies

èCompounds, made by bioorganisms
(nowadays recombinant)
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G-CSF = Filgrastim PEG-Filgrastim

Acetylsalicylic Acid

www.chemischereaktionen.de/einf02.html
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Receptor theory

"Ligand"
"Ligand"

1878 Langley – Ehrlich 1909
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Biotechnology – a success story
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From genetic code to protein
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From genetic code to protein
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Mass production of pharmaceutical products
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The purity of biological drugs: gel electrophoresis during
the manufatucring process
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Glycosylation: dependent on the host cell
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Importance of glycosylation 
• Biological activity

• Ligand recognition

• Ligand binding

• Antigenicity

• Folding

• Trafficking/Targeting

• Clearance

• Stability

• Immunogenicity
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Importance of glycosylation 



Differences between biologics 
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Heterogeneity of proteins by 
inhomogeneous glycosilation
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Schellekens, H. NDT Plus 2009

. (A) Isoelectric focusing (i)/ western blot (ii) isoform distribution of 11 non-innovator epoetins compared to Eprex® (E). 
The table shows the location where each sample was obtained. (B) Bioactivity, determined by an in vivo bioassay in mice, 
was higher than specifications in four samples (137–226%) and below specifications in two samples (71–75%) [35].

Heterogeneity of proteins by 
inhomogeneous glycosilation



A direct comparison: 
Erythropoetin alfa
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Mechanisms of protein diversity 
and consequences for the immune system

Dörner, T. & Kay, J. (2015) Nat. Rev. Rheumatol. 
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Schellekens, HH (2002) Nat. Rev Drug Discovery
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Possible Results from “Biologicals”
Potential reduction in 
efficacy

Insulin

Streptokinase

Staphylokinase

ADA

Salmon  calcitonin

Factor VIII

Interferon alpha 2

Interferon beta

IL-2

GnRH

TNFR55/IgG1

HCG

Potential enhancement in 

efficacy HGH

Immunol. disease

Allergy

Anaphylaxia

Serum sickness, etc

Neutralising Antibodies

MDGF: ITP                                             
EPO: PRCA
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What are Biosimilars?
Delineation against ‘non-innovator copies’ & 

“stand-alone applications”

It is damn tough to be a Biosimilar...!



„Proven Acceptable Ranges“

Ramanan & Grampp (2014) BioDrugs.
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„Proven Acceptable Ranges“

USL/LSL = Upper and Lower 
Specification Limit

UCL/LCL = Upper 
and Lower Control 
Limits  on all critical 
attributes and 
parameters that are 
internally trended

Batches out of trend (but 
within specification) are 
investigated for potential 
future drift

Ramanan & Grampp (2014) BioDrugs.
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„Proven Acceptable Ranges“: DRIFT

Ramanan & Grampp (2014) BioDrugs.
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„Proven Acceptable Ranges“: DRIFT

Ramanan & Grampp (2014) BioDrugs.
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„Batch-to-batch-variation“

Ramanan & Grampp (2014) BioDrugs.
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„Post-license“ - Evolution

Ramanan & Grampp (2014) BioDrugs.
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Market exclusivity and patent safety

http://www.egagenerics.com/gen-dataex.htm
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Take-home messages
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• Biological drugs are either developed as ‘originals’ or ‘biosimilars’

• The production in cell lines is key to success, every cell line/drug has to be 

developed as an individual entity

• è Biosimilars can only be follow-on products, never be identical copies (≠ 

generics)

• Immunogenicity is one of the major threats – but this applies to all biolgicals

• „Proven acceptable ranges“ need to be taken into consideration

• Possible changes of biosimilar versus originator need to be monitored
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Which of the following microorganisms can be used for the 
production of biologicals/biosimilars?

A. All are correct
B. None correct
C. 1,2,3 correct
D. 1,3 correct

A. B. C. D.

55%

16%

28%

1%

1. Escherichia coli
2. Saccharomyces cerevisiae
3. Chinese hamster ovary cells
4. Spodoptera frugiperda 9 cells



Which of the following microorganisms can be used for the 
production of biologicals/biosimilars? 
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Glycosylation is important for the biological action of 
biologicals/biosimilars in what respect: to...

A. All are correct
B. None correct
C. 1,3,4 correct
D. 1,3 correct

A. B. C. D.

57%

6%

33%

4%

1. sustain folding
2. increase antigenicity
3. increase stability
4. ensure the folding of the protein



Glycosylation is important for the biological action of 
biologicals/biosimilars in what respect: to...
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The quality attributes of biological/biosimilar medicines 
include:

A. All are correct
B. None correct
C. 1,2,3 correct
D. 1,3 correct

A. B. C. D.

89%

3%6%2%

1. primary structure
2. particles and aggregates
3. imurities
4. stability



The quality attributes of biological/biosimilar medicines include:
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