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Biological Medicinal Product

 Break-through in medical therapy in the last decades 

 2009: 17% of all pharmaceutical products were
biopharmaceuticals



Biological Medicinal Product
 The top ten

Biological Medicinal Product – off‐patent and now? 

ff 2005: Biopharmaceuticals coming off-patent
appox. 12 billion USD

 USA 45% USA 45%
EU 30%
Japan 20%Japan 20%

 Assumption Biosimilar-Penetration 10 bis 15%: 
2 billion USD2 billion USD



2005: Biological Medicinal Product – off‐patent and 
now? 

Biosimilars – Chance oder Risiko?Biosimilars  Chance oder Risiko?

AGENDA

Der Weg vom Generikum zum Biogenerikum zum Biosimilar
Wie geht die Behörde damit um?
Beispiele Erythropoetin, Somatotropin und Filgrastimp y p , p g
Offene Fragen



Biosimilars –Biosimilars
Evolutionary Development of a New Term

from Generic

to Biogeneric

to Biosimilar (Follow-on Protein)

Why?

Registration of g
Synthetic New Chemical Entity: Decision Basis

Ph ti l

Efficacy

Pharmaceutical 
Quality Bioavailablity

Safety



......... and its generic fellows......... and its generic fellows

Pharmaceutical 
Quality

Pharmaceutical 
Bi i l

Safety
Efficacy

QualityBioequivalence

Innovator product Generic productBridging

Innovator product = generic productInnovator product  generic product

 same efficacy
 same safety same safety
 same indications
 same dose regimen same dose regimen

INTERCHANGEABILITY

SUBSTITUTION

INTERCHANGEABILITY



The Synthetic versus biotechnology‐derived 
Medicinal Products – What is the difference?

The synthetic medicinal productThe synthetic medicinal product

From starting Material to ProductFrom starting Material to Product



The synthetic medicinal productThe synthetic medicinal product

The ProductThe Product

PenicillinAspirin PenicillinAspirin

• simple 

• small• small

• easily characterized

• clean• clean

The biotechnology‐derived Medicinal Products



The biotechnology‐derived Medicinal Products

Biotech-Wirkstoffe werden eher gebraut als chemisch 
konstruiert. In riesigen Fermentern schwimmen Kulturen konstruiert. In riesigen Fermentern schwimmen Kulturen 
genetisch veränderter Bakterien in Nährlösung. Aus dieser 
Biosuppe werden die Wirkstoffe extrahiert und gereinigt. 
Sie bestehen aus Proteinen, die auch natürlich vorkommen 
- oder ähneln diesen zumindest. 

The biotechnology‐derived Medicinal ProductsThe biotechnology derived Medicinal Products

From starting Material to Product

Gene 
transferSource of „production site“

„Production site“



The biotechnology‐derived Medicinal ProductsThe biotechnology derived Medicinal Products

From starting Material to ProductFrom starting Material to Product

The biotechnology‐derived Medicinal ProductsThe biotechnology derived Medicinal Products

Prof. Florian Wurm, 10. Reg. Forum 2005



The biotechnology‐derived Medicinal ProductsThe biotechnology derived Medicinal Products

The ProductThe Product

• Production site complex

• Product very large

• Heterogeneity in structure 

• Difficult to characterize

Factor VIIII
Fred Hutchinson Cancer Research Center

• Difficult to clean

The biotechnology‐derived Medicinal Products

Difference in post-translational modification

gy

Ram Sasisekharan, MIT, FDA Public Workshop, September 14 & 15, 2004



Synthetic versus 
biotechnology derived Medicinal Productsbiotechnology‐derived Medicinal Products

Diff i l itDifference in complexity

Product Molecular 
Weight (Dalton)

Number of 
Amino AcidsWeight (Dalton) Amino Acids

Propranolol 259

Chemically-Based

Propranolol

Aspirin

259

180

-

-

Bi l i

Calcitonin 4,500 32

Biologic

Hu Growth Hormone

Erythropoietin 

22,000

ca. 30,000          

191

165           

Factor VIII ca. 264,000 2332

Synthetic versus 
biotechnology derived Medicinal Productsbiotechnology‐derived Medicinal Products

„The process makes the product“

Any change in the production may 
change the product

Any change in the product may 
change the efficacy and safetychange the efficacy and safety



Major Challenges

 Differences in 3‐D structure Differences in 3‐D structure
 Batch reproducibility 
 I iti Impurities

May affect efficacy and safety

Example: Erythropoetin

Eprex Gelelectrophorese / MW / EprexEprex Gelelectrophorese / MW / Eprex

Schellekens, H., Biosimilar Epoetins: How 
Similar Are They?  Eur. J. of Hosp. Scien., 
Mar 04, 43-47



Example: Erythropoetin

Effect of changing the production siteg g p

Schellekens, H., Biosimilar Epoetins: How Similar Are 
They? Eur. J. of Hosp. Scien., Mar 04, 43-47They?  Eur. J. of Hosp. Scien., Mar 04, 43 47

The risk – difference in efficacy

Structural differences and effect on bioavailability

Site of Carbohydrate Linkage – Opioid Glycopeptide (Elmagbari et al.)

JPET 311:290JPET 311:290--297, 2004297, 2004



The risk – difference in efficacy

Structural differences and the effect on tissue distribution

Biodistribution of Radiolabeled Glycoforms in Mice*

Tissue Form 1 Form 2 Form 3 Form 4

Blood 100% 108% 103% 217%

Liver 100% 51% 13% 4%

Lungs 100% 22% 56% 289%

Bone Marrow --- ---  ---

* Neoglycopeptides (derived from fibrinogen, thyroglobulin)
25 minutes post-dose,  cpm  108 gm tissue

Gupta and Surolia. 1994
Glycoconjugate JournalGlycoconjugate Journal

The risk – difference in safety

The event, which changed perception

e s d e e ce sa ety



The risk – difference in safety

... the observation

e s d e e ce sa ety

Bennett C NJM 2004; 351 1403Bennett C.NJM, 2004; 351, 1403

The risk – difference in safety

... and the analysis

e s d e e ce sa ety

Bennett C NJM 2004; 351 1403Bennett C.NJM, 2004; 351, 1403



Biosimilars –Biosimilars 
Evolutionary Development of a New Term

f G ifrom Generic

t Bi ito Biogeneric

t Bi i il (F ll P t i )to Biosimilar (Follow-on Protein)

Question:Question: 
Decision basis for registration of a biosimilar?

Pharmaceutial 
Quality

Bi i l

Pharmaceutial 
Quality

Safety
Efficacy

Bioequivalence Safety
Efficacy

Innovator product Biosimilar



The buzz word:The buzz word: 

COMPARABILITY

No prove of efficacy (already proven with original product)No prove of efficacy (already proven with original product)

No prove of safety

PROVE OF COMPARABILITY IN SAFETY AND EFFICACY

BUT
Immunogenicity, long term follow upImmunogenicity, long term follow up 

Risk Management Plan

Cautious approach of the regulatory bodies

Revision of Directive 2001/83
(Entering into Force Nov' 2005)

pp g y

Guideline on Similar Biological Medicinal ProductsOverarching

Guideline on Similar Biological Medicinal Products
Containing Biotechnology-Derived Proteins as Active

Substance: Quality Issues
Quality General:

Applies to all 
Bi i ilBiosimilars

Guideline on Similar Biological Medicinal Products
C t i i Bi t h l D i d P t i A ti

Nonclinical
Containing Biotechnology-Derived Proteins as Active

Substance: Nonclinical & Clinical Issues [comments due Oct ‘05]
& Clinical

Annexes
hErythropoietin hG-CSF h-Insulin h-Growth 

Hormone

Specific:
Product data 
requirements

LM Heparins Interferon-beta 
(C)

Follicle 
Stimulation 

Hormone (C)

Monoclonal 
Antibodies (D)

Interferon-
alpha



Elements considered in GuidelinesElements considered in Guidelines

C l it f M l l i k f t t l diff• Complexity of Molecule – risk of structural differences
• Comparability on the molecular level (quality documentation)
• Comparability on pre-clinical levelp y p
• Comparability on clinical level

 efficacy
 safety safety

• Most sensitive indication
• Extrapolation to other indications

Ri k A t P t M k ti S ill• Risk Assessment – Post Marketing Surveillance

INTERCHANGEABILITY

Example ErythropoietinExample Erythropoietin

Recombinant human Erythropoietin, 165 residues, y p
expressed in CHO cells. 

Molecular weight is approx. 30’000 g pp
(40% sugar moiety)



Example ErythropoietinExample Erythropoietin

Complexity of molecule requires 
extensive clinical study programextensive clinical study program, 
including correction and maintenance 
phase and post marketing fuphase and post-marketing fu

Example ErythropoietinExample Erythropoietin

vfa, 12. Feb 2011



Example FilgrastimExample Filgrastim

Recombinant human G‐CSF (Granulocyte colony 
stimulating factor), 175 residues, expressed in E. coli. 
The protein has an amino acid sequence that is 
identical to the natural sequence predicted from 
human DNA sequence analysis, except for the 
addition of an N‐terminal methionine necessary for 
expression in E coli.

Molecular weight is 18’802 8 g/molMolecular weight is 18 802.8 g/mol

Example FilgrastimExample Filgrastim

- Relative simple moleculeRelative simple molecule
- Low Immunogenicity 

requires minimal clinical study 
programprogram



Example FilgrastimExample Filgrastim

vfa, 12. Feb 2011

Example SomatotropinExample Somatotropin

Recombinant human growth hormone, 91 residues, 
expressed in E. coli. The protein has an amino acid 
sequence that is identical to the natural sequence 
predicted from human DNA sequence analysis.

Molecular weight is 22’000



Example SomatotropinExample Somatotropin

- 6 original products on market with little6 original products on market with little
difference in efficacy and safety

- Relative simple moleculeRelative simple molecule
- Low Immunogenicity 

requires minimal clinical study program

Example SomatotropinExample Somatotropin

vfa, 12. Feb 2011



Example RituximabExample Rituximab

Monoclonal chimeric (mouse / human) antibody 
against CD20 mainly present in B‐cell.  2 heavy chain 
of 451 amino acid, 2 light chains 0f 213 amino acids, 
produced in CHO Cells, highly complex molecule

Molecular weight is 145’000 kD

- Highly complex moleculeg y p

CHALLENGE
But see below

vfa, 12. Feb 2011

Novartis Issues Challenge To Roche By LaunchingNovartis Issues Challenge To Roche By Launching 
Copycat Clinical Trials.

The Financial Times (1/11, Simonian) reports Novartis has issued a 
challenge to its competitor Roche by launching clinical trials into its own 
version of biosimilar rituximab, the top selling cancer and rheumatoid 
arthritis treatment that Roche sells under the brand names Rituxan and 
Mabthera. Sandoz, the Novartis subsidiary who specializes in "copycat" 
generic versions of drugs will soon begin the trials. 

DIA Daily 1 2011DIA Daily 1-2011

Novartis Rituxan goes into Phase IINovartis Rituxan goes into Phase II
Rituxan is a huge earner for Roche, and Novartis says it ranks among 
the top three biologics worldwide, with 2009 sales of $5.60 billion. 
Sandoz boss Jeff George note that this “key development milestone”Sandoz boss Jeff George note that this key development milestone  
demonstrates that the firm is on track to maintain its global leadership 
position in biosimilars in the medium to long term. 

Pharmatimes 11. Jan. 2011



Biosimilars – Chance oder Risiko?Biosimilars  Chance oder Risiko?

Open Questions / DisputesOpen Questions / Disputes

• Interchangeability
• Substitution
• Nomenclature (INN) resolved
• Information in Package Insert
• Pharmakoviligilance• Pharmakoviligilance

• Extrapolation to other indications


