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The generic paradigm 

• Only applicable to small molecules taken orally 

• Based on the assumption that pharmaceutical 
equivalence and bioequivalence = therapeutic 
equivalence 

• Has led to the introduction of many safe, effective 
and affordable drugs 

• Is an important part of the innovation cycle 
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The first article describing the issues when 
patents of biologics will expire 

Schellekens H and Ryff JC. Trends Pharmacol Sci 2002;23:119–121  2 



The arguments for a separate 
pathway for biologics 



Biologics are large, complex molecules 

• Biologics are much larger, with more complicated 
structures than classical drugs 

Schellekens H. Nephrol Dial Transplant 2009;2(Suppl 1):iv27–36  4 

Interferon beta: Molecular weight 19,000 Aspirin: Molecular weight 180 



The analytical 
tools for 
biologics are 
10–100 times 
less sensitive 
than for 
classical drugs  

Physical chemical analyses do not predict the 
biological and clinical properties of biologics  

Schellekens H. Nephrol Dial Transplant 2009;2(Suppl 1):iv27–36  5 



Biologics are produced by living cells 

• Biologics are produced 
under controlled conditions 

• Newly generated proteins 
undergo complex post-
translational modifications: 
– Highly sensitive to production 

conditions 

– Minor changes can have 
major impacts on biological 
activity 

 

Roger SD. Nephrology 2006;11:341–346 
Schellekens H. Nephrol Dial Transplant 2009;2(Suppl 1):iv27–36  6 

Escherichia coli bacterium producing interferon gamma 



Biologics are heterogeneous: 
isoelectric focusing of epoetins 

Schellekens H and Combe C. ERA-EDTA Congress 2004, Poster MP282 
Schellekens H. Nephrol Dial Transplant 2009;2(Suppl 1):iv27–36  7 
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Conventional drugs vs biologics  

Conventional Drugs Biologics 

Size Small Large 

Structure Simple Complex 

Stability Stable Unstable 

Modifications Well-defined Many options 

Manufacturing • Defined, reproducible 
chemical process 

• Identical copies can be made 

• Unique biological processes 
within living cell lines  

• Impossible to ensure identical 
copies 

Characterisation Easy to fully characterise Difficult to characterise fully 
due to a mixture of related 
molecules 

Immunogenicity Non-immunogenic Immunogenic 

Schellekens H. Nephrol Dial Transplant 2009;2(Suppl 1):iv27–36  8 



Immunogenicity of therapeutic 
proteins is a key issue 



Factors influencing immunogenicity 

• Structural properties 
– Sequence variation 

– Glycosylation  

• Other factors 
– Assays 

– Contaminants and impurities 

– Formulation 

– Downstream processing 

– Route of administration 

– Dose and length of treatment 

– Patient characteristics 

– Unknown factors 

Schellekens H. Nat Rev Drug Discov 2002;1:457–462 10 



Consequences of immunogenicity 
Loss of efficacy 

• Insulin Enhancement of efficacy 

• Streptokinase • Growth hormone  

• Staphylokinase 

• ADA 

• Salmon calcitonin Neutralisation of native protein 

• Factor VIII • MDGF 

• Interferon alpha-2 • EPO  

• Interferon beta 

• IL-2 

• GnRH General immune effects 

• TNFR55/IgG1 • Allergy 

• Denileukin diftitox • Anaphylaxis 

• HCG • Serum sickness, etc. 

• GM-CSF/IL3 
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EU regulatory requirements 
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Biological products: 
Overview of relevant EU guidelines 

Guideline on Similar Biological Medicinal Products. European Medicines Agency. Available from: 
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003517.pdf.  
Last accessed: January 2014; Guideline On Immunogenicity Assessment Of Biotechnology-derived Therapeutic Proteins. Available from: 
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003947.pdf. Last accessed: January 2014 13 

Quality 
CHMP/BWP/49348/2005 

Clinical &  
Non-clinical 

CHMP/BMWP/42832/2005 

Immunogenicity 
Assessment 

CHMP/BMWP/14327/2006 

Product-specific 
EPO  Insulin 
G-CSF  HGH 
LMWH IFNα 
FSH   IFNβ 
Monoclonal antibodies 

Overarching Guideline (CHMP 437/04) 
Guideline on Similar Biological Medicinal Products 

Defines concept, principles and provides user guide 



Principles of the EMA approach for 
biosimilars 

• Full quality dossier, including comparisons with 
original 

• Limited preclinical dossier, including pharmacokinetic 
comparison with original 

• Clinical similarity – hard clinical endpoint not needed 

• Extrapolation possible 

• Risk management plan needed with post-marketing 
safety studies, including immunogenicity 

 

Guideline on Similar Biological Medicinal Products. European Medicines Agency. Available from: 
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003517.pdf.  
Last accessed: January 2014 14 



Experience with biosimilars in 
the EU 



Current EU approved biosimilars 

• First-wave of biosimilars approved in the EU:  

Biosimilars Approved in Europe. Available from: http://www.gabionline.net/Biosimilars/General/Biosimilars-approved-in-Europe. Last 
accessed January 2014 16 

Class Product Medicine Name Active Substance (INN) 
EU Authorisation 

Date 

Epoetins 

HX575 

Abseamed epoetin alfa 28/08/2007 

Binocrit epoetin alfa 28/08/2007 

Epoetin alfa Hexal epoetin alfa 28/08/2007 

SB-309  
Retacrit epoetin zeta 18/12/2007 

Silapo epoetin zeta 18/12/2007 

Granulocyte 
colony-stimulating 
factor (G-CSF) 

XM02 

Biograstim filgrastim 15/09/2008 

Ratiograstim filgrastim 15/09/2008 

Tevagrastim filgrastim 15/09/2008 

EP2006 
Filgrastim Hexal filgrastim 06/02/2009 

Zarzio filgrastim 06/02/2009 

PLD108 Nivestim filgrastim 08/06/2010 

Human growth 
hormone 

NA Omnitrope somatropin 12/04/2006 

NA Valtropin somatropin Withdrawn 

• Biosimilar infliximab approved in the EU for inflammatory disorders: 

– Remsima/Inflectra (Celltrion/Hospira): September 2013 



The biosimilar landscape in the EU 

• Biosimilar regulations have resulted in the 
introduction of safe, effective biosimilars of high 
quality 

• However, the cost savings have been modest  
(20–30%) 

Cornes P. Target Oncol 2012;7(Suppl 1):57–67 

Jelkmann W. Am J Hematol 2010;85:771–780 17 



WHO guideline for biosimilars  

• Clinical data are necessary 

• Immunogenicity should always be tested 

• Pharmacovigilance is essential 

 

Guidelines on evaluation of Similar Biotherapeutic Products (SBPs). World Health Organization. Available from: 
http://www.who.int/biologicals/areas/biological_therapeutics/BIOTHERAPEUTICS_FOR_WEB_22APRIL2010.pdf.  
Last accessed: January 2014 18 



Non-regulated copies are not 
biosimilars, but “bioquestionables” 



Products made by different independent, follow-
on manufacturers’ processes are different 

• Even batches from the same manufacturer may vary 
in composition 

 

Letter labels a–g refer to independent manufacturers; numbers refer to batches from same manufacturer. 

Adapted from: Schellekens H. Eur J Hosp Pharm 2004;10:43–47  20 
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The “biosimilar” landscape in the 
developing world 

 

 

 



Challenges with “biosimilars” in the 
developing world 

Praditpornsilpa K, et al. Kidney Int 2011;80:88–92 22 



Distinguishing biosimilars 
from “bioquestionables” 

Casadevall N, et al. Kidney Int 2011;80:553 23 



Ongoing study in Bangkok 

• 19 epoetins available in Thailand registered by the 
classical generic pathway 

• All CKD patients treated with epoetin in registry 

• All batches used are being analysed in Utrecht 
University 

• Study blinded until March 2014 

Data on file. 24 



Outstanding issues with 
biosimilars 

 

 

 



Outstanding issues with biosimilars 

• Substitution 

• Interchangeability 

– Population level 

– Individual level 

• Immunogenicity 

• Nomenclature 

• Pharmacovigilance 
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Biosimilar substitution policies 

27 

Biosimilar substitution 

AUSTRIA 

BULGARIA 

CZECH REPUBLIC 

GREECE 

Generic substitution not 
allowed or Rx by brand 
name only 

SPAIN 

FRANCE 

Legislative  
provision  
not allowing  
biosimilar  
substitution 

ITALY 

BELGIUM 

SWEDEN 

Official position  
unfavourable to  

biosimilar substitution 

ROMANIA 

Substitution 
possible 

NETHERLANDS 

NORWAY 

Evaluation on 
a case-by-
case basis  

UNITED KINGDOM 

Treatment by brand name  
recommended for  
biosimilar products 

? No clear position on 
biosimilar substitution? 

ESTONIA 

SLOVENIA LATVIA 

LITHUANIA 

IRELAND POLAND 

CYPRUS 

PORTUGAL MALTA 

Official substitution list 
excluding biotech/ 
biosimilar products 

DENMARK 

FINLAND HUNGARY 

GERMANY SLOVAKIA 

Possible Not possible 

Regulatory environment 



The next generation of 
biosimilars:  

Monoclonal antibodies/fusion 
proteins 



Main problems with biosimilar 
monoclonal antibodies 

• To show clinical similarity between reference product 
and biosimilar 

• Extrapolation of data from the reference indication 

Calvo B and Zuniga L. Curr Med Chem 2012;19:4445–4450 29 



The first biosimilar monoclonal antibody 
in the EU 

Remsima EMA Assessment Report. Available from: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Public_assessment_report/human/002576/WC500151486.pdf. Last accessed: January 2014 30 



Time to event 

Endpoint 

Placebo 

efficacy 

Innovator efficacy  

(HR 97.5% CI)† 

Sample size 

required  

(δ= HR 1.05) 

Sample size 

required  

(δ= HR 1.1) 

Sample size 

required  

(δ= HR 1.2) 

Median OS* 19.9 

months 

21.3 months 

 (0.84[076-1.03]) 

15760 4130 1130 

PFS* 8.0 months 9.4 months 

 (0.83 [0.72-0.95]) 

11242 2946 806 

Binary Endpoint† Placebo 

efficacy 

Innovator efficacy † (δ = 10%   

of  Bev & PBO) 

(δ = 25%   

of  Bev & PBO) 

(δ = 50%  

of  Bev & PBO) 

One year survival  72.1% 77.9% 126566 

(δ=1.09%) 

20254 

 (δ= 1.45% ) 

5066   

(δ= 2.9% ) 

One year PFS 25.4% 31.03% 166976 

(δ=0.56%) 

26716 

(δ= 1.41% ) 

6678  

(δ= 2.82% ) 

Hypertension 6.4% 18.9% 24268 

(δ=1.25%) 

3887 

 (δ=3.125%) 

978  

(δ=6.25%) 

Sample size calculations assuming various effect size  
differences Avastin trial NO16966 (Saltz, 2008) 
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Saltz L. and al. Bevacizumab in Combination With Oxaliplatin-Based Chemotherapy As First-Line Therapy in 
Metastatic Colorectal Cancer: A Randomized Phase III Study. J Clin Oncol  (2008) 26:2013-2019 



Conclusions 

• Price drop by biosimilars modest 

• Introduction and market penetration slow 

• Mainly big companies involved 

• Quality of biosimilars in the EU high 

• Still a number of issues, including extrapolation 

• Still a lot of low quality biologics (“bioquestionables”) 
around 
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