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Importance of nomenclature… 

Source: IMS HEALTH 

Etanercept (Fc-) 
Certolizumab- 
           (Fab-peg) 

Peg -IFNa 
Obinutuzumab 

Rituximab 
CT-P10 

Rituximab 
(India, 2013) 
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Definition of a Biosimilar exists in Europe since 2001  
……….. it´s  a  LAW  

Directive 2001/83/EC (as amended)  
Article 10: „Generics“ and legal basis for „biosimilars“ 

 Article 10(2a): „Generic medicinal product” shall mean a medicinal product which 
has the same qualitative and quantitative composition in active substances and 
the same pharmaceutical form as the reference medicinal product, (…).” 

 Article 10(4): „Where a biological medicinal product which is similar to a 
reference biological product does not meet the conditions in the definition of 
generic medicinal products, owing to, in particular, differences relating to raw 
materials or differences in manufacturing processes of the biological medicinal 
product and the reference biological medicinal product, the results of appropriate 
pre-clinical tests or clinical trials relating to these conditions must be provided.” 



Regulation of Biosimilars in the EU 

2001  2002   2003   2004   2005   2006   2007   2008  2009  2010  2011  2012  2013  2014  2015  2016 2017  

Legislation Guidance 

Product  
Authorisations 

Directive  
2001/83/EC 

 
Directive  

2004/27/EC* 

Overarching guideline 

Product-class specific guidelines 

Quality guideline 
Non-clinical/Clinical guideline 

*amending Directive 2001/83/EC 

somatropin epoetin filgrastim 
infliximab & 
follitropin 

insulin 
glargine 

Revised Overarching  
guideline 

Revised 
Non-
clinical/Clinical 
guideline 

Etanercept 
Enoxaparin 

Revised 
Quality guideline 

Teriparatide 
Rituximab 



Biosimilar Product Review ( August 2017 ) * 

53 MAAs post-review 

39 Positive opinions 2 Negative 12 Withdrawn 
(pre-approval) 

36 Valid MAs 

3 Withdrawn 
(post-approval) 

66 MAAs submitted 

13 MAAs under review 

Adalimumab (3) 
Bevacizumab (2) 

Infliximab (1) 
Insulin glargine (1) 
Pegfilgrastim (2) 
Trastuzumab (4) Somatropin (1) 

Epoetin (5) 
Filgrastim (7) 
Infliximab (3) 

Follitropin alfa (2) 
Etanercept (2) 

Filgrastim (2) 
Somatropin (1) 

Interferon alfa 
Insulin Insulin (6) 

Epoetin (1) 
Pegfilgrastim (4) 
Trastuzumab (1) 

* Information on EMA website 

Insulin glargine (2) 
Enoxaparin (2) 
Teriparatide (2) 
Rituximab (6) 

Adaliumumab (3) 
Insulin lispro (1) 



                  Biosimilars  in  the  EU ( 06. Sep 2017; EMA website) 
22 distinct Biosimilars (= 36 products)   exist  for  11 different Reference products 
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Changes in the manufacturing process 
of biologicals occur frequently 

 

 Concept  is not new! 
 
• Any change of the manufacturing process of the originator leads to a new version of 

the active substance  
 
• The manufacturer has to demonstrate the comparability of new versions from the 

old and the new manufacturing process  
 

       ICH guideline Q5E  
 



Comparability Exercise  for  different   (similar)  
versions  of   the  same  active  substance 

Quality Non-Clinical 

Clinical 

- impurities 
- batch inconsistency 
- contaminants 
- aggregates 
- microheterogeneity 
- fragments - tissue cross-reactivity 

- binding—Fab/ Fc 
- potency 
- toxicity 

- immunotoxicity 

- PK/PD 
- efficacy data 
- safety data 
- immunogenicity data 

B R I D G I N G 
- Primary structure 
- Protein content 
- Higher order structure 
- High molecular weight species 
- Charge 
- Glycosylation profile 
 



Vezér B, Buzás Zs, Sebeszta M, Zrubka Z.: Authorized manufacturing changes for therapeutic monoclonal antibodies 
(mAbs) in European Public Assessment Report (EPAR) documents. Curr Med Res Opin. 2016 May;32(5):829-34 

Manufacturing changes authorized by EMA  
(EPARs of 29 Mabs: Total manufacturing changes = 404)  

New manufacturer of active substance (AS) 

Change of in process tests with widening of 
limits 
Change purification process of active 
substance (AS) 
Manufacturing change known to impact 
mechanism of action 



Drift, Evolution, and Divergence in Biologics and Biosimilars Manufacturing Ramana, S.; Grampp, G. BioDrugs (2014) 28:363–372 

Manufacturing of biologics has inherent variability 

Need to  
• define measurable product quality attributes  
• Set specifications 
• define proven acceptable ranges 



New version of the active substance implies   
   ….similar (!) and not identical 
 

Schiestl, Nature Biotechnology Vol. 29 ; 4 , 2011 

Rituximab with expiry dates from Sep 2007 to Oct 2011    
Using  cation exchange chromatography (a), % basic variants (b), ADCC (c) and glycan mapping (d) 



Authorized manufacturing changes for therapeutic monoclonal antibodies (mAbs) in European Public Assessment Report (EPAR) documents.  
Vezér B, Buzás Zs, Sebeszta M, Zrubka Z.: Curr Med Res Opin. 2016 May;32(5):829-34 

Manufacturing changes authorized by EMA  
(EPARs of 29 mabs: Total manufacturing changes = 404):  

n=22  
n=286 
n=96   



Changes in the manufacturing process 
of biologicals occur frequently 

 

 Typically, clinical data is not required to substantiate manufacturing change.  

 

 But if at all, then one clinical trial in one therapeutic indication with extrapolation 
to all therapeutic indications is sufficient   

     (so far required only once: Aranesp Phase 3) 

 

 BWP/CHMP have experience in judging impact of differences in quality attributes. 

 



Summary: Changes in the manufacturing process 
of biologicals occur frequently 

 

 Concept  is not new! 
 
Definition of a Biosimilar  
(Overarching Guideline CHMP/437/04 Rev. 1): 
 
“A biosimilar is a biological medicinal product that contains  
a version of the active substance of an already authorised original 
biological medicinal product.“ 
 



Example: Establishing Biosimilarity with 
Comparability studies  Truxima versus MabThera – 

Comparative studies  

Analytical: 
physical and chemical properties 

Functional: 
biological/pharmacological activity  



Comparability studies  Truxima versus MabThera – 
Overview of comparative quality studies 

Molecular 
parameter 

Methods for control and 
characterisation 

Key findings 

Primary structure Amino acid analysis 
Molar absorptivity 
N-terminal sequencing 
C-terminal sequencing 
Peptide mapping by HPLC 
Determination of intact mass 

Identical primary structure  
Intact mass comparable 

Secondary and 
higher order 
structure 

Fourier Transform Infra-Red 
spectroscopy 
Circular Dichroism 
Differential Scanning 
Calorimetry 

Highly similar secondary and higher order structure.  
 
• Similar post-translational modifications included  
     deamidation, oxidation and C-terminal lysine variants,  
• Highly similar number and distribution of charged variants  
• highly similar glycosylation profiles,  
• highly similar monosaccharide (Fucose, N-acetyglucosamine, Galactose and 

Mannose) sugar contents  
• Highly similar sialic acid (N-acetylneuraminic acid (NANA) contents  
• similar levels of residual process-related impurities  
    (such as host cell protein, Host Cell DNA and rProtein A) were shown. 



Mechanism of rituximab-mediated cell death 

Direct apoptosis induction in vitro is mainly seen in 
rapidly dividing Burkitt lymphoma cells but is very 
hard to demonstrate in some other lymphoma cell 
types.  
 
FcR polymorphism(s) have impact on in vivo 
response in Follicular lymphoma (FL) suggesting 
that ADCC is more important in FL but  less 
important in CLL 
 
 
CD20 levels on the B cell surface, and B cell count 
differ largely between NHL and Rheumatoid Arthritis 
(RA) patients due to the range of tumour burden 
among patients.  



Molecular 
parameter 

Methods for control and 
characterisation 

Key findings 

Binding assays and 
in vitro bioassays  

Binding affinity to CD20 
C1q binding affinity 
Fcγ receptors  
(FcγRIIIa-V, FcγRIIIa-F, 
FcγRIIIb, FcγRIIa, FcγRIIb and 
FcγRI) binding affinity  
and  
FcRn binding affinity 
 
 
CDC  
ADCC  
Apoptosis bei FACS analysis 
 

Highly similar binding affinity to CD20  
(the primary mechanism of action of rituximab)  
 
A similar correlation between glycosylation and Fc function of Truxima and 
MabThera/Rituxan was shown 
 
 
 
 
 
Highly similar biological activities in assays representative of the known and 
putative mechanisms of action of Rituximab. 
 

Comparability studies  Truxima versus MabThera – 
Overview of comparative preclinical studies 



Implication 1:   Paradigm Shift 
Originals, Biobetters Biosimilars 

 „Totality of evidence“ 
 Several criteria for similarity will determine  “biosimilarity” 
 Sensitive attributes are evaluated with multiple complimentary methods 



Implication 2:    Source of Information for Biosimilars is   
European Public Assessment Report (EPAR) 
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Concept of Extrapolation  is not new!  
   It applies  to  ALL MEDICINES !! 

Concept paper on extrapolation of efficacy and safety in medicine development.  
EMA, 2013—currently under revision 

Extrapolation is defined as  
 
“….extending information and conclusions available from studies in one 
or more subgroups of the source patient population… 
 
 ….to make inferences for another subgroup of the population … 
 thus reducing the need to generate additional information... to reach 
conclusions for the target population ... “ 



Concept of extrapolation is addressed in  
Overarching Guidelines of Biosimilars 
EMEA/CHMP/BMWP/42832/2005 Rev. 1  
 

28 

 
Extrapolation: 
 

− Requires scientific justification (not automatically granted) 
 

− Is possible,  IF overall data on biosimilarity allow for it 
 

− „Totality of-evidence“ 
 



Considerations for extrapolation 

Usually unproblematic when  

 same MoA/receptor  is involved and no indication specific safety concern 
exists 

  no reason to request additional data 

 

 same receptor but different target-cell specific downstream signalling  

  no reason to request additional data 

 



Considerations for extrapolation 
Additional data is necessary, if 
 Different active sites of the biologic agent or different target receptors   

 
 Studied therapeutic indication is not relevant for the others in terms of 

efficacy or safety (e.g. extrapolation from R.A to oncology indications) 

 

 Different safety profile  in different therapeutic indications  
 
 e.g. functional assays and/or PD parameters and/or clinical data 



Considerations for extrapolation 
Additional data is necessary, if 
 Different active sites of the biologic agent or different target receptors   

 
 Studied therapeutic indication is not relevant for the others in terms of 

efficacy or safety (e.g. extrapolation from R.A to oncology indications) 

 

 Different safety profile  in different therapeutic indications  
 
 e.g. functional assays and/or PD parameters and/or clinical data 



Considerations for extrapolation 
MYL-1401O, a proposed biosimilar to US-Herceptin  

www.fda.gov   published  July 13, 2017  

The scientific justifications for extrapolation of data to support a demonstration of 
biosimilarity in the indications for which the Applicant is seeking licensure include:  
 
 The mechanism of action (MOA) of trastuzumab on human tumor cells that overexpress HER2 includes inhibition of 

proliferation and antibody-dependent cellular cytotoxicity (ADCC). This MOA is independent of the disease setting.  
 

 Demonstration that MYL-1401O is highly similar to US-Herceptin based on extensive analytical characterization data  
 

 Similar pharmacokinetics (PK) was demonstrated between MYL-1401O and US-Herceptin in healthy subjects. A similar 
PK profile would be expected between MYL-1401O and US-Herceptin across the other indications for use.  
 

 In MYL-Her-3001, the frequency of anti-drug antibody formation was low and there were no notable differences between 
MYL-1401O and EU-Herceptin. A sufficient scientific bridge was established to justify the use of clinical data generated 
with EU-Herceptin to support a demonstration of biosimilarity of MYL-1401O to US-Herceptin. Accordingly, similar 
immunogenicity would be expected between MYL-1401O and US-Herceptin in other indications of use.  

 
 Similar clinical safety and efficacy profile was demonstrated between MYL-1401O and EU-Herceptin in HER2 positive 

metastatic breast cancer patients. Accordingly, similar safety and efficacy would be expected between MYL-1401O and 
US-Herceptin. As analytical and PK similarity was demonstrated between MYL-1401O and US-Herceptin, a similar 
safety and efficacy profile would be expected in other indications for use.  

http://www.fda.gov/


 
 



Summary: Extrapolation of Biosimilars 

 Extrapolation is not a new concept and is based on sound scientific principles  

 In case of remaining doubt, additional binding, functional and/or clinical data 
are required  

 Regulators in the EU take a careful approach in order not to jeopardize the 
safety and wellbeing of patients 

 Explanation of the reasons for extrapolation granted by CHMP is presented in 
the EPAR 

 Much real life experience with extrapolation exists 
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Definitions of interchangeability largely agreed within EU 

Switching 
The decision by the treating physician to exchange one medicine with another 
medicine with the same therapeutic intent in a given patient. 
Interchangeability  
means the medical practice of changing one medicine for another that is expected to 
achieve the same clinical effect in a given clinical setting and in any patient on the 
initiative, or with the agreement of the prescriber.  
 
Substitution  
practice of dispensing one medicine instead of another equivalent and interchangeable medicine at the 
pharmacy level without consulting the prescriber.  
There is no “substitutability determination” at EU level  
 
Automatic Substitution (EU) 
practice whereby a pharmacist is obliged to dispense one medicine instead of another equivalent and 
interchangeable medicine due to national or local 
requirements (without consulting the prescriber) 



Definition in  United  States 
 

Patient Protection and Affordable Care Act ;  Mar. 23, 2010. 

   Different EU and US nomenclature hampers debate 



Changes in the manufacturing process of biologicals  are ongoing 
Interchangeability:  Theoretical considerations  

…  in real life: 
Different versions of same  

active substance  

are  de facto  already being 
used   interchangeably  

without necessity for clinical 
studies 
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EMA Pharmacovigilance Project 2017: ongoing 
Biological product identifiability in EudraVigilance (EV)  

More than 49.000 cases received as spontaneous ADR reports  
from a reporter within the EEA between 01 Jan 2011  and  30 Jun 2016 



 Batch number identification is  generally poor 

 Identification using trade name is  very good  

 Data from EudraVigilance database suggests continuous robust levels of 

product identification of biologicals from European clinical practice 

 These results are similar (or better) than previously published data on biosimilar 

identification in EV 
 Vermeer NS et al (2013) Traceability of biopharmaceuticals in spontaneous reporting systems: a cross 

sectional study in the FDA Adverse Event Reporting System (FAERS) and EudraVigilance databases. 
Drug Safety 2013; 36:617–625 
 

 We can be confident in our Pharmacovigilance system !  
 

EMA Pharmacovigilance Project 2017: ongoing 
Biological product identifiability in EudraVigilance (EV)  
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Thanks for your attention ! 


	A Clinician´s Guide to Biosimilars in Oncology:�Understanding the Science of �Extrapolation and Interchangeability 
	Dr Elena Wolff-Holz�Disclosures September 2017
	Understanding the Science of Extrapolation �and Interchangeability
	Understanding the Science of Extrapolation �and Interchangeability
	�
	Understanding the Science of Extrapolation �and Interchangeability
	Definition of a Biosimilar exists in Europe since 2001 �……….. it´s  a  LAW 
	Regulation of Biosimilars in the EU
	Biosimilar Product Review ( August 2017 ) *
	                  Biosimilars  in  the  EU ( 06. Sep 2017; EMA website)�22 distinct Biosimilars (= 36 products)   exist  for  11 different Reference products�
	Understanding the Science of Extrapolation �and Interchangeability
	Changes in the manufacturing process�of biologicals occur frequently
	Comparability Exercise  for  different   (similar) �versions  of   the  same  active  substance
	Foliennummer 14
	Manufacturing of biologics has inherent variability
	Foliennummer 16
	Foliennummer 17
	Changes in the manufacturing process�of biologicals occur frequently
	Summary: Changes in the manufacturing process�of biologicals occur frequently
	Example: Establishing Biosimilarity with�Comparability studies  Truxima versus MabThera –
	Comparability studies  Truxima versus MabThera –�Overview of comparative quality studies
	Foliennummer 22
	Comparability studies  Truxima versus MabThera –�Overview of comparative preclinical studies
	Implication 1:   Paradigm Shift
	Implication 2:    Source of Information for Biosimilars is  �European Public Assessment Report (EPAR)
	Understanding the Science of Extrapolation �and Interchangeability
	Concept of Extrapolation  is not new! �   It applies  to  ALL MEDICINES !!
	Concept of extrapolation is addressed in �Overarching Guidelines of Biosimilars�EMEA/CHMP/BMWP/42832/2005 Rev. 1 �
	Considerations for extrapolation
	Considerations for extrapolation
	Considerations for extrapolation
	Considerations for extrapolation�MYL-1401O, a proposed biosimilar to US-Herceptin �www.fda.gov   published  July 13, 2017 
	�
	Summary: Extrapolation of Biosimilars
	Understanding the Science of Extrapolation �and Interchangeability
	Definitions of interchangeability largely agreed within EU
	Definition in  United  States�
	Changes in the manufacturing process of biologicals  are ongoing
	Foliennummer 39
	Understanding the Science of Extrapolation �and Interchangeability
	Foliennummer 41
	Foliennummer 42
	Understanding the Science of Extrapolation �and Interchangeability
	Thanks for your attention !

