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2004 

• The patent of epoetin alpha expired 

 

2005 

• The patent of epoetin beta expired in many European 
countries  

  

ESA: patent expiry in Europe 



What are ‘biosimilars’? 

• The expiry of exclusivity protection and regulatory data 
protection for certain biologics has led to the 
development of what are called BIOSIMILARS  

• Biosimilars are an attempted copy of an innovative 
biologic manufactured by a different company 

• However, because of the molecular complexities and 
sensitive biologic manufacturing process, it is NOT 
possible for a biosimilar to be an exact copy of the 
original product 

 

 



Four things to consider about biosimilar 
ESA 

Molecular properties 

Manufacturing process 

Safety 

© 

Efficacy 



Molecular properties 

• Biotech products are more complex than small 

molecules 

• Large molecules, typically 100 to 1,000 times larger 

than a conventional small molecule drug 

• Possess a fragile 3-dimensional structure 

• Not ‘pure’ homogeneous molecules 

© 



Molecule  Trade name Company  Manufacturer CHMP  

pre-authorisation 

EMEA 

authorisation 

HX575 Binocrit Sandoz Rentschler 

Biotechnologie 

June 07 August 07 

HX575 Epoetin alfa 

Hexal 

Hexal Biotech 

Forschungs 

Rentschler 

Biotechnologie 

June 07 August 07 

HX575 Abseamed Medice 

Arzneimittel Pütter 

Rentschler 

Biotechnologie 

June 07 August 07 

Epoetin 

zeta 

Silapo Stada / 

Bioceuticals 

Arzneimittel  

Stada October 07 December 07 

Epoetin 

zeta 

Retacrit Hospira Stada October 07 December 07 

Biosimilars of epoetin alfa which entered 
the European Union market 



• Most biopharmaceuticals carry the potential to induce an 
immune response during which neutralising antibodies are 
produced either via a rapid reaction to neo-antigens or by a 
slower breakdown of immune tolerance to self antigens, as is 
the case with epoetin-induced PRCA 

• It is not completely clear, however, how B cell tolerance is 
broken 

 



Bone marrow of a patient with PRCA  

From Rossert J et al. J Am Soc Nephrol 15:398-406, 2004 

Normal bone marrow, containing 

polychromatrophilic erythroblasts  

Pure red cell aplasia 
PRCA is a severe, non-regenerative form of anaemia, with selective 

erythroid aplasia of the bone marrow 



   

                                                                         

 

 

 

 

 

 

 

   

  

 
Pure Red-Cell Aplasia and Antierythropoietin Antibodies in Patients Treated 

with Recombinant Erythropoietin 
 

Nicole Casadevall, M.D., Joelle Nataf, M.D., Béatrice Viron, M.D., Amir Kolta, M.D., Jean-Jacques 

Kiladjian, M.D., Philippe Martin-Dupont, M.D., Patrick Michaud, M.D., Thomas Papo, M.D., Valérie 

Ugo, M.D., Irène Teyssandier, B.S., Bruno Varet, M.D., and Patrick Mayeux, Ph.D.  

 

Volume 346:469-475        February 14, 2002        Number 7 

http://content.nejm.org/
http://content.nejm.org/cgi/content/short/346/7/466


Gershon et al. N Engl J Med 2002; 346 (20): 1584  
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Eprex-associated cases 

(outside the United 

States) 
Epogen-associated 

cases (within the United 

States) 

PRCA among recipients of Epoetin according 
to brand, as reported to the FDA 
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PRCA 

Unknown factors 

Patient characteristics Assay technology 

STRUCTURAL PROPERTIES OF rHuEPO 

Sequence variation Changes in glycosylation 

FORMULATION 

Introduction of 

polysorbate 80 (?) 

Length of treatment  

Contaminants 

and  

impurities 



• Section 1 – Anaemia evaluation 

• 1.1 Which patients should be evaluated and when could work-up 

begin? 

• 1.2 What is the appropriate work-up to investigate anaemia in 

CKD? 

• 1.3 Diagnosis of renal anaemia 

• Section 2 – Targets for anaemia treatment 

• 2.1 What are the appropriate Hb targets for anaemia treatment? 

• 2.2 What are the appropriate iron targets for anaemia treatment? 

• Section 3 – Treatment of renal anaemia 

• 3.1 Treatment of anaemia with ESAs 

• 3.2 Treatment of anaemia with iron 

• 3.3 Optimisation of dialysis for treatment of anaemia 

• 3.4 Treatment of anaemia with adjuvant therapies 

• 3.5 Treatment of anaemia through improved nutrition 

• 3.6 Treatment of anaemia by transfusion 

• Section 4 – Failure to respond to treatment/ESA therapy 

• 4.1 Failure to reach or maintain target Hb levels   

• 4.2 Antibody-mediated pure red cell aplasia (PRCA) 

• Appendices 

 

 
EBPG Committee: 

Locatelli F 

Alijama P 

Barany P 

Canaud B 

Carrera F 

Eckardt KU 

Hörl WH 

Macdougall I 

Macleod A 

Wiecek A 

Cameron S 

Locatelli F.Nephrol Dial Transplant, May 2004: Vol 19 (S2) 

Anaemia european best practice 
guidelines 

http://www.era-edta.org/


If antibody-mediated PRCA is confirmed: 

• All forms of ESA therapy should be stopped 

• Immunosuppressive therapy should be started 

• Blood transfusion should be given to patients with complications or 

severe anaemia 

Anaemia european best practice 
guidelines 

Recommendation 

Locatelli F.Nephrol Dial Transplant, May 2004: Vol 19 (S2) 

http://www.era-edta.org/






Locatelli F. et Al Nephrol Dial Transplant 2006, 21, s5: v13-v16 

Consistency in the production 

Guaranteeing consistency in the production of 

these agents has already proved difficult. 

Incidences such as the increased occurrence of 

pure red cell aplasia (PRCA) cases in 1998 

demonstrated how one small change in the 

manufacturing process can alter the product's 

characteristics.  

 



Locatelli F. et Al Nephrol Dial Transplant 2006, 21, suppl5: v13-v16 

         Credible testing of biosimilars 

Standardisation and validation of assays and the 

presentation of data is crucial for future credible 

testing of biosimilars. Nevertheless, only clinical 

studies and post-authorisation pharmacovigilance 

will provide essential evidence for product quality.  

 



J Nephrol 2007; 20: 265 - 267 



F. Locatelli et al J Nephrol 2007; 20: 265 - 267 

EMA Guidelines 

The EMA guidelines urge companies to provide 

data from trials with a biosimilar product produced 

by the manufacturing process that would be used 

for mass production. 

There are concerns, however, that too many grey 

areas still surround the requirements for the 

development of a biosimilar. 

 



F. Locatelli et al J Nephrol 2007; 20: 265 - 267 

Pharmacovigilance plan implementation 

According to the EMA guidelines a large part of 

the decision to approve a biosimilar product is 

based on the developers “convincing” the EMA 

that a suitable pharmacovigilance plan will be 

implemented and that data representative of all 

approved patient groups will be collected. 

 



Fundamental shift in clinical practice 

Approval of biosimilar products based largely on a 

commitment to post-marketing surveillance means 

that clinicians and their patients may no longer have 

the peace of mind afforded by drug approval being 

based on a full pre-marketing testing program.  

In the future, pharmacovigilance may become an 

integral part of the building of all new clinical dossiers. 

F. Locatelli et al J Nephrol 2007; 20: 265 - 267 



Fundamental shift in clinical practice 

This marks a fundamental shift in terms of clinical 

practice: currently a medication is prescribed only 

when physicians have satisfied themselves 

regarding the reliability of the drug’s track record. 

 

F. Locatelli et al J Nephrol 2007; 20: 265 - 267 



    Acceptable pharmacovigilance plan 

The EMEA, while stating that “the sponsor needs 

to discuss possibilities to encourage the reporting 

of adverse events”, has not as yet specified what 

constitutes an acceptable pharmacovigilance 

plan, who will implement it, and who will be 

responsible for establishing and monitoring 

patient registries. 

 
F. Locatelli et al J Nephrol 2007; 20: 265 - 267 



     The costs of safety monitoring 

The costs associated with the time invested in 

such safety monitoring, ensuring the 

implementation of a rigorous pharmacovigilance 

plan, may reduce potential savings from lower 

market prices.  

 

F. Locatelli et al J Nephrol 2007; 20: 265 - 267 



     Biosimilar: uncharted territory  

The EMEA is leading the way through the 

uncharted waters of biosimilars toward the 

creation of a clear regulatory pathway for such 

products. Will reduced initial costs persuade 

prescribers to switch to biosimilars, when the 

remaining unknowns surrounding the efficacy and 

safety of these products could jeopardise their 

ability to provide optimum care? 

 

F. Locatelli et al J Nephrol 2007; 20: 265 - 267 



C Fernandez, A Wiecek, F Locatelli EJHP Practice, 2009/2; 15; 41- 43 

   Considering product storage 

Differences between the biosimilar and the originator product of  

particular relevance which should be considered include: 

•Shelf life under specific storage conditions 

•Length of time that can be maintained at room temperature  

•Concentration 

•Dosage form 

•Excipients used, including stabilisers and preservatives 

 

What critical information related to product storage 

should be considered in the choice of a biosimilar? 



C Fernandez, A Wiecek, F Locatelli EJHP Practice, 2009/2; 15; 41- 43 

                    Conclusions 

• Potential advantages for biosimilars arise from 

increased market competition, and 

consequently, lower drug costs 

• Owing to the manufacturing process, each 

biosimilar can be understood to be unique and 

to have unique properties and this increases 

treatment options. However, critical biosimilar-

originator drug differences concerning efficacy 

and safety data must not be overlooked  

 



C Fernandez, A Wiecek, F Locatelli EJHP Practice, 2009/2; 15; 41- 43 

Conclusions 

• The INN system also makes it difficult to trace 

exactly which drug is being referred to or 

dispensed  

• It is therefore recommended that substitution of 

a biosimilar for either an originator or another 

biosimilar be approached with caution 

 



Review 

 

Assessing the bioequivalence of 

biosimilars: The Retacrit® case  
 

H. Schellekens 

Drug Discovery Today; May 2009 Volume 14 (9-10): 495-9  

 

 

• The number of glycoforms without an O-glycan chain 
was slightly higher for epoetin zeta than epoetin alfa. 

• Amounts of undesired variants of sialic acid, N-glycolyl 
neuraminic acid and O-acetyl neuraminic acid were 
higher in the reference product than epoetin zeta  

• Comparison of the purity and in vivo bioactivity did not 
reveal any remarkable difference  

• There is a batch-to-batch variation in potency in both 
the biosimilar and original product  

 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=gejLink&_linkType=general&_cdi=5020&_issn=13596446&_targetURL=http%3A%2F%2Fwww.elsevier.com%2Flocate%2Fissn%2F13596446&_acct=C000024424&_version=1&_userid=499122&md5=327d0ddb29bfe3ca680b833c68507ea3


ESAs are not a single active ingredient, they are a 
heterogeneous mix of similar isoforms 
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Isoelectric Focusing: epoetin alfa product 

is subfraction of cell culture isoforms 
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Source: Schellekens H, EJHP, 3/2004, Scientific Section, pp 43-47. 

Epoetin alfa from other regions are not 
identical to Eprex® 



Adapted from Kresse (Burg, J. et al. 1998 PCT/EP/98/07876) 
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IEF pattern and sialic 

acid content of the two 

EPOs are very similar 

… but the biological 

activity is very different 

  isoform 2 isoform 2 

Sialic acid 14.0 14.2 

In-vivo activity 226,000 400,000 

(U/mg) 

The carbohydrate 

structures of the two EPO 

isoforms are different 

But, what looks the same may be 
different 



Francesco Locatelli, Adrian Covic, Kai-Uwe Eckardt,  Andrzej Wiecek, and 

Raymond Vanholder; On behalf of the ERA-EDTA ERBP Advisory Board 

• The number of reported cases of PRCA has decreased sharply since 2003 

and with no more cases reported in 2007  

• This may be due to a change in the route of administration, the 

reinforcement of the product cold chain or the elimination of uncoated 

rubber syringe stoppers 

• Regulatory authorities have recently readmitted the SC use of Eprex when 

vascular access is not available in conjunction with an extensive 

pharmacovigilance plan 

Nephrol Dial Transplant 2009 Feb; 24(2): 348-54 

Anaemia management in patients with chronic kidney 

disease: a position statement by the Anaemia Working 

Group of European Renal Best Practice (ERBP)  

 



F. Locatelli et al J Nephrol 2007; 20: 265 - 267 

The case of pure red cell aplasia 

In light of the upsurge in cases of PRCA which has been 

linked to several possible causes including a small, 

deliberate change in the formulation of 1 brand of 

erythropoietin-stimulating agent (ESA), there is increased 

concern about the potential for slight molecular differences 

to have significant immunogenic consequences. 

 



Studio interrotto 
Found 5 studies with search of: HX575 

5 Suspended Randomised, Controlled, Double-blind Multicentre Safety 

Study to Evaluate the Safety and Immunogenicity of 

Subcutaneous EPO HEXAL vs. ERYPO® in the Treatment of 

Anaemia Associated With Chronic Renal Insufficiency in 

Predialysis Patients  

Conditions:  Anaemia;   Chronic Renal Insufficiency 

Interventions:  Drug: HX575 recombinant human erythropoietin alfa;   Drug: ERYPO 



[TH-PO130] The Immunogenicity of Biosimilar 

Recombinant Human Erythropoietin by Subcutaneous 

Injection for the Treatment of Anaemia in Chronic Kidney 

Disease 

 

Kearkiat Praditpornsilpa, Kriang Tungsanga, Somchai Eiam-Ong Division of 

Nephrology, Chulalongkorn University, Bangkok, Thailand 



Kearkiat Praditpornsilpa et al. ASN 2009, poster 

The immunogenicity of biosimilar recombinant human 
erythropoietin by subcutaneous injection 

Methods: 
30 CKD patients who received subcutaneous biosimilar 

r-HuEpo injection and developed sudden loss of efficacy 

were recruited 

Results: 

• Sera of 23 patients were positive for the anti-rHuEpo 

• All cases had bone marrow biopsy showing PRCA 

• The patients' mean age was 61.1 years, and the mean 

duration of exposure to r-HuEpo was 12.1 months 

• All anti-r-HuEpo positive sera showed positive 

neutralising effect 

 



  Safety and efficacy of biologics 

• Unique to biologics is the potential for the body to 
generate an unwanted and lasting immune response   

• The likelihood of an immune response can also be 
influenced by characteristics of the biological product 
itself, such as the formulation (e. g. cell line), stability  
(e. g. protein biophysical characteristics) and 
manufacturing process (e. g. manufacturing site and 
scale) 

• Even the smallest changes in the manufacturing of a 
biological medicine can have an impact on the safety 
and efficacy of the drug 

 
1Wadhwa M. Drug Information Journal. 2007;41:1-10. The PROCESS is the PRODUCT 



    The situation beyond Europe 

• Several countries have adopted the EMA ‘Guidelines on 
Similar Biological Medicinal Products’ in full changes1 

• These guidelines state: 
‘…by definition, similar biological medicinal products are 
not generic medicinal products…’2 

• Each local authority must resolved key issues with the 
introduction of biosimilars 

• Key issues remain 

• automatic substitution 

• pharmaocovigilance 

1TGA. EU guidelines adopted in Australia. Available from: www.tga.gov.au. Accessed Accessed August 14,2009; 
2EMA. Guideline CHMP/437/04. 2005. Available from www.ema.europa.eu/htms/human/humanguidelines/biologicals.htm 

. 

 
 





In the new guideline, similar efficacy between the test 

and the reference product should be ensured for both 

the IV and SC routes of administration, either by 

performing separate clinical trials for both routes or 

by performing one clinical trial for one route and 

providing adequate bridging data for the other route 

(new possibility) 

Biosimilars and regulatory Authorities 

Minghetti P…. Locatelli F. Nephron Clin Pract 2011;117:c1-c7 



Drug Discov Today   2011 Aug 12  

The regulatory framework of biosimilars 

in the European Union  

Paola Minghetti, Paolo Rocco, Francesco Cilurzo, 
Lucia Del Vecchio and Francesco Locatelli 



In the European Union (EU), the regulatory policy for 
biosimilars has enabled different biosimilar products 
to be marketed through an abridged application, 
which allows the applicant to submit a reduced 
dossier.  
Nevertheless, some manufacturers of biological 
products that share some characteristics with copies 
have opted for a full application; therefore, the 
number and extent of clinical studies required in 
these cases is increased.  

The regulatory framework of biosimilars 

in the European Union  

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



We analyse and discuss clinical studies 

submitted to the European Medicines Agency 

that relate to available biosimilars and 

biological medicinal products that are 

authorised with a full dossier.  

We also discuss the issues of 

interchangeability and substitution, given that 

the EU allows each Member State to set their 

own substitution policies 

The regulatory framework of biosimilars 

in the European Union  

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



The application must be accompanied by a dossier 
containing the required data, presented in a standardised 
format, namely the Common Technical Document (CTD).  

The CTD comprises five modules:  

1. Provides specific administrative data  

2. Provides quality, nonclinical and clinical summaries  

3. Provides chemical, pharmaceutical and biological 

information (i.e. quality) 

4. Provides nonclinical reports (i.e. safety 

5. Provides clinical study reports (i.e. efficacy) 

The legislative framework  
MAA of biosimilars  

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



The legislative framework  

MAA of biosimilars  

Several CTD variations, such as production method 

or product specification, can be submitted by the MA 

holder to the competent authority and the 

application can then be implemented generally after 

a positive evaluation 

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



The legislative framework  

MAA of biosimilars  

Provided that significant preclinical or 

clinical studies were carried out in relation 

to the new indication’5) expire, it seems 

unethical and uneconomical to ask other 

applicants to provide a full dossier for a 

copy of that particular medicinal product  
Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



The legislative framework  

MAA of biosimilars  

The comparability exercise is needed to 

generate evidence substantiating the 

similar nature in terms of quality,  

safety and efficacy of the new similar 

biological medicinal product and the 

chosen reference medicinal product 

authorised in the EU  

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



The legislative framework  

The comparability exercise  

The number and extent of comparability 

studies required for granting a MA are 

detailed in guidelines issued by the EMA’s 

Committee for Medicinal Products for 

Human Use (CHMP) 

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



The legislative framework  

The comparability exercise  

These guidelines cover a range of issues, including 
manufacturing, demonstration of comparability for 
quality (module 3), non-clinical (module 4) and clinical 
study (module 5) reports, physicochemical and 
biological analyses and clinical trial requirements, and 
additional data (i.e. toxicological, other non-clinical and 
appropriate clinical data) whose relevance has to be 
determined on a case-by-case basis, owing to the 
complexity and diversity of the products 

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



For every biosimilar product on 

the market, it is possible to identify:  

1. the manufacturer of the biological 

 active substance;  

2. the manufacturer responsible for 

 batch release; and  

3. the MA holder 

Biosimilar Medicines in the EU  

Manufacturing and marketing 

Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



Concluding remarks  

Pharmaceutical companies can submit a 

given molecule with the characteristics of a 

biosimilar as a new application (presenting 

a full dossier) or as an abridged 

application, which makes the concept of 

‘biosimilarity’ even more complicated. It is 

clear that in the latter case, the 

authorisation procedure is less taxing on 

the applicant both in terms of time and 

economics, because fewer clinical studies 

are required 
Minghetti P… Locatelli F Drug Discov Today 2011 Aug 12 



Any decision to employ biosimilar biopharmaceuticals 

should be taken with appropriate knowledge and 

understanding of this complex area by the primary 

responsible physician, after a careful appraisal of the 

advantages and disadvantages of taking this course of 

action, and with appropriate systems for 

pharmacovigilance in place. 

http://www.era-edta.org/


Anaemia management in patients with chronic kidney 

disease: a position statement by the Anaemia Working 

Group of European Renal Best Practice (ERBP)  

Francesco Locatelli, Adrian Covic, Kai-Uwe Eckardt,  Andrzej Wiecek, 

and Raymond Vanholder; On behalf of the ERA-EDTA ERBP Advisory 

Board 

The ERBP Work Group recommends stringent 

pharmacovigilance for biosimilars of epoetin alpha that 

can be administered only intravenously  

Nephrol Dial Transplant 2009 Feb; 24(2): 348-54 



At present the EMEA guidelines are the only clear 

regulatory effort concerning biosimilars (called 

follow-on proteins in the USA) worldwide. However, 

now that patent rights of many biotechnological 

originators are likely to expire in the USA, more in-

depth regulation about copy drugs will be needed also 

in this country. To this end, EMEA’s regulatory 

experience represents an important reference for the 

new policy on biosimilars that the FDA is expected to 

develop in the near future 

Biosimilars and regulatory Authorities 

Minghetti P…. Locatelli F. Nephron Clin Pract 2011;117:c1-c7 

FDA’s Perspective on Biosimilars 


