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The DVFA’s Life Science Commission was set up in 2004 

as a capital market initiative aimed at improving mutu-

al understanding and interaction between Life Science 

companies and capital market participants. 

The Commission analyses interesting and promising 

issues and markets in the Life Science sector for the 

capital market which are highlighted at annual confe-

rences and in regular publications. The present publi-

cation is based on the 3rd DVFA Life Science Conference 

on biosimilars, which took place on June 8th 2010 at the 

DVFA Centre in Frankfurt/Main. The conference attrac-

ted lively interest from investors with around 100 par-

ticipants from Germany and abroad. The publication 

summarizes the specific biosimilar knowledge of the 

speakers, panellists and selected biosimilar experts 

and offers a comprehensive picture of biosimilars from 

a financial, regulatory, legal, corporate and capital-

market perspective.

The aim of this specialist publication is to put capital-

market participants in a better position to assess and 

evaluate the risks and opportunities of the new biosimi-

lars market. As we said already in the Foreword to our 

first specialist publication “Life Science in the Capital 

Market: Focus on Biotechnology”, a capital market dri-

ven by well-informed participants will make it easier 

for companies to raise capital and enable investors to 

participate in the outstanding growth of this promising 

sector.

We hope the publication will provide valuable insights 

and be of great interest.

Fritz H. Rau

Chairman

DVFA e.V.

Foreword
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The 3rd DVFA Life Science Conference on Biosimilars 

in Frankfurt/Main has shown impressively that there is 

lively investor interest for biosimilars or follow-on bio-

logics and that they have now become an important 

sector of the Life Science market. The complexity of the 

new market segment requires a detailed understanding 

of the relevant regulatory, manufacturing, clinical and 

marketing issues. 

The edited volume includes 12 papers from speakers 

and panellists at the 3rd DVFA Life Science Conference 

held on June 8th 2010 and from a number of prominent 

experts in the field of biosimilars. The volume provides a 

comprehensive picture of the evolving biosimilar market 

from the perspective of generic and biotech companies, 

consultants, scientists, lawyers, analysts and investors. 

It offers detailed insights into the market potential, dif-

ferent strategic approaches, biosimilar business models 

and key success factors, counter strategies of innovator 

companies, regulatory hurdles, cost savings potential 

for health insurers, valuation methods for biosimilar 

companies and investment opportunities. A glossary of 

terms and bibliography are also included. 

The publication underlines the increasing importance 

of biosimilars for the capital markets and highlights in 

a clear and well-argued manner the complexity of this 

field. A detailed discussion of significant developments, 

regulatory, manufacturing and marketing challenges 

puts readers in a better position to assess the risks and 

opportunities of this new market segment and select 

interesting investment opportunities.

In view of high growth potential, investor interest is like-

ly to continue to grow even though biosimilars are such 

a complex field. With increased regulatory guidance and 

improved visibility about market potential, the new mar-

ket segment and key players such as Hospira, Novartis, 

Stada and Teva are likely to come even more under the 

spotlight of investors. 

We would like to thank all those who have contributed 

to this publication for their huge commitment and a 

great team effort!

Dr. Christa Bähr                      Dr. med. Markus Manns

Chairs, DVFA Commission Life Science

Introduction
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What is a biosimilar drug?

A biosimilar drug is commonly classified as a protein 

therapeutic with a high level of similarity and compara-

ble structure as well as efficacy to its branded reference 

product. However, the exact definition of biosimilars 

differs among the various regulatory agencies. In con-

sequence, different names are used for “biosimilars”, 

e. g., ‘Similar Biological Medicinal Product’ by EMA, 

‘Follow-on Protein Product’ or ‘Follow-on Biologic’ by 

FDA, ‘Subsequent Entry Biologic’ by Health Canada or 

‘Follow-on Biologic’ in Japan.

A biosimilar is not a generic. The active ingredient of 

a generic is a small molecule which is usually manu-

factured using chemical synthesis. The structure of 

the generic and the original small molecule drug is 

identical. A biosimilar and its originator, however, are 

protein therapeutics – a very complex and significantly 

larger molecule compared to a small generic molecule. 

It is developed using methods of genetic engineering 

and produced in cell lines. As true replications of the 

reference protein drug cannot be established, a bio-

similar is not exactly the same molecule, but shows 

a high level of similarity and a structure compared to 

the reference product. In the past, regulatory agen-

cies struggled to define exactly what a biosimilar is, 

i. e. what “similar” means, and what regulatory routes 

should be followed for market approval. Regulatory 

approval is further complicated by the fact, that even 

minimal changes in glycosylation patterns may reduce 

efficacy or cause side effects (e. g. immunogenicity). 

Compared to generics, the regulatory requirements 

are more complex for biosimilars and approval time 

is much longer. Furthermore, manufacturing and de-

velopment are more complex. Manufacturing requires 

skilled personnel and investments into cell lines and 

bioreactors comparable to original biologics. Develop-

ment requires clinical studies to show “biosimilarity”, 

efficacy and safety (which are not required for gene-

rics) and costs for regulatory approval are therefore 

significantly higher. A typical generic can be develo-

ped for USD 3 – 10 million, whereas a biosimilar costs 

between USD 50 – 100 million.

  

EMA was the first regulatory agency to define a pathway 

for biosimilars. The US has recently introduced a legis-

lative framework for biosimilars.

The current market is relative small

The current market share of biosimilars is only a fraction 

of the sales volume of off-patent biologics. In 2007, 

global biologics market sales totaled USD 86 billion. 

23 % of biologic drug sales thereof have gone off pa-

tent (e. g. human insulin, betaseron), which translates 

into an opportunity of over USD 20  billion in sales 

for biosimilars. However, the actual biosimilar market is 

well below 5 % of this market potential and innovator 

biologics gone off-patent still hold more than 95 % of 

the market volume.

 

The biosimilars market in regulated environments (e. g. 

EU, USA) is currently quite small, with a total of less 

than twenty products launched so far and sales of 

roughly USD 200 million. At present, 14 biosimilars 

from nine companies are approved in Europe and two 

in the US. The first biosimilar approval was human 

growth hormone Omnitrope from Sandoz in 2006. It 

was followed by the biosimilars epoetin alpha, epo-

etin zeta and filgrastim. All 14 European biosimilars 

thus belong to these four classes. Biosimilars have 

been launched in three therapy areas – five biosimilar 

Erythropoetins for the stimulation of red blood cells, 

seven biosimilar G-CSF’s for the stimulation of white 

Dr. Ralf Emmerich, Capgemini Consulting, Germany

Origins and Future of the 
Biosimilars Industry
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blood cells and two human growth hormones for the 

treatment of growth disorders.

In non-regulated markets, there are a host of Indian 

and Chinese manufacturers who have launched over 50 

biosimilar products. The biosimilars market is therefore 

highly fragmented with the top ten players representing 

less than 15 % of the market. The top biosimilar players 

are Sandoz, Bioton, Hospira, Momenta Pharmaceuticals, 

Teva, Stada, LG Life Sciences and Wockhardt. Sandoz is 

market leader with revenues from biosimilars of USD 

118 million in 2009 and five biosimilar launches in the 

US and Europe. Teva published biosimilar sales of USD 

74 million in 2009.

However, with sales of “only” USD 200 million, bio-

similars have so far commercially disappointed.  The 

overall penetration of biosimilar Epogen and G-CSF in 

Europe is still less than 10 %. The exception is Germany 

with penetration rates of 30 – 40%. Physicians are qui-

te reluctant to prescribe biosimilars based on efficacy 

and safety grounds and sales forces have struggled to 

initiate medical discussions and promote the uptake of 

biosimilars. The biosimilar price difference compared 

to the originator is still small and may not yet have 

reached a level which most payers consider attractive. 

For example, the price discount of biosimilar Epoetin 

is roughly 12 %. Furthermore, biosimilars are in most 

European countries not granted automatic substituti-

on, i. e. a pharmacist cannot substitute a biologic with 

a biosimilar.

What will the future look like?

An increasing demand for biosimilars motivated by 

healthcare cost savings, increasing supply, i. e. biologics 

patent expiry and more regulatory approvals are drivers 

for future market growth.

Faced with recessionary pressures, ageing populations, 

and increasingly expensive therapies, governments and 

payers are increasing their efforts to contain healthcare 

costs. Biologics present special challenges to these initi-

atives. The most effective ways to treat many conditions 

such as rheumatoid arthritis, psoriasis and cancer are 

increasingly through novel biologic drugs – and these 

don’t come cheap. For example, the average price for 

a biologic is USD 16,425 p. a., which is more than 20 

times the cost for an average small molecule drug. In 

the future, it will become increasingly more difficult to 

maintain these price levels. NICE, UK´s National Institute 

for Health and Clinical Excellence, has issued recom-

mendations against the use of a series of monoclonal 

antibodies (mAb) based on the lack of cost-effectiven-

ess. Because the prices of biosimilars are approximately 

20 – 30 % below the original biologics, demand for bio-

similars will catch up. Potential cost savings of USD 25 

billion were estimated for the US for 2009 – 2018 by the 

Congressional Budget Office, equivalent to 0.5 % of total 

pharmaceutical spending.

The other lever is on the supply side, as the number of 

biosimilars will increase due to the continuing expiry of 

biologics patents. With more regulatory visibility, more 

companies are expected to enter the biosimilar market 

and the rate of approval of biosimilars should increase. 

Until 2015, 45 biologic drugs worth more than USD 60 

billion in global sales will lose patent protection. For ex-

ample, Enbrel, a fusion protein for rheumatoid arthritis 

will lose patent protection in 2012. The drug is marketed 

by Pfizer (Wyeth), Amgen and Takeda and generated 

global sales of USD 6.5 billion in 2009. Many of the 

expiring blockbusters are monoclonal antibodies (mAb), 

like Remicade (global sales USD 5.3 billion in 2008) and 

Rituxan (global sales USD 5.5 billion in 2008). Therefo-

re, most of the future revenues are expected to come 

from the mAb segment. By 2015, the US/EU market size 

for biosimilars could reach USD 10 billion. It is expected 

that antibodies will represent 40 % of sales and Enb-

rel, Erythropoetin, Insulin and G-CSF each about 10 %. 

The typical market penetration and price decline is ex-

pected to be in the range of 20 %, though variations 

between individual products will occur. For example, 
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a low penetration is expected for biosimilar insulin, 

because the market is dominated by three origina-

tor companies and insulin administration requires a 

range of advanced injection devices, which are still 

patent protected.

What capabilities do successful biosimilar

players need?

The capabilities needed to be successful in the biosi-

milars market are significant and will limit the number 

of entrants in the near to midterm. From Capgemini 

Consulting ś point of view, the key success factors for 

biosimilar players comprise operational capabilities 

and company-specific commitments. 

The following operational capabilities are necessary 

(see figure 1): (1) manufacturing capabilities, (2) clinical 

development experience and regulatory know-how and 

(3) customized sales & marketing skills.

 1. Key success factors in the manufacturing area are:

●  A stable and reproducible multi step cell-based 

manufacturing process

●  Manufacturing capabilities to ensure that bio-

logical activity is maintained for the product 

throughout the process and batch to batch vari-

ability is limited

● Sterile Fill/Finish facilities

●  Product-specific proprietary standards and tests 

to control quality

● Robust supply chain 

● Marketing and logistics support

2.  Clinical development experience and regulatory 

know-how will be based on:

●  Ability to select the right target molecule with 

high sales potential

●  Infrastructure and knowledge to manage the cli-

nical trials process

●  Technical know-how to conduct clinical trials

●  Expertise in immunogenicity and pharmacovigi-

lance studies

●  In-depth understanding of the regulatory guide-

lines

3. Customized sales & marketing skills require:

●  Customized sales and marketing teams speciali-

zing in biologics/ biosimilar drugs

●  Sales force detailing would need to include me-

dical discussions with key opinion leaders and 

physicians

●  Continuous scientific communication and mar-

keting activities for commercialization targeted 

towards the medical community 

● Payer management

Company-specific commitments are needed for a clearly 

defined long-term biosimilar strategy and for significant 

upfront capital investments.

Figure 1: Key success factors for biosimilar players
Source: Capgemini Consulting

Manufacturing
capabilities

Clearly defined
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      biosimilar
             strategy
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Key success factors for a long-term biosimilar strategy are:

●  Long-term commitment to venture into the bio-

similar market

●  Greater consideration towards investments, mar-

keting, development and manufacturing

●  Competitive intelligence on biologics and pipe-

line analysis of the competitors

Significant upfront capital investments are needed be-

cause of:

●  High upfront investments for manufacturing

●  A combination of high manufacturing costs, 

lengthy clinical trials, slow approval rates and 

high promotional costs that increase the upfront 

investments

●  Long gestation period with high risk of rejection 

by regulatory bodies

What are the emerging biosimilar business models?

Four different groups of companies have entered the 

biosimilar market: generic companies, big pharma com-

panies, emerging market players and small biotechs 

(see figure 2). 

Some of the classical generic companies have ente-

red the biosimilar field quite early and are current-

ly the frontrunners. Sandoz and Teva are the most 

active companies, followed by Stada, Hospira and 

Mylan. Sandoz, a Novartis company, follows an orga-

nic growth strategy investing in R&D and manufactu-

ring capabilities. Building on its extensive production 

know-how (Sandoz produced 25+ different recom-

binant human proteins for own distribution and for 

other pharma companies), its strong R&D capabilities 

and expertise, Sandoz has about 25 biosimilar deve-

lopment projects. Teva follows a strategy of inorga-

nic growth with the acquisition of generic companies 

such as Ratiopharm, Pliva/Barr, CoGenesys and Sicor 

and the collaboration with protein manufacturers 

such as Lonza. Large generic companies seem to be 

best positioned, because they have a strong financial 

position, the necessary experience to deal with regu-

latory agencies as well as an extensive distribution 

infrastructure and payer management skills. 

Big pharma companies show a mixed picture: whereas 

companies like Merck & Co, Pfizer, AstraZeneca and 

Lilly announced plans to enter the biosimilar business, 

others such as J&J and Amgen seem to be opposed 

to biosimilars. Only Merck & Co has made obvious 

moves to enter the field by establishing its BioVentures 

division in 2006 to focus on biosimilar and biobetter 

products, and by acquiring the biosimilar companies 

Insmed and GlycoFi. These acquisitions provided ma-

nufacturing facilities as well as a biosimilar pipeline 

including G-CSF, pegylated G-CSF, interferon beta and 

EPO. Big pharma companies, though well positioned, 

often lack the experience required for the production 

of biological products. 

Emerging market players and small biotechs have a 

much weaker financial position and often have inade-

quate experience in clinical development, regulatory af-

fairs as well as promotional and marketing campaigns. 

What is more, they have no distribution network. For 

emerging market players like Biocon and Intas, it has 

proven rather difficult to enter the more regulated mar-

kets, which can be attributed to a lack of resources and 

expertise in clinical development and regulatory affairs. 

They will need to form alliances with larger players for 

clinical development, regulatory approval, marketing 

and sales. One such example is the alliance of Biocon 

with Mylan for clinical developing and commercializi-

ng biosimilars. Similar considerations apply for small 

biotech companies and partnering with larger generic 

players seems to be a win-win situation for both parties. 

As an example, US-biotech company Momenta Phar-

maceuticals partnered biosimilar Lovenox with Sandoz 

and gained recently US approval.
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Communication is key for success

Communication with regulators is going to be vital for 

biosimilar developers. Particularly considering the ab-

sence of universal guidelines, biosimilar developers 

need to involve regulators as early as possible in the 

development cycle to gain knowledge about the likeli-

hood of approval of a specific product. The risk attached 

to developing biosimilars is unacceptable without this 

knowledge, since unexpectedly onerous approval requi-

rements could destroy the business case for the drug. 

However, the future looks promising. Governments, pay-

ers and patients want to see a vibrant biosimilar sector 

driving down the costs of expensive biologic agents. 

Dr. Ralf Emmerich

Ralf Emmerich is Managing Consultant in the Life Sciences Sector of Capgemini Con-

sulting. He leads strategy projects in the areas of research & development, technology 

transfer, market access, post-merger integration, mergers & acquisitions, organization 

and processes in all Life Sciences sub-segments like pharma, medical devices and ag-

ribusiness. He is in charge of Capgemini’s biotechnology projects at Central European 

level. Prior to joining Capgemini, Ralf was an investment manager at a venture capital 

company and worked as an equity analyst at an investment bank in Frankfurt. He is a 

member of the DVFA Life Science Commission and was supervisory board member of 

Combinature Biopharm AG and the EMBL Technology Fund. Ralf studied biochemistry 

and economics in Bayreuth, Paris and Zurich.
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Figure 2: Characteristics of biosimilar players               Source: Capgemini Consulting

low medium high

DVFA-Broschur.indb   12 11.11.2010   12:10:06 Uhr



13Regulatory Requirements and Challenges for Biosimilars in Europe  |

Definitions: Biosimilars are not Biogenerics

Development programmes for biologicals are conducted 

with a particular molecule as active substance being 

unique in their structure and mode of action (e. g. prote-

ins such as somatropin, or polysaccharides such as low 

molecular weight heparin products). Manufacturers of 

biosimilars do only have access to the finished reference 

product and have to develop own strategies to produ-

ce a similar drug. Minor changes of the manufacturing 

process or changing the molecule-producing host cell 

system can result in changes in the secondary, tertiary, 

and quaternary structures of the protein and affect post-

translational modifications (glycosylation, acetylation, 

phosphorylation). For example, a biosimilar for human 

growth hormone is produced in Saccharomyces cerevi-

siae, whereas the comparator is produced in Escheri-

chia coli without any posttranslational modifications. 

The products are biologically similar (“biosimilar”), but 

not identical, i. e. not “biogeneric”. At the same time, 

it is critical that the manufacturing procedure of the 

approved reference product does not change during the 

development phase of the biosimilar. Synonyms for bio-

similars are “Subsequent Entry Biologicals (SEB)” used 

by the Canadian federal authority, and “Follow on Pro-

tein Products (FOPP)” or “Follow on Biologicals (FOB)” 

used by the FDA. 

The Regulatory Framework for Biosimilars

In 2006, the first biosimilar (Omnitrope, active subs-

tance is recombinant human growth hormone) was 

marketed in the European Union. In total, 14 biosimilar 

products based on 4 reference products have been ap-

proved in the EU, so far. However, a remarkable number 

of applications for different biosimilars were rejected or 

withdrawn due to insufficient quality of the data sub-

mitted or due to lack of data. For example, a negative 

opinion for Alpheon from Biopartners was given as it 

was not considered biosimilar to Roferon A because of 

substantial lack of quality data and safety issues. There 

were not enough stability data, validation issues in the 

production process, more patients experienced a return 

of the disease after stopping treatment with Alpheon 

than with the reference medicine, more side effects were 

reported with Alpheon, a test used in the study to inves-

tigate the potential for the medicine to trigger an immu-

nological response had not been sufficiently validated. 

Even for other biosimilar products, which have already 

been approved, certain data required according to cur-

rent guidelines e.g. demonstration of the lack of immu-

nogenicity, were missing at the time point of assessing 

the Marketing Authorization Application (see Schneider 

& Kalinke, Nat Biotechnol. 2008;26(9):985 – 909).

To ensure the quality, safety and efficacy of a biosimilar 

for the intended therapeutic use, a number of guidelines 

have been established by the EMA to support the ma-

nufacturer of a biosimilar from the very beginning of the 

drug development program on (see also Figure 1).

●  The “overarching” guideline on similar biological 

medicinal products (CHMP/437/04) – general requi-

rements to demonstrate the similar nature of two 

biological medicinal products. 

●  Guideline on similar biological medicinal products 

containing biotechnology-derived proteins as active 

substances: quality issues (EMEA/CHMP/49348/05) – 

quality issues relevant for demonstration of compa-

rability for similar biological medicinal products.

●  Guideline on similar biological medicinal products 

containing biotechnology-derived proteins as active 

substance: non-clinical and clinical issues (EMEA/

CHMP/BMWP/42832/2005) and the guideline on cli-

nical investigation of the pharmacokinetics (PK) of 

Prof. Dr. Marietta Kaszkin-Bettag, PharmaLex GmbH, Germany

Regulatory Requirements and 
Challenges for Biosimilars in Europe
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therapeutic proteins (EMEA/CHMP/89249/04/in pre-

paration) provide suggestions for PK/PD studies and 

non-clinical and clinical efficacy and safety studies 

with biosimilars and the reference product in the 

patient population.

●  Further guidelines are established for specific sub-

stance classes of biosimilar products, like somat-

ropin, erythropoietin (EPO), G-CSF, and alfa interfe-

rons, or under preparation for Follitropin alpha, beta 

interferons. They define product class specific data 

requirements for non-clinical and clinical studies 

(listed in CHMP/437/04). 

●  Recently, the EMA released the first documentary 

step on the pathway to developing a guideline for 

comparability testing of biosimilar monoclonal anti-

body products (EMEA/CHMP/BMWP/632613/2009).

It is assumed that the future FDA guidelines will reflect 

the EMA biosimilar guidances. FDA has held a hearing 

on biosimilars at November 2nd 2010. The recent US ap-

proval of biosimilar enoxaparin (Lovenox) from Sandoz/

Momenta Pharmaceuticas has been an important miles-

tone. The drug was approved as generic without clinical 

studies, a post-market pharmacovigilance program is 

not required and automatic substitution is allowed. 

The Comparability Exercise – are the products biosimilar 

and interchangeable?

The overall goal of drug development should not only 

be to prove biosimilarity but to demonstrate the benefit 

for the patients. The interchangeability of these medicinal 

products is a challenge as high biosimilarity with com-

parable clinical results in any patient is expected by the 

health care practicioners and the patient. The decision 

for the health care practitioner to switch from the original 

product to a biosimilar strongly depends on the reliability 
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Nonclinical

Clinical

Nonclinical

Clinical

Nonclinical

Clinical

Nonclinical

Clinical

Nonclinical
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Figure 1: Biosimilar Guidelines             Source: EMA, PharmaLex
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that the biosimilar has the same therapeutic effect and 

that there are no safety issues. In addition, the medico-

economical environment should allow physicians to take 

a free and informed decision about the type of product to 

be prescribed. Therefore, comparability studies are nee-

ded to provide evidence for the biosimilar product and 

the chosen reference product. However, the validity of the 

current criteria for comparability and interchangeability of 

biosimilars and their reference products remains contro-

versial. For example, for the currently approved biosimilars 

of recombinant human growth hormone, long-term effica-

cy and tolerability in all indications has not been proven 

to the same degree as for the reference products (Declerck 

et al. Curr Med Res Opin. 2010;26(5):1219-1229). Only if 

sufficient evidence is given to substantiate the claim of si-

milarity with respect to quality, clinical efficacy and safety, 

a Marketing Authorization can be granted. NICE determi-

ned recently that all biosimilar human growth hormones 

available in UK are interchangeable. It was stated that 

“the least costly product that, after discussion between 

the responsible clinican and the patient and/or their carer, 

has been agreed to meet the needs of the individual child 

and to maximise the likelihood of adherence to treatment 

should be chosen”. A decision of interchangeability was 

made also in Norway for G-CSF (filgrastim-containing pro-

ducts). It is important to consider here that in the EU, 

biosimilars are not substitutable, i.e. biosimilars are not 

part of the aut idem regulation at the pharmacist level.

Quality

Comparability testing should include structural charac-

terisation, physicochemical properties, biological acti-

vity, purity and impurities. Appropriate and sensitive 

methods should be selected by the manufacturer to 

sufficiently demonstrate comparability between the re-

ference molecule and the biosimilar compound. 

Is it a biosimilar or a new drug product? If the compara-

bility criteria to a reference protein are not fully presen-

ted, the biosimilar product will be assessed as a newly 

developed drug and be submitted as a ‘stand-alone’ 

application as per article 8(3) of Directive 2001/83/EC. 

For example, the change in formulation of an once daily 

subcutaneous immediate-release human growth hormo-

ne to an once-weekly sustained-release product requires 

a completely new set of cinical data.

Non-clinical studies

The guidelines suggest comparative non-clinical studies 

to detect differences in the biological responses between 

the biosimilar and the reference product. This includes 

pharmacodynamic (PD) studies like receptor-binding as-

says or cell-based assays as well as animal studies. At 

least one 4 week repeat dose toxicity study in a relevant 

species should be performed. A special focus should be 

made on potential immunological responses. In additi-

on, local tolerance testing at the injection site should be 

performed. Normally, other routine toxicological studies 

such as safety pharmacology, reproduction toxicology, 

mutagenicity and carcinogenicity studies are not requi-

red for similar biological medicinal products.

Clinical studies

A clinical program for a biosimilar should have the pri-

mary aim of establishing ‘similarity’ and thus might be 

abridged compared with full clinical development of a 

new drug. However, if biotech drugs were developed as 

biosimilars, but exert differences in efficacy or safety 

profile representing a substantial advantage compared 

to the reference product, a stand-alone application for 

these so called biobetters is required.

The typical crossover design for PK studies may not be 

appropriate for therapeutic proteins with a long half-life, 

e. g. therapeutic antibodies and pegylated proteins, or 

for proteins for which formation of anti-drug antibodies 

is likely. The choice of the PK study design has to be 

justified by the applicant. A comparison of all relevant 
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pharmacokinetic parameters should be provided prefe-

rably in the patient population. In addition to similarity in 

absorption / bioavailability, differences in distribution as 

well as elimination characteristics between products e. g. 

clearance and elimination half-life should be explored.

The PD markers should be selected on the basis of their 

relevance to demonstrate therapeutic efficacy of the pro-

duct. It is recommended to integrate the PD markers as 

surrogate markers in the clinical efficacy trial, if therapy-

induced changes of that marker can explain changes in 

clinical outcome to a large extent. Different doses of 

the study drugs should be tested. For selection of the 

reference product, sufficient knowledge of its PD and 

PK properties should be available and bioequivalence 

needs to be demonstrated. Usually, a range between 

80 and 125% equivalence as established for generics is 

acceptable. For example, PK studies performed with the 

EPO biosimilar Retacrit revealed an AUC 80 – 125 % and 

a Cmax
 70 – 143 % of the reference product.

Usually, one comparative clinical trial is required to de-

monstrate clinical comparability between the biosimilar 

and the reference medicinal product. However, it will 

be impossible to demonstrate 100% equivalence as for 

this, the trials would need to be very large. Therefore, 

acceptable clinical comparability margins should be pre-

specified and justified according to ICH E9 – Note for 

guidance on statistical principles for clinical trials (CPMP/

ICH/363/96). Scientific Advice for the clinical trial design 

including the statistical design is highly recommended. 

Retacrit for example, was appoved on the basis of two 

phase III trials in 1200 patients with renal and chemo-

therapy induced anemia as it could be demonstrated 

that the hemoglobin concentration was comparable with 

the reference product and no safety concerns regarding 

pure red cell aplasia were raised as no EPO neutralizing 

antibodies were detected. With respect to the safety, 

the biosimilar product may exhibit differences in the sa-

fety profile, although the efficacy has been shown to be 

comparable. Therefore, the number of patients in clinical 

studies conducted to obtain a Marketing Authorization 

should be planned at a level high enough to get a broad 

picture of the adverse effect profiles of the test and the 

reference product. A comparison of the type, severity and 

frequency of the adverse reactions between the biosimi-

lar and the reference products has to be provided.

The manufacturer of a biosimilar must minimize the im-

munogenic potential of the protein. The immunogenicity 

of a biosimilar must always be investigated. Immuno-

genicity may be a greater problem for antibodies and 

beta interferons and less of a problem for human growth 

hormones, EPO and C-GSF’s.

A risk management/pharmacovigilance system has to be 

established in accordance with current EU legislation and 

pharmacovigilance guidelines to closely monitor the safety 

of similar biological medicinal products during the post-ap-

proval phase including continued benefit-risk assessment 

(Guideline on risk management systems for medicinal pro-

ducts for human use, EMEA/CHMP 96286/2005. ICH Note 

for guidance on planning pharmacovigilance activities, 

CPMP/ICH/5716/03 – Final approval by CHMP on PHV).

Recent Developments –

Biosimilar Monoclonal Antibody Products

As mentioned above, the EMA recently released the first 

documentary step on the pathway to developing a gui-

deline for comparability testing of biosimilar monoclonal 

antibody products (EMEA/CHMP/BMWP/632613/2009). The 

need for this guideline arose with the question, whether 

the existing framework for biosimilars in Europe is appli-

cable to monoclonal antibodies. A comprehensive discus-

sion of this issue has been published by Schneider and 

Kalinke 2008. Currently authorised biosimilars must have 

identical primary structures to their reference products, i. e. 

their amino acids sequences should be identical. However, 

it is impossible to apply this feature to monoclonal anti-

bodies as they represent a far more complex structure. 

Schneider and Kalinke (2008) stated that according to the 

overarching guideline, in practice, the success of a biosi-
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milar development approach for mAbs will depend on the 

ability to demonstrate the overall similarity of the product 

concerned with its reference product, i. e. to show the the-

rapeutic effectiveness of the biosimilar mAb for the inten-

ded use. The difficulty to demonstrate clinical similarity to 

a reference mAb means that the decision to authorize a 

product as a stand-alone product or as a biosimilar needs 

to be taken at an early stage in product development. In 

Europe, the pathway for the approval for biosimilars of 

recombinant growth hormones, alfa interferons, EPO and 

G-CSF is well established. EMA is currently working on 

guidelines for biosimilar antibodies and beta interferons. 

There is still controversy around appropriate end-points for 

clinical trials. One possibility could be that EMA feels com-

fortable approving biosimilars based on surrogate markers 

for TNFalfa inhibitors or beta interferons and requiring 

either response rates or mortality studies for cancer 

antibodies. Requiring survival/mortality endpoints might 

be too expensive for many biosimilar companies. On the 

other side, relying on surrogate endpoints might not be 

enough to convince physicians and patients to use the 

biosimilar (source: EGA Biosimilar Meetings, Ronny Gal, 

Bernstein Research, September 2010).

Most of the current patent expirations concern murine 

or chimaeric antibodies that seem to have an immu-

nogenic potential, and the development of biosimilar 

mAbs does not seem to be advisable. In such cases, the 

development of newer antibody formats that facilitate 

the development of improved (or second-generation) 

mAbs might be more desirable. Assay development has 

reached a stage where comparability testing of two mAb 

products should now be possible. Indeed, biosimilar 

monoclonal antibody products are currently being deve-

loped and CHMP has already given companies scientific 

advice for the development of individual products.

 

Communication with Authorities

The European Working Party on similar biological medi-

cinal products (BMWP) has been established – amongst 

other tasks – to provide Scientific Advice on general 

and product specific matters related to efficacy, safety 

and comparability of similar biological medicinal prod-

ucts (mandate, objectives and rules of procedure for 

the working party on similar biological medicinal pro-

ducts (BMWP). EMEA/CHMP/80650/2004).

To avoid negative response to the MAA, it is strongly 

recommended that companies intending to develop bi-

osimilars, and particularly biosimilar monoclonal antibo-

dies, seek regulatory scientific advice in the EU early in 

the drug development process. The EMA Scientific Ad-

vice Procedure could provide useful feedback to devel-

opers of biotechnological products, allowing repetitive 

requests for scientific advice during development.
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1. Introduction

Biotechnological drugs are very complex products. This 

is true for the patented original drugs as well as for 

biosimilars. As such, it is regularly emphasized that in 

this particular part of the biopharmaceutical industry 

“the product is the process”. This complexity on the 

underlying factual level leads to a corresponding com-

plexity on the level of legal regulation of these products. 

The legal complexity results from the factual complexi-

ty. This chapter will provide an overview of the legal 

environment of biologics in general and biosimilars in 

particular. This legal framework is relevant for all market 

players interested in these products.

The biosimilars market has turned out to be more dif-

ficult than initially expected. Nevertheless, it is a gro-

wing market with increasing commercial relevance and 

size. A quick look at the market size and the revenues 

of the major biologic drugs combined with their ex-

pected patent expiry dates of these biologic drugs de-

monstrates that it is foreseeable that the market size 

for biosimilars will grow significantly in the near future 

(see Table 1). 

With the upcoming patent expiries in the biologic drugs 

market, the growth potential of the biosimilars market 

increases correspondingly. To exploit the potential of 

this market, companies and investors will need to be 

familiar with the governing legal regulation of these pro-

ducts. Correspondingly, at the same time manufacturers 

of patented biologic products should be familiar with 

the legal instruments available to protect their products 

from biosimilar competition. Legal options for such pro-

tection are not only based on patent law but also on 

regulatory, pricing and reimbursement laws. 

Overall, the combined knowledge of the scientific par-

ticulars and the familiarity with the legal regulation 

governing the biologics market is of paramount im-

portance for biopharma companies and investors in 

this market. 

2. Legal and IP aspects 

The market for biologic drugs is governed by an inter-

woven set of cross-jurisdictional regulation which takes 

place on the international and the national level. A num-

Dr. iur. Dr. med. Adem Koyuncu, Mayer Brown LLP, Germany

Biosimilars – Legal, IP 
and Transactional Aspects

Product Therapeutic Area Global Sales (USD, 2009) Patent Expiry (USA)

Epo alpha Oncology/ESA 5.9 Bn 2015

Etanercept Rheumatoid arthritis 5.9 Bn 2012

Infliximab Rheumatoid arthritis 5.4 Bn n/a

Adalimumab Rheumatoid arthritis 5.9 Bn 2016

Bevacizumab Oncology 4.9 Bn 2019

Rituximab Oncology 4.6 Bn 2015

Insulin glargine Diabetes 3.9 Bn 2014

Trastuzumab Oncology 3.8 Bn 2019

Pegfilgrastim Oncology 3.7 Bn 2015

Insulin Aspart Diabetes 3.3 Bn 2017

Table 1: Major biologic products                Source: Hospira, Inc.
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ber of legal areas are of practical relevance for these 

products and are briefly highlighted in the following.

 

2.1  Patent and other IP laws

Patent law is one of the central legal fields impacting 

biosimilars and the biologics market in general. Patents 

are of central importance for biologic products. For bio-

logic products, patents play an even more important 

role than for synthetic chemical drugs. As a key aspect, 

for biologic drugs patents are not only relevant for the 

molecules and drug indication but also – and not less 

important – for the manufacturing process. 

Usually biologic drugs and their manufacturing proces-

ses are protected by a large number of patents. These, 

among others, also include formulation patents and pa-

tents covering the medical devices used for the delivery 

of the drugs.

In addition to patents, further intellectual property 

rights are relevant in the context of biosimilar busi-

ness. For example, trademarks, trade-secrets, copyrights 

or utility models (registered design) have to be taken 

into account. In German judicature, lawsuits are known 

involving biosimilars in which the claimant biologics 

company alleged that its utility model for the stabiliza-

tion of the active substance in a solution was infringed 

by a competitor. As the manufacturing and stabilization 

processes are key elements for all biologic drugs, it is 

evident that the outcome of such lawsuit will determine 

the future prospects of the whole product envisaged.

In addition, further IP-related aspects relevant for bio-

similars are the “data exclusivity” and the „market ex-

clusivity“ regulation:

●  To be entitled to claim “data exclusivity” by a pa-

tented (reference) drug owner leads to the conse-

quence that competitors cannot rely on the paten-

ted (reference) drug owner‘s clinical data when the 

biosimilar producers intend to file a marketing au-

thorisation application. The data exclusivity terms 

vary from country to country. In the EU, patented 

drug owners are basically granted 8 years of data 

exclusivity, while in the USA the data exclusivity pe-

riod is 4 years. 

●  “Market exclusivity” regulates that the approval of a 

marketing authorisation application for a biosimilar 

that relies on the data of a prior patented (reference) 

biologic drug is delayed for the period of market ex-

clusivity. The market exclusivity also varies depending 

on the jurisdiction and needs to be reviewed carefully. 

In the EU, a period of 10 (up to 11) years applies while 

in the USA 12 years market exclusivity is granted.

2.2 Drug law

For marketing of biosimilars a marketing authorization 

is necessary. To obtain such marketing authorization, 

the drug has to comply with the requirements of the 

regulatory drug laws. These regulatory provisions also 

set out the manufacturing, labeling, packaging, marke-

ting and safety monitoring of these products. Drug law 

in the EU consists of a set of legal rules on the EU and 

the national level. These rules are interrelated. As with 

patent law, the knowledge of the applicable drug laws is 

key for a successful market entry of a biosimilar. On the 

other hand, the profound knowledge of the possibilities 

based on the drug laws can enable manufacturers of 

patented drugs to protect their market position (in addi-

tion to the options they have based on patent law).

For biosimilars in the EU, a centralised marketing autho-

risation procedure exists. The competent authority is the 

European Medicines Agency (EMA) in London. The EMA 

has issued specific guidance documents that apply for 

biosimilars and are aimed to provide for a regulatory 

pathway for biosimilars and which have to be taken into 

account by manufacturers when applying for a marke-

ting authorization for a biosimilar.  
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The drug laws depend on the market where the marke-

ting authorization application is filed. In the EU, the mar-

keting authorization procedure is harmonized. In other 

countries and markets, other regulatory rules have to be 

followed and further requirements have to be met (e.g. 

in the USA, the biosimilar manufacturers have to provide 

data regarding the interchangeability/substitutability of 

their product with the original reference product).

2.3 Clinical trials and research regulation

In conjunction with drug laws, the rules governing cli-

nical trials and research are also of practical impact on 

biologic drugs in general and biosimilars, in particular. 

Clinical trials are much more relevant for biosimilars 

than for generic drugs with chemical molecules as the 

grant of a marketing authorization for biosimilars de-

pends much more on sufficient clinical data (regarding 

the “similarity”) than this is the case for generics of 

chemical drugs. 

2.4 Pricing and reimbursement regulation

After the conduct of clinical trials and obtaining the 

marketing authorization for a product, the crucial ele-

ment for the product’s market potential is linked with its 

pricing and reimbursement options after market access. 

The regulation of pricing and reimbursement of biophar-

maceuticals varies significantly from country to country. 

Different legal and market access concepts have to be 

analysed for different markets. In summary, a successful 

market access strategy for all drugs requires a careful 

legal analysis of the pricing and reimbursement rules. 

Biosimilar manufacturers will have to analyse the pricing 

strategies of the manufacturers of the patented biologic 

drugs whereas the latter have to analyse the biosimilar 

competition. For manufacturers of the patented biologic 

drugs, the instruments of the pricing and reimbursement 

regulation provide options to face the biosimilar com-

petition. In the realm of pricing and reimbursement, the 

need for drug companies increases to establish working 

relationships with further stakeholders and healthcare 

market players who are involved in the decision-making 

with respect to pricing and reimbursement (e. g., social 

insurance funds, health technology assessment organi-

zations (like the NICE in the UK), physician and patient 

organizations, etc.).

2.5 Competition and marketing regulation

After market access, the relevance of competition and 

marketing regulation for biosimilars increases subs-

tantially. In this legal field, specific rules exist that 

govern and restrict the advertisement and marketing 

for drugs and, in particular, for prescription drugs. The 

competition and marketing regulation is, in general, 

an important legal field for the pharmaceutical indus-

try as this is a highly competitive market. With res-

pect to biosimilars, patented drug manufacturers will 

consider using legal instruments against biosimilars 

whereas biosimilar companies have to set up specific 

marketing models. It is foreseeable that there will be 

an intensive competition between biosimilars and the 

original patented drugs. Given that patented biologics 

and biosimilars are – other than with chemical drugs 

– not interchangeable per se, companies active in the 

biosimilar market will need to develop specific and 

from legal perspective more tailored marketing con-

cepts for their products. 

Competition courts in Germany regularly have to handle 

lawsuits in which the manufacturers of patented biolo-

gics and of biosimilars claim that the other party has 

committed unfair competition by claiming certain posi-

tive attributes for their drugs or certain negative attribu-

tes for the other party’s drug (e. g., a biosimilar company 

claimed that its biosimilar has an “equivalent safety 

profile” as the patented drug – the biosimilar company 

lost the case). With the increasing market relevance of 

biosimilars, such litigation will increase as well. 
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2.6 Other relevant legal areas

The practice of biopharmaceutical business is also in-

terrelated with the regulation of healthcare professi-

onals. The interaction between healthcare companies 

and medical doctors is subject to the regulation by the 

professional rules and general legal compliance requi-

rements. For example, the professional rules allow me-

dical doctors to prescribe biosimilars even though the 

drugs are not generally interchangeable. Thus, biosimi-

lar manufacturers will need to convince medical doctors 

to prescribe their products as an alternative to the pa-

tented reference product. This interaction with medical 

doctors is regulated by the said professional rules so 

that companies need to observe these as well.

Among the other fields that are or may become relevant 

for biosimilar manufacturers the medical devices laws 

should only be mentioned here. As such, the medical 

devices law is relevant for the devices used for the de-

livery of the biologic drugs (e. g. pens for the injection 

of drugs). 

2.7 International regulation 

In the course of the due diligence of the regulation 

applicable to a particular biologic, differences in the re-

gulation depending on the specific market and country 

need to be taken into account. As noted above, in the 

EU, biosimilars and their approval are regulated by com-

munity wide legal provisions and guidance documents 

issued by the European Medicines Agency. The Agency 

is currently working on developing further guidance do-

cuments specifically applicable to biosimilars (e.g., for 

monoclonal antibodies).

Specific regulation governing biosimilars and their market 

approval also have been enacted in other major markets 

in the world. As such, in the USA the “Biologic Price 

Competition and Innovation Act” (“Biosimilar Act”) has 

been enacted on 23 March 2010. This new Biosimilar 

Act was part of the intensively debated US Healthcare 

reform and provides for a general framework for FDA ap-

provals of biosimilars. It further includes specific rules for 

the management of patent infringement issues resulting 

from biosimilar applications. The new US Biosimilar Act  

establishes standards for the application and approval of 

biosimilars and also sets out terms for data and market 

exclusivity. It further requires biosimilar manufacturers to 

disclose relevant patent information after the submission 

of a marketing authorization application. Based on this 

information complex and time-sensitive requirements ap-

ply for the management and resolution of patent infringe-

ment disputes with patented reference biologic owners.

A proper due diligence will have to include these various 

legal aspects that are attached to biologic drugs as a 

particular group of healthcare products. 

3. Transactional aspects 

The above presented legal aspects have to be conside-

red in all types of transactions involving biologic drugs 

and companies manufacturing, selling or licensing such 

drugs. With the increasing market relevance of biosi-

milars, these considerations will gain more practical 

relevance.

3.1  Types of transactions

Types of transactions may include classic mergers and 

acquisitions involving biosimilar manufacturers. Also, 

asset deals with respect to a particular product (product 

acquisition) or involving, for example, manufacturing fa-

cilities are possible types of transactions.  Biosimilars 

and manufacturers of such products will also become 

more interesting targets for the capital market with res-

pective activities (e. g., IPO, private placement, venture 

financing etc.). 

In addition to the corporate and capital markets acti-

vities, specific partnering models (including corporate 
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partnering) and strategic alliances play prominent roles 

in the life sciences industry. These, among others, in-

clude

● R&D-partnerships 

●  Licensing relationships (e. g. one-way licensing or 

cross-licensing)

● Technology transfer relationships  

● Co-Marketing relationships 

● Co-Promotion relationships

● Strategic supplier-cooperations

In general, it can be differentiated between contract-

based alliances and equity-based alliances. Thus, inte-

resting models for such partnering models and strategic 

alliances are also joint ventures, minority investments 

or cross-shareholding constellations. 

One central upside of such cooperations from a com-

mercial perspective is the shared risk as – particularly in 

the early stage partnering and strategic alliances – both 

strategic partners face a considerable level of uncer-

tainty with respect to the commercial and regulatory 

prospects of the product. 

On the other hand, the tradeoff of such partnering and 

strategic alliances is that the partners incur a potential 

„relationship risk“ with respect to commercial and legal 

aspects. Therefore, a sound and thorough due diligence 

before entry into such investments is key to a sustaina-

ble and well-arranged transaction. 

 

3.2  Due diligence

As already mentioned, the due diligence is the central 

tool to assess the value and the potential risks of the 

respective transaction. This is true for all types of tran-

sactions mentioned in the foregoing sub-chapter. The 

due diligence will regularly include a broad range of 

aspects. Among others, relevant fields to be covered 

include:

● Commercial/Business Due Diligence

● Legal Due Diligence

● Regulatory Affairs Due Diligence

● Medical Affairs and Clinical Due Diligence

● Financial Due Diligence

● Tax Due Diligence 

Depending on the stage of the target product, for the 

due diligence before an in-licensing or acquisition it can 

be further differentiated between the due diligence of 

an approved product and the due diligence of a product 

still under development. Different (further) aspects be-

come relevant depending on this stage. For an approved 

product, among others, the known market performance 

and market potential, the cost of goods, the market en-

vironment (competition) are central aspects in addition 

to the legal and regulatory considerations. For a product 

under development it is central to understand the proof 

of concept and the stage of the product’s development 

or of particular processes (e. g. manufacturing). For a 

product under development also additional legal and 

regulatory pitfalls have to be scrutinized.

3.3  Legal due diligence

The legal due diligence has to cover a broad range of 

aspects whereby the individual relevance and weight 

of these depend on the particular transaction. Among 

others, following aspects should be noted:

● General corporate aspects 

● Organizational aspects

● Legal disputes and exposures 

● Contracts and obligations

● Employment and pensions 

● Insurances

● Environmental

●  Compliance issues (e. g, interaction with healthcare 

professinals, anti-corruption)

●  Permits and licenses (e. g., regarding manufacturing 

facilities)
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●  Biosimilar-specific legal and intellectual property as-

pects (See the points mentioned in sub-chapter 2 in 

this article above)

The central element of the due diligences in the life 

sciences and healthcare market is the IP due diligence. 

This is particularly true for transactions involving bio-

logic drugs where the relevance of patents goes far 

beyond the products itself (see above). In the course of 

the IP due diligence, the patent and IP status as well 

as exclusivity terms have to be analysed. Further, the 

enforceability of these IP rights need to be determined. 

Correspondingly, the potential IP risks need to be eva-

luated (e. g., litigation risks, loss of exclusivity). 

The legal and IP due diligence should also include the 

review of possible opportunities to enhance the IP 

position by analysing respective options (e. g., patent 

term extensions in key markets). Potential patent and 

IP issues or uncertainties detected in the legal due dili-

gence can affect the overall value of the target. On the 

other hand, many such findings can be covered in the 

subsequent contract negotiations (e. g. by appropriate 

representations and warranties, indemnities, royalties). 

As already noted, the due diligence is the central step to 

assess the value and risks of the envisaged transaction.

4.  Summary

The market for biosimilars is continuously growing. With 

the increased market presence of these products, the 

number of legal questions linked with them increases 

as well. This chapter has presented an overview of the 

legal environment that applies and governs biosimilars. 

All market players – biopharmaceutical companies as 

well as investors in the market – need to be aware of 

the legal environment through which they have to na-

vigate if they are interested in biologics in general and 

biosimilars, in particular. Various legal fields are rele-

vant for a biologic drugs. This additionally underscores 

the importance of a sound and thorough legal due 

diligence in case of transactions and investments in 

this market. 
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Recombinant proteins are generally recognized as inno-

vative pharmaceutical products. However, an innovation 

is finite; it is no longer an innovation when its patent 

protection expires. Although determining a definite pa-

tent expiry date for a protein product can be extremely 

difficult, it is clear that several recombinant drugs are 

currently patent-free and many others are set to follow. 

In principle, this provides the legal basis for follow-on 

products, which can be seen roughly as generic versions 

of original biopharmaceuticals. The question is whether 

they present more risks than opportunities. From a 

pharmaceutical point of view, they definitely offer more 

opportunities than risks, provided a well-designed legal 

framework is in place!

There is an ongoing debate about whether copying a 

recombinant protein for clinical use might be generally 

possible. Of course it is! And clearly Europe is leading 

the way in this respect while the US is still struggling.

Recombinant drugs, or biologicals as they are generally 

known, are highly complex drug substances which have 

added tremendous value to modern medicine. While 

chemically synthesized, low-molecular-weight com-

pounds mostly modulate an ill-functioning biomolecule 

by enhancing (agonists) or reducing (antagonist) its ac-

tivity, many biologicals come with their own biological 

activity thus substituting or complementing an insuffici-

ent physiological inventory.

Introducing such highly complex molecules into a patient 

is clearly a risky intervention, which by the way is also 

the case – and indeed far more so – when a new original 

molecule is tested. Fortunately, we have learned that 

these risks are dramatically outweighed by opportunities 

which recombinant proteins offer to very sick patients 

who are often untreatable with any available medicines. 

In addition, we have learned that these molecules, when 

used as medicines, are not structurally restricted to an 

authentic human standard, which has been optimized 

during centuries of evolution. Authenticity, once thought 

to be a prerequisite for safety and immunological to-

lerability, is not a value anymore. Today’s most advan-

ced biologicals are frequently structurally modified to a 

degree which would have been considered ridiculous 

if suggested 15 years ago. These modifications repre-

sent either a variation of the amino acid sequence or 

they represent attachments of other structural moieties 

(polyethylene glycol chains, fatty acids, additional sugar 

structures) to the protein backbone. Even such artificial 

constructs as fusions of parts of absolutely unrelated 

proteins are tolerated and safe.

Of course, the safety and efficacy of such altered mole-

cules cannot be anticipated automatically, and like any 

new drug compound, biopharmaceuticals – innovations 

as well as biosimilars – have to undergo a highly struc-

tured set of regulatory requirements, which, if success-

ful, leads to approval by the authorities.

On the other hand, despite their enormous value for our 

healthcare system, biopharmaceuticals have become a 

serious threat to the system itself. Some of the treat-

ments now available are ridiculously expensive, costing 

up to USD 500,000 and more per patient p. a. This might 

be warranted so long as the medicine in question is new 

and innovative, but this cannot last forever since bio-

pharmaceuticals put an enormous strain on the system. 

And there is no doubt that many patients who qualify 

for treatment with a recombinant drug are left untreated 

because the system cannot afford their treatment.

Solutions are at hand but they require systematic super-

vision, leading to approval by the authorities who apply 

an approval pathway specially adapted to the specific 

problem of approving a copy of a patent-free molecule 

with a long record of clinical safety and efficacy. 

Biosimilars – Risks and Opportunities 
from a Pharmaceutical Perspective
Prof. Dr. Theodor Dingermann, Institute of Pharmaceutical Biology, 
Biocenter Frankfurt/Main, Germany
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The product is the process

Without a doubt, copying a biotech medicine is much 

more complex than copying a chemically synthesized 

drug of low molecular weight. A highly controlled ma-

nufacturing process is intrinsically important in the case 

of biotech medicines because control equals consisten-

cy and consistency equals safety and efficacy when it 

comes to biologicals. Even minor variations can result 

in vastly different products since the process is extre-

mely sensitive to changes in both manufacturing and 

production.

These are only a few of the reasons why it immediately 

became clear that the process of copying an original 

biopharmaceutical and its subsequent approval by the 

authorities cannot just follow rules which are routinely 

applied to low-molecular weight, chemically synthesized 

products. Because of the macromolecular nature and 

highly complex matrix of biopharmaceuticals and biosi-

milars, they demand additional attention to guarantee 

safety and efficacy.

The intrinsic relevance of the production process of 

biopharmaceuticals has eventually led to a paradigm 

change in the definition of this new class of drug com-

pounds. In a monograph entitled RECOMBINANT DNA 

TECHNOLOGY, PRODUCTS OF (Producta ab ADN recom-

binante), the European Pharmacopeia defines recom-

binant products as follows:

“Products of rDNA technology are produced by genetic 

modification in which DNA coding for the required pro-

duct is introduced, usually by means of a plasmid or a 

viral vector, into a suitable micro-organism or cell line, in 

which that DNA is expressed and translated into protein. 

The desired product is then recovered by extraction and 

purification. …”

According to this definition, recombinant products are al-

ways proteins (last word of the first sentence). But more 

importantly according to the second sentence, recom- 

binant drugs are defined based on their concrete pro-

duction process. The new paradigm reads: “The product 

is the process” as opposed to the traditional definition 

“The product is the molecule”.

Strictly speaking, this would mean that a generic versi-

on of a biotech protein should “not only“ be a perfect 

copy of the reference molecule, but also that the entire 

production process should be copied. Process details, 

however, are considered extremely valuable assets of 

a company that do not appear in any publication or in 

any patent and therefore cannot be copied by a different 

manufacturer.

This was highly reasonable at the time when recom-

binant drugs entered the market; meanwhile, a recon-

sideration of this “dogma” seems warranted. In princip-

le, there is no magic to the process of manufacturing 

biopharmaceutical drugs and therefore no argument 

against generic copies of biopharmaceuticals, provided 

measures are taken to prove the safety and efficacy of 

a well-known biomolecule which is produced in a robust 

and reproducible process, even if this process is diffe-

rent from that of the originator.

Biosimilars are similar and not identical to their

reference molecules

A biosimilar does not necessarily have to be a perfect 

copy of an original. At least in Europe it is now widely 

understood that a biosimilar is similar but not identical 

to its reference molecule. This makes a lot of sense 

since the alternative would simply be impossible. Even 

originators have to make process changes and indeed 

they are allowed to do so. This would not be possible 

if the original “dogma” in its strict sense were still in 

place.

In addition, variations in the structure of biomolecules 

are nothing unusual. Even when isolated from any hu-

man source, biomolecules show remarkable structural 
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heterogeneity if one looks carefully using up-to-date 

analytical tools and techniques. In fact, typically, “pro-

teins” are more or less complex mixtures of similar mo-

lecules, particularly – but in no way exclusively – when 

it comes to carbohydrate modifications.

Nevertheless, one can easily identify a purified frac-

tion as insulin, erythropoietin, beta-interferon or as an 

antibody with a certain specificity. There is absolutely 

no doubt that a molecule identified as insulin will act 

like insulin; a molecule identified as erythropoietin will 

act like erythropoietin; a molecule identified as beta-

interferon will act like beta-interferon, and a molecule 

identified as an antibody with a certain specificity will 

act like such an antibody – whether it be in vitro or in 

vivo in a patient.

On a simplified basis, the manufacturing process for 

biologics can be divided into six stages: host-cell deve-

lopment, master-cell bank establishment, protein pro-

duction, purification, analysis and formulation. Hardly 

any of these stages are or even can be identical between 

the reference and the “copy”. But should they? Is there 

just one optimum solution to a highly complex problem? 

Of course not! What is necessary, however, is that a par-

ticular solution has been rigorously tested as safe.

The challenge when setting up a manufacturing process 

for biologics lies in its requirement for robustness. It is 

not necessarily a problem if an original and a similar 

copy differ slightly. However, it would be a problem if 

proteins from various batches differed significantly.

Consequently, compared with the manufacture of orga-

nic compounds, the production of biologics requires far 

greater stringency and documentation, including a grea-

ter number of batch records, more product quality tests, 

more critical process steps and more process data entries. 

On the other hand, improvements in the availability and 

sophistication of analytical techniques allow a thorough 

description of all chemical and physical aspects of the mo-

lecules and of possible contaminations and impurities. 

Although the degree of sophistication of current analyti-

cal tests has improved tremendously, the fact that the 

safety and efficacy of biosimilars need to be defined 

independently in formal clinical safety and efficacy trials 

is still demanding. It is known that even slight structure 

alterations can alter key parameters such as stability, 

resistance to degradation, circulatory half-life, biological 

activity or the potential for adverse immune reactions in 

patients. But it is even more probable that none of these 

concerns will be observed. However, given the general 

unpredictability of biologics in humans, stringent post-

marketing monitoring studies are inevitable as well.

There are extremely important differences between an 

innovative molecule and a biosimilar in the early deve-

lopment stages:

●  By definition, the innovative molecule has never 

been tested in humans at the early (preclinical) sta-

ge of drug development. Even though the molecule 

has been developed on the basis of strong phar-

macological plausibility, clinical trials nevertheless 

still have to prove its clinical benefit. Examples are 

known where new biomolecules have failed these 

tests.

●  Many biologicals cause a complex cascade of res-

ponses and it is impossible to predict in early de-

velopment stages whether this will be tolerated by 

patients. Consequently, side effects can always jeo-

pardize the successful introduction of a biomedicine. 

A biotech product will only be successful if benefits 

clearly outweigh potential risks.

In the case of biosimilars, all this is known from the 

clinical performance of the reference drug:

●  the reference drug has a long clinical history and has 

proved its clinical efficacy

●  it apparently has a positive benefit/risk ratio, and

●  its immunological activity is acceptable
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On the other hand, what needs to be shown in the case 

of a biosimilar is:

●  the degree of efficacy and safety of the copy which 

most likely differs slightly from the original

Nobody realistically doubts these requirements.

Opportunities

Most biotech drugs are very expensive, but this can only 

partly be explained by the cost of goods. The fact is that it 

is extremely risky to develop such drugs, mainly because 

of the uncertainty related to the drugability of a particular 

disease with a biotech drug. Once drugability has been 

demonstrated, competitors enter the market even though 

the original molecule is still patent protected. This is pos-

sible since in many cases a whole variety of different pro-

teins can solve the same clinical problem. For example six 

structurally very different TNF-alfa antagonists compete in 

the market for chronic inflammatory diseases and several 

more are in the advanced pipeline. All these molecules 

are innovations since they are all structurally very diffe-

rent. But all have turned out to be safe and more or less 

efficacious, and consequently, all have been approved by 

authorities in Europe and the US. 

Why not add another molecule (or more), which is a 

more or less an exact copy of an existing one which has 

become patent-free? Such a molecule can be developed 

without the drugability of a particular disease being an 

issue and it should therefore turn out to be significantly 

cheaper than the original where such a risk was part of 

serious calculations.

Although biosimilar proteins arise from separate manu-

facturing processes and differ in master cell line, proces-

sing and purification, they can be constructed sufficient-

ly similar to an approved product to permit the applicant 

to rely on certain existing scientific knowledge.

Prices of biotech drugs must come down for the sake 

of patients and for the affordability of our healthcare 

system based on the solidarity principle. Competition 

after patent expiry is one reasonable tool.

Biosimilar INN Company Approval year

Omnitrope somatropin Sandoz 2006

Valtropin Biopartners

Binocrit epoetin alfa Sandoz 2007

Epoetin alfa Hexal Hexal

Abseamed Medice

Silapo epoetin zeta Stada

Retacrit Hospira

Filgrastim Ratiopharm filgrastim Ratiopharm 2008

Ratiograstim Ratiopharm

Biograstim CT Arzneimittel

Tevagrastim Teva

Filgrastim Hexal Hexal 2009

Zarzio Sandoz

Nivestim Hospira 2010

Table 1: Approved Biosimilars in Europe               Source: EMA
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Innovators should concentrate on innovations, and in-

deed the potential for innovations is enormous. Many 

unmet medical needs are waiting for innovative inter-

vention options and there is always potential for impro-

ving the characteristics of specific molecules towards 

second or third generation drugs.

The concerns of opponents of an accelerated approval 

procedure for biosimilar protein products remain ill-

founded. They have argued that regardless of rigorous 

physicochemical characterization of the protein, even 

small and seemingly insignificant manufacturing chan-

ges could theoretically contribute to differences in pro-

tein folding, aggregates and glycosylation, which might 

manifest clinically as decreased efficacy, altered phar-

macokinetics, or increased immunogenicity. This could 

indeed happen and additional clinical testing to prove 

the safety and efficacy of products was therefore put in 

place before market authorization was granted.

Biosimilar products are now a reality – at least in Eu-

rope (Table 1) – and opponents of an accelerated ap-

proval procedure for biosimilar protein products have 

been proved wrong. Biosimilar protein drugs are mar-

keted without unintended effects – clearly demonstra-

ting that safety is not an issue, so long as appropriate 

regulatory supervision is in place. 

This is an opportunity for seriously ill patients and for 

our healthcare system as well.

Prof. Dr. rer. nat. Theodor Dingermann
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Biologics play an important role in the provision of high-

quality medical care within the German Statutory Health 

Insurance (SHI) context. Biologics are, however, also 

comparatively expensive products whose use implies 

high annual costs of therapy. 

After patent expiry biopharmaceuticals can be produced 

by companies other than the originator. The new pro-

ducts, mostly called “biosimilars” (whereas „follow-on 

biologics“ is the common term in the USA), form a new 

category of drugs in regulatory terms. Competition as 

a result of the introduction of biosimilars opens up the 

potential to reduce drug expenditure.

Biosimilars and conventional small-molecular generics 

display completely different product characteristics. Bi-

osimilars, as all biologics, may be produced from micro-

bial cells, mammalian cell lines and plant cell cultures 

in bioreactors. The product is thus heterogeneous by 

definition. A (small-molecule) generic displays the same 

qualitative and quantitative composition of active ingre-

dients as the original product. 

Fundamental differences in product characteristics bet-

ween biosimilars and generics explain the different regu-

latory requirements that need to apply. The R&D costs of 

biosimilars are of a completely different order than the 

Prof. Dr. Bertram Häussler, IGES Institute, Germany

Cost Savings Potential of Biosimilars 
in the German Health Care System
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Figure 1:  Expenditure of the pharmaceutical development in comparison to generics and biosimilars Source: IGES 2009
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relatively low development costs of traditional generics 

(Figure 1). Evidently, there is also a dramatic difference in 

production costs between the two categories.

The European regulatory agency EMA has introduced 

a separate process for the market authorization of bi-

osimilars. Comparable arrangements do not yet exist 

in the USA or Japan. Therefore, Europe has taken on a 

pioneering role. Within Europe, Germany plays an im-

portant part regarding the production and marketing of 

biosimilars. Different factors underline Germany’s positi-

on. Several large producers of generic drugs have access 

to the required technical and economic know-how and 

bring in the financial power to drive the development 

and marketing of biosimilars.

Within the German SHI market, the expenditure for bio-

logics is expected to increase continuously over the ye-

ars ahead. Spending in 2009 was EUR 4.25 billion. The 

share of biologics of the SHI pharmacy market is about 

13.8 %. The highest indication-related expenditure is for 

autoimmune diseases (about EUR 1.8 billion) and dia-

betes (about EUR 1.2 billion). 

Without the market entry of further biosimilars, SHI ex-

penditure for biologics will amount to approximately 

EUR 9.7 billion in the year 2020. In 2020 these product’s 

share of 21 % will account for more than one fifth of sa-

les in pharmacy market. Given patent expiry of a whole 

range of important biological products before 2020, the 

potential for biosimilar market entries will increase si-

gnificantly. A considerable share of the market will still 

benefit from patent protection. New (to some extent 

still unknown) products will enter the market under the 

protection of patents. After 2013 the market of biologics 

under patent will stabilize by value. Correspondingly, 

the expenditure share of products with biosimilar po-

tential will increase.
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Figure 2:  Savings potential of biosimilars until 2020 within the German SHI System             Source: IGES 2009
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Biosimilars promise significant savings for the German 

SHI drug budget. To gauge these savings a systema-

tic analysis based on information from a large number 

of sources was conducted including observed market 

trends, forecast epidemiological developments in the re-

levant indications, information about restrictions on and 

extensions of indications, data on development pipe-

lines in biopharmacy, information about patent expiries 

and possible dates of biosimilars’ market entry. 

The expiry of patents on biopharmaceuticals will lead 

to the appearance of biosimilars on the market. But 

not every patent expiry will lead to biosimilars being 

developed for the particular reference product. The de-

velopment of biosimilars is very strongly dependent on 

product characteristics and the associated market op-

portunities for a possible biosimilar product. Also two 

effects were taken into account of the forecast of the 

proportion of sales and the overall effect of entry on 

the market:

1.  A direct effect on spending through the appearance 

on the market of the less expensive biosimilar, and 

2.  A competitive effect on spending which shows up as 

a drop in the price of the reference product.

In a few areas, savings can be realized in the short 

term. However, given the patent situation and the 

complex processes associated with market entry of 

biosimilars, savings are more likely to occur in the 

medium or longer term. If fair competition can be es-

tablished in the biopharmaceutical market, the market 

entry of biosimilars can generate a reduction of up to 

25 % in the off-patent segment of the biopharmaceu-

tical market. 

Assuming the potential saving is 25 % in the particular 

segment, annual savings of just under one billion Eu-

ros will be achieved in 2017. In 2020 spending in the 

biopharmaceutical segment of the SHI pharmacy market 

would be reduced by about EUR 1.3 billion from just 

under EUR 9.7 billion to just under EUR 8.4 billion. The 

cumulative savings through biosimilars until 2020 will 

be about EUR 8.1 billion (Figure 2).

Initial experience of the effects on spending of the intro-

duction of biosimilars is available in the form of a first-

generation scenario in the field of erythropoietins. Here, 

biosimilars came onto the market in October 2007. 

At the time biosimilars entered the market the average 

pharmacy selling price of the originals per DDD (defined 

daily dosis) was EUR 14.93. The price of biosimilars 

settled at about EUR 10.00 per DDD and is thus about 

33 % below the starting price of the originals. With the 

originals the price was reduced to about EUR 12.58 per 

DDD. This means an average drop in price of about 

15.7 % (Figure 3).

The double saving effect can be simply illustrated as fol-

lows: the consumption in the erythropoietin segment for 

2008 was about 25.7 million DDD. Assuming an average 

starting price of EUR 14.93 per DDD, this would give total 

sales of about EUR 383.7 million. 3.3 million DDD were 

accounted for by biosimilars at a price of EUR 10.00 per 

DDD. The other 22.4 million DDD were supplied at an 

average price of EUR 12.44 per DDD. Total sales on the 

pharmacy market were EUR 311.7 million, with EUR 33.0 

million accounted for by biosimilars. Compared to the 

baseline scenario, this results in savings of about EUR 

72 million or about 18.8 %. 

Since 2007 biosimilars in the erythropoietin segment 

have become more important. 2008 the share of con-

sumption was 13 % and 2009 22 %. Related only to 

erythropoietin with excluding derivatives the share of 

consumption was even 40 % in 2009. This high proporti-

on in Germany is caused by target agreements between 

SHI and physicians’ associations in order to control drug 

expenditure.   

Assuming that the market share of biosimilars will con-

tinue to grow and that competition will lead to further 
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price reductions, the medium-term saving potential 

compared to the baseline situation is estimated at 

about 25 %.

Despite the potential of biosimilar products for the Ger-

man economy and the health system, these products 

face very high barriers to entry:

●  High investments in production facilities; 

● significant technical and analytical requirements;

●  complex and lengthy regulatory processes preceding 

market authorization; 

●  a high degree of uncertainty regarding future 

revenue; 

● uncertain market acceptance.

 

In addition there is a risk of the originator locking up 

potential markets. Barriers to entry can arise in the form 

of (exclusive) contracts between originator and sickness 

funds. There is a further risk of the originator engaging 

in predatory pricing.

From an SHI perspective, a framework should be estab-

lished to facilitate the realization of medium- and long-

term savings through biosimilars. These will only be 

possible under free and fair competition. The following 

instruments should be discussed in this context:

●  The originator is not allowed to enter into exclusive 

contracts with sickness funds. 

●   Producers of biosimilars can enter into contracts 

with sickness funds even before patent expiry, as 

long as these are not exclusive contracts. 

●  Reference pricing should not be applied to these 

market segments for a certain protection period.

 

Naturally, the producers of biosimilars are entitled to ap-

proach the German Competition Court and demand the 
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application of antitrust law when it comes to predatory 

pricing or exclusivity agreements.

Building on experience from the German marketplace, 

strategies that focus on optimizing the biosimilars mar-

ket share should embrace an European perspective. 

An European collaborative approach that levels the 

ground for development and optimization of biosimilars 

competition on European health care markets would be 

an important precondition for achieving favorable con-

ditions for biosimilars at the global level.
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Highlights

1.  The CapEx associated with building an antibody cell-

culture manufacturing facility and the high COGS as-

sociated with manufacturing them, particularly by the 

low market share players, are considered significant 

barriers for biosimilars/follow-on biologics (FOB) ent-

ry. In this note, we provide an overview of antibody 

manufacturing and argue that technology progress 

over the past 10 years has significantly reduced the 

manufacturing entry barriers from the USD 250 – 500 

million to a < USD 50 million upfront investment.

2.  The cost of antibody manufacturing decreased 

with process improvements and standardization. 

Through successive improvements, cell culture fer-

mentation yields have increased from < 1 gram/L 

to ~ 5 grams /L reducing manufacturing costs to 

~ USD 100 / gram. As downstream processes did not 

substantially improve, costs migrated downstream 

from fermentation to antibody purification and in-

creasingly – fill / finish. It is thus less certain to us 

if innovators will have substantial cost advantage 

over biosimilar developers.

3.  Implications for biosimilar developers. Part of the 

concern in the market has been that (i) even if 

approved, profitability of biosimilars could be hurt 

by innovators reducing prices to make biosimilars 

costs prohibitive and (ii) the need to match the 

CapEx investments of innovators. It now appears bi-

osimilars manufacturers could achieve cost-efficient 

manufacturing even in relatively low market share, 

making price-competition unattractive to innova-

tors. The need for CapEx investment is likewise a 

lower concern as capacity can be rented until it is 

economically preferable to bring it in.

4.  The innovative space will get more crowded. We 

see development of three players: (i) the biosimilars 

players which will likely participate in most antibo-

dy markets and several entrants should be expected 

on larger products. (ii) Me-too players which can 

now justify entry with lower ultimate share; and 

(iii) specialty-biotech companies which will position 

known molecules/classes for niche specialties.

Investment Conclusion

As process yields improved, the overall cost declined 

but prices are not likely to decline in parallel thereby 

opening a substantial gap between cost and price. On 

the positive side, it does validate their investment in 

biosimilar antibodies; however, profitability may erode 

over time if the business becomes too similar to the 

classic generic model. Teva, Mylan, Hospira and Sand-

oz, the generic unit of Novartis, have all taken steps to 

participate in biosimilars.

 

Details –

Overview of the antibody manufacturing process

The manufacturing process (Exhibit 1) is logically divi-

ded to three steps: (i) the cell culture/fermentation step, 

(ii) purification of the antibody (to the drug substance) 

and (iii) fill/finish – reconstituting of the pure drug subs-

tance in the correct carrier (drug product) and packaging 

it in a vial/prefilled syringe etc.

The cell culture process starts with growing the previ-

ously frozen cells in steps until they reach production 

scale (5,000L – 25,000L) where they produce anywhere 

between 0.5 grams to 5 grams of the desired antibody 

depending on the efficiency of the process. A typical cell 

culture process takes 10 – 12 days. After the fermentation 

is completed the cells are harvested usually through 

centrifugation (followed by a day of clean up / sterilizati-

Ronny Gal, Sanford C. Bernstein & Co., USA
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on). Most plants operate with four reactors (some three, 

some six) in staggered fashion.

The purification stage essentially always starts with 

protein A chromatography (protein A strongly binds an-

tibodies), typically followed by either an anion or ca-

tion exchange chromatography. Most processes usually 

have a third chromatography stage (either another ion 

exchange or hydrophobic/hydrophilic column). Additio-

nally, there are steps to remove viral contamination, 

which typically include filtration and a change in pH. The 

purification process ends with ultra-filtration.

The fill / finish usually is done in a separate facility and is 

very similar to the high-end fill / finish process of small injec-

table molecules (it is an aseptic fill / finish as antibodies can 

not be sterilized after the vial is filled). It is often outsour-

ced to specialized players like Baxter or Hospira although 

there is growing realization of its importance (DNA built a 

large facility in Oregon to address its fill/finish needs).

Process standardization allowed for ongoing improve-

ments and reduction in costs

The standardization of the process across products al-

lowed the manufacturing teams to move to the next 

step of attempting to reduce the costs in each of the 

manufacturing steps. Most of the attention of the manu-

facturing teams was on the fermentation step which was 

the largest cost component. Over the past decade, these 

teams have gone back and developed more efficient 

cell-lines which produce antibodies at higher titer and 

use more standardized and less expensive media (no fe-

tal calf serum). They have also addressed numerous se-

condary issues which affected batch failure like antibody 

aggregation, optimized scale up conditions etc. Most 

high scale commercial operations are now operating at 

2 gram / L or better efficiencies with R&D stage pro-

jects are now aiming to achieve 5 – 10+ g/L yields. The 

increase in cell culture yields reduced the costs of ma-

king the drug substance from USD 500+/gram to about 

Cell Bank Vial

Production Culture

Seed Train

Inoculum Train

Centrifuge

Harvest

Protein A Chromatography

Virus Retention Filtration

Anion Exchange

Chromatography

Cation Exchange

Chromatography

UF / DF

Fill  / Finish

Fermentation Purification Fill / Finish

Figure 1: A consensus process for antibody manufacturing              Source: mABs 1:5, 2009
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USD 100/gram today. Further, since the focus was on 

the fermentation step, the relative cost burden shifted 

to the later stages of the manufacturing process and the 

need to build new facilities was substantially reduced.

Hypothetical plant model suggests reduction, 

shift in costs

Improvements in yield can halve the manufacturing costs. 

To help us think about the competitive dynamics of an-

tibody manufacturing costs, we built a simplified model 

of manufacturing costs at a very large facility (500 Kg+/

year). The factory has four fermentation units of 15,000 

liters (4x15kL) and one purification unit and is operating 

at full capacity. The variable costs of the fermentation 

stage is driven by the volume of the batch (cell culture 

media, energy requirements) and estimated at USD 8 / L. 

The variable costs of the purification steps are driven by 

the amount of protein being purified and estimated at 

USD 4 /gram. The fixed costs of operating the plant at 

full capacity are estimated at USD 125 million per year 

and include primarily the staff of 250 employees. USD 50 

million costs are directly related to manufacturing pro-

cess and USD 75 million are indirect (quality assurance, 

regulatory, IT, compliance). The fill/finish step is done on 

an outsourced basis at a cost of USD 8 /patient-dose. As 

many antibodies (Avastin, Remicade, Rituxan, Erbitux) 

are packaged at 0.1 gram/vial, we assume USD 80 / gram. 

For now we ignore the depreciation cost and assume 

75 % yield for the entire process. The analysis shows 

that as the yields of the cell culture step increase, the 

cost of material and staff per gram proteins decrease and 

the overall cost of manufacturing drops 40 % (from USD 

181  / gram at 1 g / L to USD 108 at 5 g / L).

… and soften the impact of lower utilization. As few fac-

tories ever operate at capacity, a second consideration is 

the impact of higher yields on plants operating at higher 

utilization. Because the relative weight of fixed costs de-

creases in higher g/L processes, lower utilization is less 

of an issue with high yield plants (up to a point). In our 

model plant the impact of utilization above 25 % is rather 

modest as long as the cell culture yields pass 3 g/L. 

Relative costs switch downstream. As costs are taken 

out of the cell culture step, the relative costs of the 

downstream steps naturally increase. This is particular-

ly true about the fill-finish step which was previously 

considered manufacturing ‚back water‘ and outsourced 

to the likes of Becton Dickinson and Hospira. It appears 

there is now focus on reducing these costs. However, 

improvements will likely be gradual.

An intriguing observation is that Teva and Hospira, both 

budding biosimilar players and scale players in generic 

injectables are very well positioned to be low-cost fill/

finish players in biosimilars (it is, essentially the same 

process as other aseptic fill/finish processes). Given the 

relative high share of the cost in the fill/finish step, we 

are uncertain Teva and Hospira will be cost disadvan-

taged vs. the innovators, assuming high yield manufac-

turing environment.

Observations

We make three points – first that the gap between anti-

body price and cost is more material than we previously 

realized; second, that cost of manufacturing is unlikely 

to be a major issue for biosimilar developers and third, 

that like biosimilar developers, other innovators will 

likely target the market.

The substantial gap between antibodies‘ price and ma-

nufacturing costs may influence market structure.  The 

most significant observation from this analysis is that 

the gap between the market prices and cost of manufac-

turing of antibodies is 20x. This is roughly in the order 

of the branded-generic gap in small molecule injectable 

drugs (oral dosage forms can be as much as 50x). If 

true, the health care system can reap very substantial 

savings if biosimilar markets behave like generic mar-

kets. There are other considerations to this equation 
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(patient safety, need to recoup initial investment, etc) 

and many would argue that will never happen. However, 

in the long term, the availability of deep discounts if a 

generic-like model is established is a powerful motivator 

and we are not willing to rule it out. We can see markets 

with strong centralized payor (e. g. UK) and national 

tendering process for drugs (e. g. China) pushing toward 

a commoditized model. The US PBM industry will very 

likely push in that direction domestically.

Biosimilars can be profitable at reasonably low share 

Putting aside other risks, it appears concerns biosimi-

lars will be (i) pushed out of the market though inno-

vator pricing action or (ii) that their CapEx will prove 

prohibitive are overstated. 

Because marginal manufacturing costs are so low in 

comparison to antibody prices and high yields narrowed 

the cost gap between different factory sizes and utiliza-

tions (as proxy to market share), we suspect biosimilar 

companies could manufacture profitably even if prices 

drop toward 10 % of the pre-biosimilar price (analysis is 

work in progress and will be published later). Further, 

given some companies‘ experience with large scale fill/

finish operations and lower-cost location manufacturing, 

some biosimilar manufacturers could end up being low 

cost providers, even with relatively moderate market 

shares. In short, a more reasonable strategy for inno-

vator may be to compete on the extent of safety and 

efficacy data while maintaining price premium.

The need for CapEx likewise appears less of a concern. 

At least in the case of the top handful of players, capa-

city can be obtained through partnerships and internal 

manufacturing capacity built when the biosimilar busi-

ness is proven. Further, even when built, facilities will 

likely be smaller and presumably, cheaper. Longer term, 

however, prices could trend substantially lower hurting 

biosimilar profits (20 % profit margin on USD 100 million 

is a lot more than 20 % on USD 10 million). 

The innovative space will get more crowded. Lower cost 

of market participation (both CapEx and manufacturing) 

is lowering hurdle rate for me-too product developers 

as well. If a sub-billion product can have acceptable 

COGS ratio, then USD 1 – 2 billion markets can support 

multiple players. This suggests most biotech market will 

eventually look more like the small molecule markets 

(e.g. Statins, SSRI, OAB). 

 

We may also see the emergence of a specialty-biologicals 

segment, analogous to the specialty pharma sector, which 

reformulates biologicals for additional specialties. Recently, 

for example, we have seen Cephalon license the rights for 

the use of TNF in Sciatica (neuropathic inflammatory pain) 

– a specialty use of previously proven antibody class. This 

positioning approach is very attractive since Congress ins-

tituted a 12 year data exclusivity for all biologicals. 

Ronny Gal is the specialty 

pharmaceuticals industry 

analyst at Sanford C. Bern-

stein & Co., LLC, a leading 

independent research firm 

based in New York and 

London. Mr. Gal provides 

research and investment 

insight on specialty and generic pharmaceutical 

stocks to institutional clients around the world. 

His work has been recognized in third party sur-

veys such as Institutional Investor and Greenwich 

Associates. In the generic sphere, Mr. Gal’s current 

research focuses on paragraph IV challenges and bi-

osimilars. Prior to joining Bernstein, Mr. Gal worked 

at Canon, spearheading the imaging company’s ef-

forts to launch a life sciences business. Previously, 

he served as a Principal at the Boston Consulting 

Group (BCG), advising clients in the pharmaceutical 

and health care delivery sectors. 
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Biosimilars represent a large and emerging segment 

of the global pharmaceutical market. The driver for 

the development of this market has been the unpre-

cedented commercial success of biopharmaceuticals 

since the early 1990’s and the subsequent expiry of 

patent protection on the originator molecules. As pa-

tent expiry approached, several manufacturers built 

the capability to produce highly similar copies of the 

originator products, and where necessary, worked 

alongside regulatory agencies to define pathways 

to regulate their approval. The European Medicines 

Agency (EMA) has been instrumental in driving the 

regulatory requirements for these products in Europe, 

and a clear pathway has been in place in Europe since 

2005 following the publication of the overarching EMA 

guidelines for ‘biosimilars’. At the time of writing this 

regulatory pathway has lead to the development and 

registration of 14 ‘European biosimilars’ in 3 different 

therapeutic classes – human growth hormones (hGH), 

erythropoietins (EPO) and granulocyte colony stimu-

lating factors (GCSF).

European biosimilars are unique biopharmaceuti-

cal products that are highly similar but not exactly 

identical to the originator product that they are re-

ferenced to. As such they require a ‘hybrid’ deve-

lopment program that lies somewhere between an 

originator biopharmaceutical and a small molecule 

generic. According to the EMA regulatory pathway the 

degree of non-clinical and clinical similarity must be 

tested through a series of scientifically rigorous tests 

and studies in the most sensitive model to ensure 

convincing demonstration of equivalence. If this is 

achieved a biosimilar can be approved as ‘similar’ to 

its reference originator product in the indication(s) 

that has been studied, and extrapolated to any other 

indications where the mechanism of action is identical 

or can be scientifically justified.

It should also be noted that this demonstration of simi-

larity is not only applicable to biosimilars. Where a ma-

nufacturer of an originator biopharmaceutical product 

makes significant changes to its processes or source 

materials, the ‘new’ product will not be identical to the 

original product. In such cases, the manufacturer of the 

originator product may be required to demonstrate to 

the regulatory authorities, through a series of clinical 

studies, that the new product is ‘similar’ to the original 

product. 

Against this background of leading edge science and 

clear European guidelines comes the challenge of com-

mercializing biosimilars. It goes without saying that 

getting a biosimilar to market is only worthwhile if it 

can be successfully commercialized and can more than 

repay the substantial development cost. For biosimilar 

manufacturers this commercialisation requires a new ap-

proach which has no exact precedent in other sectors of 

the pharmaceutical market. This approach needs to take 

into account two key aspects;

●  Firstly biosimilars, by definition, must have highly si-

milar clinical effect to their reference originator bio-

pharmaceutical. The demonstration of clinical simi-

larity in both efficacy and safety is a requirement of 

the regulatory approval process and any differences 

in either lesser or greater effects than the originator 

would result in non-approval as a biosimilar. As such 

any commercialisation approach cannot be based 

around clinical differentiation and must depend on 

other differentiating factors e.g. differences in pre-

sentation, provision of safety/delivery devices and 

more obviously – price.

●  Secondly, although highly similar to their reference 

products, they are generally not substitutable at the 

pharmacy level without the consent of the prescri-

bing physician. Following introduction of the bio-

Paul Greenland, Hospira U.K., United Kingdom

Biosimilars – Commercialisation 
Approaches for Europe
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similar regulatory pathway several European coun-

tries have issued guidelines or legislation to prevent 

pharmacist substitution and ensure that the prescri-

ber remains the decision maker in the provision of 

biosimilars to patients.

In Europe these two aspects represent the fundamental 

differences between the commercialisation approach for 

biosimilars and small molecule generics. Biosimilar ma-

nufacturers must, at least in the early stage of commer-

cialisation, be able to access and convince prescribers 

to use biosimilars rather than the originator brands. 

However, as each European country has different market 

dynamics, the biosimilar manufacturer must determine 

the best market entry approach that can optimize the 

local uptake of biosimilars. In this article I will cover the 

factors that need to be considered in developing these 

market entry strategies and look at some of the approa-

ches that have been adopted by the early entrants to 

the European biosimilar market.

Competitive Environment

One of the first considerations in setting a commercia-

lisation approach for biosimilars is to understand the 

competitive environment into which the biosimilar will 

enter. In those markets where biosimilars have already 

been approved in Europe – hGH, EPO, GCSF – there are 

several competitor products from different originator 

manufacturers, and in most cases little data to diffe-

rentiate their clinical effect. For these therapeutic areas 

prescribing physicians have several choices of brand to 

choose from with little significant differentiation bet-

ween them. The originator brands are in most cases 

seen as interchangeable and this has led to them being 

tendered at a hospital, regional or even country level. 

In most cases tender decisions are made to limit the 

choice of products available with historical experience 

on safety and efficacy, patient convenience, treatment 

cost and supply capability being most widely used as 

key criteria for choice. A new biosimilar product ente-

ring these markets needs to find a position that, while 

being most closely linked to its reference product, also 

takes into account the position of the other brands 

against which it will also be forced to compete. Almost 

certainly the biosimilars will be forced to compete with 

all brands on the market and although price will be 

important it will almost certainly not be the only con-

sideration.

For example the biosimilar EPOs entered a market that 

already had several originator brands - two major short 

acting brands (Eprex, Neorecormon) and two major long 

acting brands (Aranesp, Mircera). Although both the bi-

osimilar EPOs currently approved are referenced to a 

single originator product – epoetin alfa (Eprex) – they do 

not only compete against Eprex in the market. Indeed 

they may have to compete against other short acting 

brands and in many cases against the longer acting 

brands. In Germany, which is one of the most compe-

titive European markets, the physician could have the 

choice of up to 6 originator brands and a further 5 bio-

similar brands. Early experience from several European 

markets indicates that biosimilar EPOs will initially need 

to compete with the originator brands on more than just 

price to penetrate the market. 

In depth knowledge at a country level for each brand on 

the market is therefore essential. The key elements that 

need to be considered for each brand are;

● the clinical published data supporting the brand

● non-clinical features of the products

●  the key messages used to differentiate the brands 

in the market

● supply terms offered by each manufacturer

●  cost of treating each patient (combination of price 

and dose)

●  level of marketing and medical support offered by 

each manufacturer

Supported by this in depth knowledge of the competiti-

ve environment, the biosimilar manufacturer will need to 
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determine the commercial infrastructure and marketing 

approach that must be established in order to guaran-

tee successful penetration of the respective markets. In 

most cases this will require an individualised approach 

at a country level in order to take full advantage of the 

different dynamics that play out across Europe.

Commercial Infrastructure

While barriers to pharmacy level substitution exist in 

most European countries the physician prescriber is key 

to the early adoption of biosimilars.  Building physician 

confidence to prescribe biosimilars in their patients is 

essential and will require employment of specialised 

sales and medical teams. This approach is much diffe-

rent to the way in which small molecules are currently 

marketed in Europe where the key decision makers are 

either at the pharmacy or payor level and generally little, 

if any, contact is required with prescribing physicians. 

In the early market development of biosimilars it is un-

likely that commercial infrastructures that mirror those 

used for generic small molecules will achieve substanti-

al success. However it should also not be forgotten that 

when small molecule generics first made an impact on 

the European market 20-30 years ago they also required 

clinical detailing and usage depended on acceptance 

from prescribers.

With the approval of the first biosimilars, the key physici-

an concerns have focussed mainly around patient safety 

and particularly the degree of immunogenicity versus 

the originator brands. These concerns were heightened 

in the late 1990’s, well before the introduction of bio-

similars, by the rare but serious immunogenicity prob-

lems related to one of the originator EPO brands. Small 

changes in the manufacturing process are thought to 

have resulted in changes to the pharmaceutical product 

and this in turn may have increased the immunogenic 

response in patients. Although these increased safety 

concerns were related to an originator brand, they did 

raise concern about all biopharmaceutical manufacture 

and physicians need to be convinced of the safety of 

biosimilars – particularly if they are to be administered 

subcutaneously in patients for extensive periods.

To successfully commercialise biosimilars it will be es-

sential to access the prescribers and address clinical 

concerns they may have in starting to advocate use 

in their patients. The infrastructure of clinical detailers 

and medical information specialists is likely to be simi-

lar to that employed by the originator biopharmaceu-

tical companies. The manufacturers of the originator 

brands, against which the biosimilars must compete, 

have over several years built up extensive field teams 

of both specialised clinical sales representatives and 

medical science specialists. These teams are generally 

able to access all prescribing physicians, nurses, phar-

macists and possibly payors within a country. For bi-

osimilar manufacturers it may be sufficient to access 

a much smaller number of these decision makers and 

establish ‘hybrid’ commercialisation structures that lie 

between a fully originator approach and the much smal-

ler infrastructure employed by generic small molecule 

manufacturers. 

There will almost certainly need to be differences in 

this ‘hybrid’ commercial infrastructure at each country 

level depending on the local market dynamics. They 

may also need to be flexible in size either increasing 

rapidly when the opportunities to prescribe increase as 

a result of tender acceptance or decreasing as the level 

of confidence in prescribing biosimilars increases over 

time. Countries with substantial retail markets may re-

quire larger teams for an extended period to ensure 

that physicians build and maintain brand loyalty when 

prescribing the biosimilars. In markets that are driven 

through hospital tenders the teams may be required 

initially to build acceptance but can then reduce in size 

once physicians are satisfied of the safety and efficacy 

of the biosimilars. 

In addition to the clinical sales teams it is expected that 

medical information specialists will also be required to 
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support the early acceptance of biosimilars. In parti-

cular they will help to communicate essential medical 

information and ensure that any post-marketing clinical 

requirements are met, particularly in compliance with 

the risk management plan (RMP). The RMP is a regu-

latory requirement for all European biopharmaceuticals 

and addresses key aspects of patient safety once the 

products are available on the market. In most cases 

this requires heightened pharmacovigilance, but may 

also include the collection of safety data from post-

marketing surveillance studies. 

Marketing Approach

Being highly similar to their reference originator pro-

ducts, the biosimilars are unable to differentiate them-

selves on the basis of quality, clinical safety and efficacy. 

Accepting this clinical similarity requires the marketers 

of biosimilars to look for additional non-clinical diffe-

rentiators in order to encourage usage by prescribing 

physicians. One of the most obvious differentiators, and 

the one that is expected to be most widely utilised, is 

overall treatment cost. As with small molecule generics 

it is expected that biosimilar manufacturers will enter 

the market at prices that ensure a lower treatment cost 

than can be achieved with the originator products. In the 

early biosimilar markets the prices that have generally 

been seen have been in the region of 15 – 20 % below 

the in-market prices of the originator brands. While this 

approach will continue to be used by biosimilar manu-

facturers, it is not the only means of differentiating the 

biosimilar products. 

By understanding the needs of the prescribing physici-

ans and their patients it is possible for the biosimilar 

manufacturer to add non-clinical features that are not 

available with the originator brands. In doing so it may 

be possible for the biosimilar manufacturer to increase 

the speed and degree of uptake of their products and 

possibly ensure that the level of price discount that they 

need to offer is less than would have been required 

without these differentiators. The non-clinical differen-

tiators that may be considered will depend on whether 

there are noticeable gaps in the features offered by the 

originator  brands. Examples of the types of differentia-

tors that could be developed are:

●  additional presentations that are not available with 

the originator and could give the prescriber greater 

flexibility and possibly reduce product wastage 

●  delivery devices that could assist patient self admi-

nistration and may improve compliance and injec-

tion comfort

●  safety devices that could provide increased protec-

tion to patients, their carers and health care pro-

fessionals

●  improved packaging that could reduce counterfeit 

products entering the market and may provide tam-

perproof evidence

●  additional supportive non-clinical data that could be 

added to the product information e.g. more exten-

sive stability data

If these types of non-clinical differentiators are to be 

added to the biosimilar product they will need to be 

planned well in advance of the launch into the market 

and the cost of implementing them will need to be justi-

fied by expected increases in sales. 

Summary

Although biosimilars are often referred to as ‘biogene-

rics’ they present unique and distinctly different marke-

ting challenges to their small molecule counterparts. The 

limitations in Europe on the substitution of originator 

brands by their biosimilar counterparts at the pharma-

cist level is the major difference and requires biosimilar 

manufacturers to find commercial approaches that will 

ensure uptake. As the biosimilar markets start to form 

it has been necessary to access clinical prescribers and 

convince them to prescribe biosimilars for their patients. 

To support this approach it is expected that biosimilar 
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manufacturers will adopt a ‘hybrid’ commercial infra-

structure which lies somewhere between the structures 

used by small molecule generic and originator brand 

manufacturers.

With the requirement to gain clinical acceptance it is 

unlikely that price will be the only lever to ensure 

uptake of biosimilars. Unlike small molecule generics 

it will be necessary for biosimilar manufacturers to 

first convince clinical prescribers of the safety, efficacy 

and quality of their products. With an ability to access 

clinicians, biosimilar manufacturers may take opportu-

nity to increase uptake and reduce their dependence 

on price by adding other non-clinical differentiators. 

As European governments become increasingly anxious 

to control the escalating costs of healthcare, the bio-

similars offer a huge opportunity to lower expenditu-

re on biopharmaceuticals and increase access to more 

patients. For those manufacturers that can overcome 

the unique commercialisation challenges presented to 

biosimilars the rewards are likely to be substantial. 

Paul Greenland is the Director of Biosimilar Marketing for EMEA at Hospira, Inc., a specialty 

pharmaceutical company headquartered in Lake Forest, Illinois, USA. Based in Leamington 

Spa, UK, he is responsible for the commercial development of Hospira’s biosimilar portfo-

lio across Europe, Middle East and Africa. He has coordinated the launch of Hospira’s first 

two biosimilar products, Retacrit and Nivestim, and is preparing for further introductions 

over the next few years.
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Discussion of any industrial sector, even for an emer-

ging and technically advanced sector such as the bio-

similar industry, is incomplete without an overview of 

Asia. Though at present only 3 % of the Indian populace 

is insured, and Chinese health expenditure amounts to 

a sparing USD 200 per capita, the increasingly affluent 

and geriatric populace will inevitably lead to a histori-

cally unprecedented demand for high quality medica-

tion – and an equally epic explosion of medical costs. 

Even Japan, whose aversion to generics is well-known, 

must come to terms with an accelerated adoption of 

generics, including biosimilars – or go bust. As costs 

accumulate, governments in Asia are likely to entice 

and increasingly enforce adoption of generics and bi-

osimilars. Some generations hence, it should not sur-

prise anyone if Asia becomes the driver of growth not 

just the pharma industry in general, but also for the 

biosimilars.

As is now customary for other industries, we begin by 

clearly distinguishing between Asia ex-Japan and Japan. 

The difference is indeed stark: Japan remains the only 

country in Asia with rigorous quality standards, popu-

lated by a large crowd of innovators, of which at least 

two companies (Chugai Pharmaceuticals, subsidiary of 

Roche, and Kyowa Hakko Kirin, originator of the Potel-

ligent technology) can boast 20+ years of experience 

in production of therapeutic proteins using mammalian 

cell culture. In contrast, Asia ex-Japan has had varying 

success in small molecule drug generics, but little to 

show for innovative drugs, much less so in drugs in-

volving fermentation for production. Also, we limit the 

discussion of Asia ex-Japan to regions where exporta-

ble, global-quality biosimilars are being manufactured. 

Although there are companies in other areas, such as 

Sinopharm in China, it is generally held that China’s 

pharmaceutical quality standards require some time 

before it is at par with that of the regulated markets. 

Currently, Shanghai CP Guojian is marketing biosimilar 

etanercept (Enbrel) in China while Shanghai Celgen’s 

etanercept molecule is currently in clinical trials.

Our tour of Asia begins with South Korea. Unlike its 

siblings in the electronics and automotive sector, Kore-

an pharma companies are comparatively underdevelo-

ped. The country has had just one innovative molecule 

approved by the FDA, an antibiotic developed by LG 

Life Sciences. Therapeutic proteins have been made in 

Korea, but mostly for domestic consumption. It would 

seem to be an inauspicious country for the development 

of biosimilars.

The glaring exception is Celltrion. Celltrion was found-

ed in 2002 by a consortium of investors and Vaxgen, 

formerly a vaccine unit of Genentech, originally for the 

purpose of producing recombinant antigen proteins for 

an experimental AIDS vaccine. Celltrion acquired know-

how in GMP production and mammalian cell culture 

from Vaxgen, who also trained Celltrion personnel in US 

cGMP management. Subsequently, Vaxgen abandoned 

development of the vaccine, but Celltrion survived by 

signing biopharmaceutical production contracts with 

Bristol-Myers-Squibb and Sanofi-Aventis among others. 

Contracts for manufacturing BMS’ abatacept have ended 

in January 2010, and Celltrion is now focusing its prodi-

gious manufacturing capacity solely on the production 

of biosimilars. 

Celltrion has one of the most advanced monoclonal 

antibody biosimilar pipelines, not only in Asia, but in 

the entire world. Clinical trial for CT-P06, trastuzumab 

biosimilar, has started in January, and completion is ex-

pected by 1H 2011. CT-P13, infliximab biosimilar, lags 

CT-P06 only by some months. The company is currently 

making validation batches of antibodies for less-regula-

ted markets where patent coverage of trastuzumab and 

Motoya Kohtani, Phd., and Karan Ahuja, Nomura Securities, Japan

The Biosimilar Opportunity in Asia
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infliximab is non-existent. Development for CT-P10 (ritu-

ximab) is already complete, and awaiting patent expiry. 

CT-P05(etanercept) and CT-P15(cetuximab) are in various 

stages of early development. The company is the third-

largest biologics CMO in the world, boasting a 50,000 L 

capacity with 90,000 L more coming online by the end 

of 2011, a capacity that far outstrips any other biosimilar 

maker – or even innovators – in Asia. The company has 

had extensive discussion with EMEA and other authori-

ties, in order to design clinical trials that are acceptable 

to all authorities. The company has an agreement with 

Hospira for co-exclusive marketing of eight biosimilars 

in US, Europe, Australia, and New Zealand. Finally, with 

the 2010 Q2 operating margin of 70 %, the company is 

Korea’s leading biosimilar maker, 
mostly from domestic sales 
of a biosimilar human growth 
hormone. Has a sustained release 
human growth hormone (SR-hGH) 
in development along with 
Biopartners. Also has antibody 
biosimilars in the pipeline.

LG Life Sciences

·  More than 20 years experience 
in manufacturing proteins using 
industrial-scale fermentation 

·  Already is manufacturing and 
selling two biosimilars in Europe

SANDOZ

Launched a G-CSF biosimilar in 
India in 2004. Formed a tie-up 
with Apotex in May 2008. 

INTAS

NIPPON KAYAKU

Partnership with India’s Intas 
Biopharmaceuticals.

APOTEX

Has a capital alliance with Indian 
company Zenotech, which is 
developing a rituximab biosimilar.

RANBAXY

biopartners

LONZA

·  Plans to seek US approval for 
rituximab biosimilar in 2013–14

·  Filgrastim biosimilar already 
approved in US and Europe

·  Acquired Sicor in 2004
· Acquired Cogenesys in 2008
· Acquired Ratiopharm in 2010

TEVA

Planning 2011 launch of 
biosimilars to leading antibody 
drugs such as infliximab and 
trastuzumab.

CELLTRION

·  In a sales alliance with Bio-
ceuticals

·  Holds the distribution rights for 
Epoetin zeta in most European 
countries and is preparing to 
seek regulatory approval in 
the US

Hospira

India’s leading biosimilar 
company. Markets biosimilar 
insulin in India,along with several 
biosimilar proteins. 

Biocon

Formed an alliance in 2009 with 
India’s leading biosimilar maker 
Biocon, with a view to sharing 
biosimilar development and 
investment costs. Mylan will have 
exclusive commercialization rights 
in the US, Europe, and Japan, and 
co-exclusive commercialization 
rights in other markets.

Mylan

·  The only company currently 
marketing antibody biosimilars. 

·  Markets a rituximab biosimilar 
in India, and a filgrastim biosi-
milar in India and other markets 
including Latin America. 

·  Launched darbepoetin biosimi-
lar recently.

Dr. Reddy ś

·  Holds a 16% stake in Bioceuti-
cals, which in turn holds a 67% 
share in Norbitec. 

·  Holds distribution rights for 
Epoetin zeta in Germany 
and some Eastern European 
countries.

·  Started preparatory work in 
2009 Q1 to develop biosimilars 
of monoclonal antibodies.

STADA

Markets G-CSF and interferon 
biosimilars in India.

Zydus Cadila

· Formed Merck Bioventures 
· Acquired GlycoFi in 2004 
· Acquired Insmed in 2009

MERCK

Launched erythropoietin biosi-
milar in Japan in May 2010. 
Three biosimilars in develop-
ment for enzyme replacement 
therapy in Lysozyme storage 
diseases

JCR

Announced a plan to enter 
follow-on-biologics and play a 
leadership role globally.
Collaboration with Biocon on 
insulin for Europe and US.

Pfizer

GSK

Acquired Eden Biodesign in 
January 2010. 

Watson

Established a biosimilar
development JV in 2009.

Collaboration on biosimilar 
antibodies

Established a biosimilar
development and sales 
alliance in 2009.

Commercialization rights 
outside Japan (2009)

Biosimilar sales alliance? (2009)

Figure 1: Key Biosimilar Partnerships         Source: Nomura

Contract Manufacturing
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also well-positioned to withstand any price competition 

from the innovators. It is this combination of aggressive 

capacity expansion and enviable positioning that may 

ensure, for Celltrion, a substantial role in the roll-out 

phase of the early monoclonal antibody biosimilars.

Other companies in Korea have adopted the biobet-

ter strategy rather than the straight biosimilar. LG Life 

Sciences has been selling growth hormones and ery-

thropoietin biosimilars in domestic and emerging mar-

kets. But their most advanced product is the SR-hGH, a 

first-in-class long-acting form of human growth hormone 

being developed with BioPartners GmbH. The drug is 

in Phase III in the EU/US with FDA approval expected 

in 2011. Others such as Hanall, Genexine, and Hanmi 

have worked on various technologies for extending the 

half-life of protein therapeutics. The LAPSCOVERY tech-

nology being developed by Hanmi Pharmaceuticals, a 

technology that links therapeutic agent with a recom-

binant carrier derived from a human protein, is notewor-

thy for being conceptually reasonable if not appealing. 

Nevertheless, the biobetter strategy is associated with 

an increased risk profile, the pipelines are at a very 

early stage, thus time and more data would be required 

before a firm verdict could be reached.

We then move onto India, a country that is already 

known as a reliable source of small molecule generics, 

and increasingly active in the biosimilar space. Many 

Indian generics companies have forayed into the biosi-

milars space in the past few years. We believe that the 

impetus was provided by the well-known amendment to 

the patent act enacted in 2005, whereby drugs patented 

after 1995 have retroactively received protection – in 

other words, pipelines plentiful in the past are now 

slowly drying up. What ensues is a divergence of busi-

ness models, with some targeting underpenetrated rural 

markets, others pursuing differentiation through various 

shades of innovation. Compared to a full conversion 

to the innovation model, a biosimilars strategy could 

be seen as a more natural fit since the medium-risk 

medium-return profile of biosimilars presents an attrac-

tive opportunity for differentiation in the overcrowded 

Indian generics landscape. 

Indian companies, like their global counterparts, initi-

ated a biosimilars strategy comprising relatively smal-

ler proteins such as EPO, G-CSF, interferons, etc. Their 

pipeline has gradually evolved to include monoclonal 

antibodies targeting therapy areas such as rheumatoid 

arthritis and different types of cancers. Some of the lea-

ding Indian companies producing biosimilars include 

Dr. Reddy’s, Biocon, Intas, Reliance Life Sciences, Ran-

baxy, Emcure, Wockhardt, Shantha Biotech, and Zydus 

Cadila. Dr. Reddy’s launched Grafeel (biosimilar G-CSF) 

in 2001 and Reditux in 2007 (biosimilar rituximab), 

which was also the world’s first monoclonal antibody 

biosimilar. In August 2010, the company launched the 

world’s first darbepoetin alfa biosimilar, called Cresp. 

Both Grafeel and Reditux were priced around 50 % 

below the innovator’s drug price and both launches led 

to a 10 fold increase in the total volume of drug sold. 

In the case of Reditux, the Innovator (Roche) cut prices 

by 50 % in order to compete with the domestic product 

and yet its market share is even with the biosimilar 

entrant, at 50 %. Cresp is also priced at around a 50 % 

discount to Eprex. In general, the use of biosimilars in 

India will continue to increase the drug penetration in a 

population that remains largely uninsured. One impor-

tant feature of the Indian companies is the alacrity with 

which companies have struck partnerships with inter-

national companies. The notable examples are Biocon-

Mylan, Biocon-Pfizer, Intas-Apotex, Ranbaxy-Pfenex, 

and Cipla-BioMab. Long experienced with marketing 

in regulated regions, Indian companies were quick to 

realize that partnerships with international companies 

are needed to market biosimilars. 

Indian companies are well positioned to exploit the 

biosimilars opportunity in semi-regulated and unregu-

lated markets. The Indian market itself offers a reason- 

able approximation to other emerging markets; clini-

cal evidence of safety and effectiveness gleaned in 

India can be translated to other emerging markets for 
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quick approval. Indian companies however face two 

challenges if they decide to venture into regulated 

markets: stringent quality requirements and a lack of 

experience in working closely with regulators for the 

approval of biologics and large molecules. Apart from 

proving similarity, the Indian players will have to focus 

on achieving high standards of purity in order to gain 

approval of the regulators. At Biocon’s latest earnings 

conference call, the company mentioned that it had 

initiated clinical trials for biosimilar human insulin in 

Europe and was working closely with the EMA on its 

own. Dr. Reddy’s is expected to initiate clinical trials 

of Reditux in Russia in the coming months. Reliance 

Life Sciences, a private subsidiary of the renowned 

conglomerate, reported earlier this year that it had 

completed clinical trials for EPO in the EU and was 

waiting to file for marketing authorization with the 

EMA and expects to market the product by next year. 

If approved, Reliance’s EPO could be the first appro-

ved Indian biosimilar in the EU, though how they will 

navigate the overcrowded competition in Europe for 

erythropoietin is less clear.

In the near future, Indian companies would most likely 

compete primarily in the emerging markets where their 

marketing experience can be leveraged. The Indian bio-

similars market would continue to be dominated by local 

players. However, it could take Indian companies some 

time to establish the rigorous quality standards required 

to gain traction in the regulated biosimilars market.

Finally, we conclude the tour of the Asian biosimilar space 

with Japan. Japanese generics market presents a paradox, 

about as inscrutable as the notorious zen conundrum. 

Considering that the country is saddled with debt that 

is 170 % of GDP, spends 33 trillion yen per annum on 

medical costs, one would be forgiven to expect a warm 

acceptance of generics. And yet, the share of generics 

in 2008 is still 18 % by volume, and many patients still 

steadfastly prefer branded off-patent drugs. 
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Figure 2: Overview of Japanese companies' biosimilar strategies       Source: Nomura
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In order to understand the Japanese generics space – and 

by extension, the biosimilar opportunity – it is important 

to note the preoccupation with quality that pervades 

Japan. It is not just that the regulatory requirements 

are among the toughest in the world, but the most 

forbidding aspect of the market is the near-obsessive 

sticklerism with which doctors and nurses hold drugs 

in general to account. Horror stories abound of drugs 

returned to manufacturers for the minutest irregularity 

in the packaging. A slight discoloration in the outside 

packaging would trigger a request for a full return. When 

we consider biosimilars, with its inherently higher risk 

profile, it is apparent that Japan is an extremely inhospi-

table market for biosimilars. As we have detailed in our 

report issued in June 2010, we do not believe that bio-

similars manufactured overseas can be sold directly in 

the Japanese market. Proof in point: overseas generics 

manufacturers in small molecule drugs have not gained 

traction in Japan. We believe it is highly unlikely to do 

so in the biosimilar space.

The paradox continues: if the biosimilar opportunity is 

so discouraging, why are so many Japanese companies 

entering the market? We believe the game-changer was 

the approval in January 2010 of erythropoietin biosi-

milar manufactured by Japan Chemical Research (JCR). 

JCR’s biosimilar was the second biosimilar approved 

in Japan, narrowly beaten by Sandoz’s human growth 

hormone biosimilar. Until recently, JCR is known for 

its single product: recombinant human growth hor-

mone. From 2002, the company focused all of their 

R&D efforts on biosimilars. Because their marketing 

resource is limited, the company signed an agreement 

with Kissei Pharmaceuticals for the domestic market. 

More importantly, GSK has exclusive rights for global 

marketing. The verdict is still out on the erythropoietin 

biosimilar opportunity in Japan – Kissei’s Apr-Jun quar-

ter sales was a meager YEN 99 million (about USD 1 

million), which is a minuscule portion of the 90bn yen 

Japanese erythropoietin market. JCR’s current pipeline 

includes a FSH biosimilar out-licensed to Asuka Phar-

maceuticals, and three biosimilars for enzyme repla-

cement therapy in lysozyme diseases which is being 

co-developed with GSK.

Since the landmark approval of JCR’s product, many Ja-

panese companies have publicly expressed their intent 

to pursue biosimilars. Note that the development is cur-

rently restricted to therapeutic proteins and that there is 

a significant reticence in the area of antibody biosimilar 

development. Of the generic makers, Sawai Pharmaceu-

ticals, Nichiiko, and Fuji Pharmaceuticals made public 

their intent to develop biosimilars. Nipro Pharmaceutical 

has been developing an erythropoietin biosimilar since 

2007, and is expecting approval by 2013. Since Nipro’s 

mainstay is dialyzers, bloodlines, concentrates, and dia-

lyzer machines, we believe there is considerable marke-

ting synergy and that Nipro may become the dominant 

player in the biosimilar erythropoietin market. In Sep 

2010, Sawai Pharmaceuticals issued 30bn yen worth of 

convertible bonds, 10bn yen of which the company has 

allotted for development of biosimilars. Fuji Pharmaceu-

ticals is collaborating with Mochida Pharmaceuticals for 

the development of a G-CSF biosimilar. Fuji and Mochida 

are targeting 2013-4 for approval. Teijin Pharmaceuticals 

has also included biosimilars in their mid-term plan, 

though little detail is known about their pipeline. Last 

though certainly not least, Nippon Kayaku, the most 

dominant player in the Japanese oncology generics mar-

ket, is currently developing TKN-732, a G-CSF biosimilar, 

with Teva-Kowa. 

Therapeutic proteins do not require 10,000L+ capaci-

ty for its manufacturing. But much greater capacity is 

needed for the development of antibody biosimilars, 

especially in light of the earlier point that biosimilars 

manufactured overseas would receive a cold welcome 

from doctors in Japan. We have tried to outline a strate-

gy for Japanese companies for the development of anti-

body biosimilars, which is shown in Figure 2. As we have 

detailed in our June report, one interesting player be-

hind the scenes is Toyobo Biologics. Toyobo is the only 

biologics CMO in Japan, with 20+ years of experience 

in mammalian cell culture. In fact, Toyobo had filed for 
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approval of t-PA (1989) and erythropoietin (1990), and 

had even received approval for t-PA (1991), though the 

drug was subsequently withdrawn due to patent infrin-

gement. It comes as no surprise that Nipro has chosen 

Toyobo for the co-development of erythropoietin: they 

already manufactured it some 20 years ago. Their cur-

rent capacity is only 4,000 L, but by virtue of being the 

only credible biologics CMO, their next move should be 

watched. Lastly, the one other player whose movement 

must be watched very carefully is Kyowa Hakko Kirin. 

The nature of the company’s Potelligent platform is such 

that the company possesses an unparalleled expertise 

in the manipulation of glycosylation – a very key ability 

in antibody biosimilar development. Kyowa Hakko Kirin 

has steadfastly refused any intention of entering the 

biosimilar market at company presentations but their 

entry, should it happen, would have great repercussions 

in Japan.

As was discussed above, the Asian biosimilar space is 

already teeming with competition ranging from estab-

lished players like Dr. Reddy’s and LG Life Science, to 

newer entries like JCR and Celltrion. Although one would 

expect that most of the players will be limited to their 

home market, some players may credibly venture bey-

ond the borders into the global market. Although Asia 

is primarily seen globally as a potential market for bio-

similars, and not as being at the forefront of biosimilar 

development, one would be ill-advised to disregard the 

rapid development in Asia.

Motoya Kohtani  |  Karan Ahuja
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A biotechnology pioneer since 1980, Amgen was one 

of the first companies to successfully discover, develop 

and make protein based medicines. With over 20 years 

experience in biotechnology manufacturing, Amgen is 

well placed to comment on the issues surrounding the 

introduction of biosimilars.

We believe that biosimilars have a role to play in the 

health care system. However, biosimilars – unlike gene-

ric drugs – are not identical to the innovative biologic 

products they purport to copy. This important distinc-

tion must be properly acknowledged and accounted for 

in any regulatory or policy initiatives governing the safe 

use of innovator and biosimilar (‘multi-source biologics’) 

products.

Amgen consider that, to date, the European Commis-

sion and the European Medicines Agency (EMA) have 

established acceptable science-based standards for the 

approval of biosimilars. These standards have been 

appropriately defined in relevant guidance documents. 

However, although the EU legal and regulatory frame-

work establishes standards for the approval of a bi-

osimilar product, neither the legislation nor guidance 

documents address topics affecting the actual appro-

val and clinical use of these products, such as naming 

criteria, labeling requirements, pharmacovigilance and 

interchangeability.

The European Union institutions are currently conside-

ring amendments to pharmaceutical legislation (both Di-

rective 2001/83/EC and Regulation 726/2004) that seek 

to ensure the traceability of biologic products (innovator 

and biosimilar) within the Union. Noting this retrospec-

tive action by European regulators, it would seem pru-

dent that US regulators consider the challenges posed 

by multisource biologics to the US pharmacovigilance 

systems before these products reach the market.

Biosimilars: European product approvals and uptake

An abbreviated process for the approval of biosimilar 

products was adopted in Europe in 2004/2005 in article 

10(4) of directive 2001/83. In 2006, the EMA released the 

first regulatory guidelines that defined the standard for 

the approval of specific classes of biosimilars. Most EU 

Member States have taken, or are in the process of ta-

king, national measures to ensure that biologic medicines 

are not automatically substituted without the physician’s 

prior informed consent. Amgen supports this approach.

The first biosimilars (approved in the EU in 2006) were 

two growth hormones from Sandoz and BioPartners, alt-

hough these products have not gained much use in clini-

cal practice. Fifteen biosimilar marketing authorisations 

(two growth hormones, five erythropoiesis-stimulating 

agents – ESA's and eight granulocyte-colony stimula-

ting factors – GCSF's) have now been issued for seven 

different molecules in the EU. These figures exclude the 

marketing authorisations issued in October 2009 for 

two ESA's (both Epo theta) as these were not submitted 

or approved as biosimilar products.

In Germany, Sandoz, Hexal and Medice launched Epo 

Alfa in October 2007. Stada and Hospira introduced Epo 

Zeta to the market in February 2008 and Ratiopharm 

followed suit with Eporatio in February 2010. CT Arznei-

mittel launched Biopoin (Epo Theta) in Germany in late 

2009 but this, as described above, was not approved 

as a biosimilar.

These fifteen biosimilar products have seen varying de-

grees of uptake, depending on the country and product 

class. In the nephrology setting, there has been limited 

penetration for biosimilars outside Germany. In oncolo-

gy, biosimilar use, to date, has been more evenly distri-

buted throughout the EU.

Charles Brigden, Amgen UK & Ireland, United Kingdom

Important Lessons from the Implementa-
tion of the European Biosimilar Pathway
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Pharmacovigilance, naming and traceability

The European Pharmacovigilance System

Effective pharmacovigilance depends on the ability to 

detect an adverse event and reliably trace the cause of 

that event. Since 2001 the EMA has used a centralised 

EU database, called ‘EudraVigilance’, as a processing 

network and management system for reporting and 

evaluating suspected adverse reactions during the de-

velopment and post-approval use of medicinal products 

in the EU.

In the case of biologic medicines it is well established 

that adverse events can involve a latent period, espe-

cially when these events result from the unintended 

stimulation of the human immune system. Therefore, in 

settings such as chronic kidney disease, where patients 

may be exposed to several different biologic medicines 

over long periods of time (each biologic – an ESA – 

being used for the treatment of anaemia) it is vital that 

the specific medicine causing the adverse reaction is 

correctly identified. 

Nomenclature can support or confound 

pharmacovigilance efforts

Identification of the causative agent is predicated on 

the ability to trace the agent using a unique identifier 

(such as the product lot number) and is further assisted 

by the use of appropriate nomenclature. At present, the 

voluntary World Health Organisation (WHO) nomencla-

ture convention allows a biosimilar medicine to adopt 

the same International Non-proprietary Name (INN) as 

the reference product. This compounds the issue of 

‘traceability’ when prescribing is based on INN alone. 

WHO has currently decided not to change the existing 

naming criteria for biologics resulting in an inconsistent 

approach to the naming of biosimilars. For example, in 

Europe, there are two approved biosimilar molecules 

that reference Eprex (epoetin alfa). One has used the 

same INN as the reference product (epoetin alfa) while 

another voluntarily uses a different INN (epoetin zeta). 

Thus in practice, three separate and unique molecules 

(reference product and two distinct biosimilars) incon-

sistently utilise the same or a different INN.

The need for traceability applies to both innovator and 

biosimilar products. However, despite investment in the 

world’s most advanced safety systems, Amgen remains 

concerned that inadequate product identification and 

non-standard nomenclature will confound the efforts of 

regulatory authorities to further characterise the benefit/

risk profile of biosimilar medicines. 

One noteworthy development, that prompted specific 

action by the EMA pharmacovigilance working party 

(PhVWP), was the report of immune-mediated adver-

se events in one of the post-approval ESA studies 

conducted by Sandoz/Hexal (study reference INJ17).  

Experiences such as these have given the medical 

community, regulators and the industry an indication 

of some of the important challenges of multi-source 

biologics.

Communication from European Commission to EU 

Heads of Agencies (July 2007)

Shortly after the first approvals of multi-source ESA’s 

and in anticipation of the concerns surrounding tracea-

bility, the European Commission (EC) felt strongly that 

measures needed to be taken to address the unique 

nature of biologics. The following is an extract of a letter 

from the EC to member states:

‘Re: Adverse reaction reporting and traceability of gly-

coproteins

… It is intended that this initiative will address the spe-

cific issue of pharmacovigilance in relation to biological 

medicinal products such as erythropoietin … to deal 

specifically with adverse reactions’ reporting and tra-

ceability in the case of complex biological medicinal 

products – whether biosimilar or innovative … I would 

like to invite you to take any necessary measures to en-

sure that the reporting and pharmacovigilance systems 

operated in your Member State …
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●   Includes … a method to link suspected adverse reac-

tions reports to specific products (such as a unique 

product identifier);

●   Ensures that prescribing doctors know which gly-

coprotein has been given to their patient in cases 

where reporting relies on prescribing doctors, and 

taking into account that substitution may occur in 

some systems at the level of pharmacies.’

UK Drug Safety Update (February 2008) Reporting Sus-

pected ADRs for Biosimilars

A year later, the UK Medicines and Healthcare products 

Regulatory Agency (MHRA) produced a similar commu-

nication to its healthcare professionals.

‘… it is very important that adverse drug reactions 

(ADRs) are properly assigned to the suspect product. 

Particular care needs to be taken when reporting ADRs 

associated with biosimilar products. To ensure that any 

ADR that you report is assigned to the correct product, 

it is important that the product name rather than the 

substance name is used for reporting …’ 

The MHRA therefore recommends that physicians prescri-

be biologics by brand name.

Communication from EMA to Amgen (December 2009) 

Following the suspension of the Sandoz/Hexal study (INJ 

17) and subsequent deliberations of the PhVWP, Amgen 

received a letter from the EMA requesting a label change 

for its ESA, Aranesp. In short, the CHMP and the PhVWP 

had concluded that the product information of all brand 

epoetins (ESA’s) and biosimilars should be revised and 

harmonised to add a warning regarding inadvertent 

switching between different ESAs.

Despite this development, no fundamental changes 

have yet been made to the pharmacovigilance systems 

at an EU or a member state level. In June 2010 however, 

a political agreement was reached among member sta-

tes to ensure that ‘… all appropriate measures are taken 

to identify any biological medicinal product prescribed, 

dispensed, or sold in their territory which is the subject 

of a suspected adverse reaction report …’

EMA Biosimilar Guidelines

Small numbers of patients in pre-approval clinical trials 

are insufficient to detect less common adverse events. 

Therefore, robust post marketing safety surveillance of 

adverse events is required in order that regulators have 

the necessary information to make informed benefit/risk 

judgments about biosimilar products.

The EMA guidance documents for biosimilars establish 

the rationale and requirements for post-approval moni-

toring of biosimilars largely replicating policies in place 

for innovative biologics:

“Overarching” Pharmacovigilance Guideline 

(CHMP/437/04)

“It should be recognised that, by definition, similar 

biological medicinal products are not generic medicinal 

products, since it could be expected that there may be 

subtle differences between similar biological medicinal 

products from different manufacturers or compared with 

reference products, which may not be fully apparent 

until greater experience in their use has been establis-

hed. Therefore, in order to support pharmacovigilance 

monitoring, the specific medicinal product given to the 

patient should be clearly identified.”

This statement therefore first establishes the need for 

post-approval monitoring of biosimilars (which is not 

required for generic medicines) and secondly the need 

for traceability.

The “Non-clinical/Clinical” guideline (EMEA/CHMP/BMWP/ 

42832/2005) provides more detail on this expectation:

“Data from pre-authorisation clinical studies normally 

are insufficient to identify all potential differences. 

Therefore, clinical safety of similar biological medicinal 

products must be monitored closely on an ongoing ba-
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sis during the post-approval phase including continued 

benefit-risk assessment.”

“Pharmacovigilance systems … and procedures … to 

achieve this monitoring should be in place when a mar-

keting authorisation is granted. Any specific safety mo-

nitoring imposed to the reference medicinal product or 

product class should be taken into consideration in the 

risk management plan.”

The current EMA biosimilar guidelines therefore set the 

expectation that post-approval pharmacovigilance is an 

essential tool in the on-going benefit/risk evaluation 

of these drugs. These guidelines do not however fully 

address the necessary actions required to ensure the 

design and implementation of an effective pharmacovi-

gilance system.  Amgen supports the EMA’s biosimilar 

guidelines but welcomes more clarity on the implemen-

tation of these guidelines. 

European Public Assessment Reports (EPAR) &

Risk Management Plans (RMP)

With a number of biosimilars approved in the EU it 

is possible to review the post-approval commitments 

imposed by the EMA on their manufacturers. These post-

approval commitments, outlined in the RMP, shed light 

on the questions being posed by regulators in the post-

approval setting and further illustrate the challenges 

that may be placed on the European pharmacovigilance 

system.

Depending on the nature of the safety concern associ-

ated with a given product, routine pharmacovigilance 

has been complemented by other mechanisms such as 

registries, the use of call centers, patient follow-up and 

additional clinical studies.

Examples of recent biosimilar RMP’s are outlined below:

Zarzio® (filgrastim)

Section 2.5 of the EPAR defines the RMP for Zarzio®.  

This plan outlines twelve specific safety concerns to 

be monitored after approval by the following mecha-

nisms:

● Routine pharmacovigilance

● Phase 4 study

●  Pharmacovigilance program for patients with severe/

chronic neutropenia (SCN)

● Collaboration with the SCN registry

● Collaboration with apheresis centers

●  Safety follow-up of healthy subjects in phase 1 studies

Binocrit® (epoetin alfa)

The pharmacovigilance section of the EPAR for Binocrit® 

outlines four safety concerns to be monitored by the 

following mechanisms:

● Routine pharmacovigilance

●  Survey after 6-months treatment to investigate off-

label use (i. e. subcutaneous route of administration)

●  Cohort study to monitor pure red cell aplasia (PRCA) 

in chronic kidney disease (CKD) patients 

●  Cohort study to investigate adverse events and loss 

of efficacy in CKD patients following intravenous use 

●  Study to evaluate safety and immunogenicity of the 

subcutaneous route of administration in pre-dialysis 

patients

 

These RMP’s illustrate the significant post approval 

commitments required for biosimilars in the EU. Such 

commitments are in addition to the well recognised cost 

burden for the development of these products as high-

lighted in the EC Pharmaceutical Sector Inquiry. 

Extract from the EC Inquiry:

“… Furthermore, generic companies considered that bi-

osimilar products will achieve fundamental cost savings 

for national health care systems, as existing biophar-
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maceutical products are generally highly priced medi-

cines. However, compared to chemical molecules, the 

savings expected are less prominent due to the high 

costs involved in the development of biosimilars …”

Post approval commitments and development costs 

may therefore continue to impact the economics of the 

multisource biologic marketplace.

Conclusions

The EU institutions are proposing amendments to phar-

maceutical legislation that seek to ensure the traceabili-

ty of biologic products within the European Union. Such 

legislation, if passed, will apply equally to innovator 

and biosimilar medicines. Further discussion is needed 

in order to ensure the U.S. post-approval pharmacovi-

gilance system is appropriately prepared for the chal-

lenges of multisource biologics. A number of biosimilars 

have been launched with varying degrees of uptake in 

the EU since 2007. Risk management plans, in addition 

to development costs, may continue to impact the eco-

nomics of the multi-source biologics marketplace.

Charles Bridgen

Charles Brigden is an Executive Medical Director at Amgen where he is responsible for 

the company’s R&D activity in the UK & Ireland and also for supporting an international 

taskforce that focuses on biosimilar issues. He joined Amgen UK & Ireland in 2004 as 

Therapeutic Area Lead in Oncology. Prior to joining Amgen, Charles worked for Eli Lilly 

& Company as a Clinical Research Physician involved in the launch of a biologic drug 

treating patients in Intensive Care.

Before joining the biopharmaceutical industry, Charles worked as a physician and sur-

geon in the UK National Health Service having qualified at St Bartholomew’s and the 

Royal London Hospital Medical College with a degree in medicine. He is a Fellow of 

the Royal College of Surgeons, a Member of the Faculty of Pharmaceutical Medicine of 

the Royal College of Physicians and holds an MBA from Columbia & London Business 

Schools.

DVFA-Broschur.indb   53 11.11.2010   12:10:10 Uhr



54 |  Biosimilars in an Individualized Therapeutics World – The Challenge in Oncology

In an aging population the incidence and prevalence 

of cancer will rise steadily over the coming decades. 

Driven by advances in Research & Development, new 

therapeutics will be added and/or replace current me-

dications. Because cancer is a highly individual di-

sease, individualized therapeutics will be the future 

model for cancer therapeutics. Current first generation 

individualized cancer biologics like Rituxan, Herceptin 

and Erbitux will be complemented or replaced by a se-

cond generation, used in concert with chemotherapy. 

The coming decades may see the rise of new classes 

of cancer therapeutics, like vaccines. As a result, a 

growing individualized cancer biologics toolkit will be 

at our disposal.

Driven by these advances, survival of cancer patients 

will further increase and so will costs. As consequence 

of rising healthcare costs, political pressure will result in 

more streamlined regulatory guidelines for biosimilars. 

In combination with improvements in the manufacturing 

of biologics, and a better scientific understanding of 

their physico-chemical properties, the biosimilars mar-

ket will expand. At the same time, differences between 

developed and developing nations will diminish crea-

ting new market opportunities, but also new competi-

tors. Clearly, there are new rules and new players.

Regulatory authorities worldwide are currently busily 

drafting guidelines for biosimilar approval pathways 

and there seems to be agreement that regulatory pa-

thways for biosimilars need to be different and more 

complex than for generics, but at the same time much 

simpler than for original biologics. In our view, it is 

likely that in the future, in case the same cellular ex-

pression system is used, market approval for biosimi-

lars in Europe, and elsewhere, will be granted based 

on the demonstration of comparability to the origina-

tor product based only on biochemical analysis, acute 

tox and pharmaco-kinetic testing in suitable animal 

models, without the need for costly and time consu-

ming clinical studies.

Driven by the demand for affordable therapeutics, China 

and India have already seen market entry of many bi-

osimilars over the last ten years. According to a recent 

report from “Business Insights”, over 30 domestically 

produced protein therapeutics and 41 vaccines were 

commercialized in China in 2007. About 95 % of these 

were biosimilars, which are manufactured and marketed 

by over 400 domestic manufacturers. Accordingly, Bio-

pharmaceutical production value has grown from USD 

30 million in 1986, to USD 4.2 billion in 2005 with strong 

two digit yearly growth rates. Growth rates in India are 

similar to China and projected to grow to almost USD 

5 billion by the end of 2010. Amongst the largest Indi-

an pharmaceutical companies, Dr Reddy’s Laboratories, 

reported revenues of USD 1.56 billion in FY2010 with a 

CAGR of ~ 25 % over the last decade. The percentage of 

international (ex-India) revenues moved up to 82 % in 

FY2010 (from 40 % in FY2000). Reditux, a biosimilar of 

Roche’s cancer blockbuster Rituximab, is manufactured 

by Dr Reddy’s in India since 2007.

With Erythropoietin (EPO) and GM-CSF, the European 

Union has seen the first biosimilars approved under 

new specific guidelines for individual “Biosimilar Pro-

ducts”, and since June 1, 2006 the “Guideline On Similar 

Biological Medicinal Products Containing Biotechnology-

Derived Proteins As Active Substance: Non-Clinical And 

Clinical Issues” is in place. A guideline for Antibodies 

(“Guideline On Production And Quality Control Of Mo-

noclonal Antibodies And Related Substances”) is also 

in place, and drafts like the “Concept Paper On The 

Development Of A Guideline On Similar Biological Me-

dicinal Products Containing Monoclonal Antibodies” are 

under discussion.

Dr. Rainer Wessel, Ganymed Pharmaceuticals AG, Germany
Dr. Karl-Heinz Sellinger, SellWiss GmbH, Germany

Biosimilars in an Individualized Therapeu- 
tics World – The Challenge in Oncology
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Prominent European generics producers have ente-

red the biosimilar market, mainly via partnerships or 

takeovers. Like in the case of original biologics, bio-

tech companies will continue to play a major role in 

this process. Many original blockbuster biologics with 

projected sales from 2013 to 2015 of USD 17 billion, 

USD 9, and USD 20 billion respectively will lose patent 

protection soon. And biosimilars will compete, as soon 

as product exclusivity has expired, although price dif-

ferences will most likely not be as pronounced as for 

generics. Figure 1 shows biosimilar opportunities in 

the coming years.

Monoclonal antibodies (mAbs) are currently still percei-

ved by many to be a bigger challenge for biosimilar de-

velopment than EPO and the like. However streamlined 

manufacturing of mAbs is developing fast, as well as 

a good understanding regarding the relevant physico-

chemical properties of mAbs on the regulatory side. This 

will enable a simplified regulatory pathway and more 

streamlined, rapid and cost efficient development of 

biosimilars. 

Until now, no guidelines for biosimilars are in place in 

the US, and in the absence of clear legal and regulatory 

guidelines for biosimilars, there will be ongoing concern 

that originator companies will sue biosimilar manufac-

turers whilst generic companies regularly contest pa-

tents on grounds of invalidity or unenforceability delay 

consensus on legislation. However, the US is closely 

watching the introduction of the European guidelines 

and developing own legislation.

 

Figure 1:  Number and value of biologic drugs set to lose patent protection per year through 2015 
Source: CapGemini Consulting and DVFA 2010, Biosimilar series: Forecast analysis: Datamonitor, June 2009; 
Biosimilars 101, Credit Suisse, August 2009
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Figure 2:  Principal protection strategy for truly innovative individualized therapeutics     Source: Ganymed Pharmaceuticals AG

The World Health Organization and numerous countries 

like Argentina, Canada, Malaysia, Turkey and Saudi Ara-

bia have produced draft guidelines on biosimilar me-

dicines. Regulators in Japan and Korea, amongst other 

countries, are also examining approval pathways for 

biosimiliars.

However, new medicines will only be developed if the 

originator company has a fair chance of recovering the 

substantial cost for developing innovative medicines 

and of earning money. A serious problem is the wi-

dening gap in protection for originators biologics as 

patent law develops worldwide towards weaker and 

narrower product protection. Another serious problem 

is the absence of clear guidelines for determining the-

rapeutic benefit cost ratios by agencies like NICE in 

U.K. or IQWIG in Germany, and the increasing regula-

tory burden faced by innovators.

Innovative pharma and biotech companies, challenged 

by the above problems and struggling to fill their pipe-

line, will need to innovate at a much higher pace then in 

the past in order to achieve sufficient return on invest-

ment from innovative biologics, and they will have to 

accept a much higher development risk. They will need 

to start early with novel approaches directed at novel 

pathways and their targets. Biotechnology companies 

like Ganymed Pharmaceuticals AG in Mainz, that de-

velop highly effective therapeutics against truly cancer 

specific novel target structures with high prevalence in 

major cancer indications offer products that follow this 

paradigm.

Innovative pharma and biotech companies also will 

need to develop new business models and to refine and 

enhance their IP strategies. Starting at target level all 

the way up to the market, a coherent and comprehensi-

ve patent strategy should allow for sufficient market ex-

clusivity time to enable attractive returns for investors. 

Figure 2 shows the principal protection strategy for truly 

innovative individualized therapeutics.
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A new pharma business model: Innovative originator 

biologics and biosimilars under one roof 

Competition by biosimilars clearly needs to be accepted 

by the innovators. However, because innovative thera-

peutics are desperately needed by patients, innovators 

need legal security in a stable intellectual property pro-

tective environment to justify their investments in novel 

biologics to shareholders. In addition, biosimilars would 

not exist without the innovators. Cancer patients will be 

served best by a broad variety of individualized biolo-

gics, innovative and biosimilar.

The currently observed lower price reductions of biosi-

milars in comparison with generics can be exploited by 

originators to bank on their process and product expe-

rience by relatively modest price reductions to become 

players in the biosimilar markets themselves. I. e. the 

first Biosimilars have been launched in Europe at prices 

20 % lower than the originator‘s product. In comparison, 

prices for generics can be up to 80 % lower. The future 

price differential between originator biologics and bio-

similars will be a crucial factor in influencing switching 

from an established brand.

Discussions, which are currently raging quite fiercely 

between advocates for innovator and biosimilar con-

cepts, should therefore focus more on mechanisms of 

co-existence between both groups, because a stable 

health system will need both, the developers of innova-

tive originator biologics and the biosimilar manufactur-

ers. Clearly, one way to achieve this is the development 

of a mixed portfolio of innovative originator biologics 

and biosimilar biological products inside the same orga-

nization. Companies like Novartis / Sandoz could provi-

de a model. Examples of this model seem to be on the 

rise, worldwide.

Dr. Rainer Wessel | Dr. Karl-Heinz Sellinger

Rainer Wessel has more then 20 years of experience in the Life Sciences. Currently, 

he serves as Chief Business Officer & Spokesman at Ganymed Pharmaceuticals AG in 
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three major financing rounds. Before joining GANYMED, Rainer served as CEO at Axxima 

Pharmaceuticals AG, Munich, as Head of Intellectual Property and Licensing at Qiagen, 

and at Boehringer Ingelheim in R&D and Intellectual Property in Japan and Germany. He 

is a member of the Board of BIO Deutschland (Berlin), a member of the International 

Institute of Strategic Studies (London), and a member of the Supervisory Board of the 

International Council for the Life Sciences (Washington, D.C).

Karl-Heinz Sellinger has more then 30 years of experience in the Life Sciences. Cur-

rently, he is CEO of SellWiss GmbH, Wollmar. Karl-Heinz was formerly responsible at 

major pharmaceutical companies for registration of over 20 APIs for clinical studies, 

product-transfers (various locations and partners) and market supply. His competence 

covers novel biopharmaceutical and biogeneric APIs from clinical material to market 

supply. Previous projects include EPO, various MABs and PABs, PA, G-CSF, Interferons, 
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As with biotechnological product or pipeline valuation 

in general, the “classical valuation tools” such as DCF-

methods or valuation multiples based on earnings esti-

mates (e. g. EV/EBITDA or PE) cannot be applied in the 

valuation of biosimilars. Instead, valuation methods for 

experimental drugs should be applied but only after ad-

aptation for the specific purpose and the specific situa-

tion of biosimilars.

Risk-adjusted present value calculation for biosimilars

In contrary to DCF valuation that cannot sensibly be 

applied before phase III of development, risk-adjusted 

present value calculation can be used to evaluate pro-

ducts that are in early phases of clinical development 

or even at the preclinical stage.

The calculation of the risk adjusted present value of 

individual products or company pipelines can be perfor-

med either on a case-to-case basis or standardised as is 

the case for the DZ BANK pipeline valuation model. The 

standardisation increases comparability and transpar-

ency of the valuation process. In short, individual deve-

lopmental projects or even complete product pipelines 

are valued by estimating future cash flows, risk adjus-

ting them for success/failure rates and discounting them 

to the date of interest (usually the current date). 

Any pre-existing pipeline valuation model has to be ad-

justed for specific biosimilar factors such as different 

success probabilities, less development costs, shorter 

development times and different market dynamics (e. g. 

price erosion and number of competitors).

Selecting input factors for valuation of biosimilars

In order to make valuations comprehensible and compa-

rable, standard parameters should be utilised and input 

factors should be transparent.

Input factors can be divided into:

 

1.  General input factors which are of lesser 

importance

● Beta

● WACC 

● Growth in perpetuity 

2.  Specific factors before market entry, such as:

● Duration of pre-clinical and clinical trials 

● Success/failure rates

●  Development costs either till a certain stage 

(e. g.till reaching clinical proof-of-concept) or 

for full development 

3. Specific factors after market entry, such as:

● Price discount against the originator

● Estimated market potential or peak sales

● Number of competitors

●  Automatic substitution or individual marketing 

and sales required

● Production costs 

Success rates for biosimilars

Success rates for biosimilars are difficult to estimate, as 

currently there is too little historical information availab-

le. Probabilities will vary in individual cases, depending 

on the target, the product class and its molecular com-

plexity, the indication, the potential to induce immu-

nogenicity, the experience of the management and the 

clinical endpoints selected. Class specific considerations 

Dr. Elmar Kraus, DZ BANK, Germany

Valuation of Biosimilar Products 
and Pipelines
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are: a small protein (e. g. biosimilar EPOGEN), consis-

ting of just one polypeptide chain, is certainly easier to 

develop than a complex antibody (e. g. biosimilar RITU-

XAN), consisting of two light and two heavy chains with 

specific glycosylation profiles, which have a significant 

impact on its effector function, efficacy, clearance, and 

immunogenicity. 

Regulatory risk: Legislation and regulatory guideli-

nes are in place in the EU with guidelines on product 

groups or individual drugs currently in preparation or 

already in place. In the US on March 23rd 2010, the 

“Biological price competition and Innovation Act of 

2009” was signed. The FDA is now required to out-

line the regulatory pathway for biosimilars in the US, 

to clarify the terms “biosimilar” versus “interchange-

able” and to issue individual guidance on particular 

biological drugs. The process might take one to two 

years and the first hearing was held in November 2010. 

In Europe, so far, 14 biosimilars have been approved 

by the EMA, one filing has been rejected and another 

one withdrawn, but numbers are clearly too low to 

draw a comprehensive conclusion. 

Technology risk: While a considerable cost advantage 

of biosimilars over the respective originator could 

come from using up-to-date equipment and optimised 

cell lines for manufacturing with much higher output, 

this may come at a price: manufacturing of original 

biotech products is often performed with old equip-

ment, that had been suitable and the method-of-choice 

at the time of development. As biotech products and 

biosimilars are also defined by the manufacturing 

process (“the product is the process”), even with the 

same genetic sequence as the starting point of a bi-

osimilar production, the use of advanced cell lines, 

new optimised cell culture media and state-of-the-art 

equipment may result in a product no longer being 

considered as sufficiently similar. The risk associated 

with the use of different and up-to-date technology 

in order to improve productivity should be of lesser 

importance in the case of hormone drugs (such as 

Erythropoietin/Epo) but of particular importance in the 

case of biosimilars that are to be used in (compara-

tively) high amounts per therapeutic dose like some 

antibody drugs or insulin.

GMP compliance: With even market leaders keep get-

ting warning letters from the FDA, the risk of product 

contamination or high batch to batch variability is much 

higher than for conventional drugs. One solution is to li-

aise with established manufacturers of biotechnological 

drugs. The higher production price may have to be ba-

lanced against the economic implications of a GMP com-

pliance issue that could delay or inhibit market entry. As 

an example, generics giant Teva recently announced a 

joint venture with world-leading contract manufacturer 

Lonza for the development of biosimilar antibodies. 

Taken together, for biosimilar drugs the success proba-

bility should still be higher than for me-too products, 

because safety and tolerability as well as clinical proof-

of-concept have already been demonstrated by the 

originator. Set-up, duration, dosing regimes, compre-

hensive endpoints, and best suitable patient characte-

ristics of clinical trials are in the public domain and can 

be utilised to design a clinical trial for a biosimilar drug. 

As the main risks preventing biosimilars from approval, 

we see failure in clinical development (e. g. caused by 

unexpected side-effects in phase III clinical trials) and 

in the market authorisation approval procedure. The 

current approval rate for biosimilars is 92 % in Europe 

(source: EMA).

With the limited knowledge publicly available so far, one 

may assume an overall probability for market approval 

of at least 50 % for a biosimilar as compared to below 

5 % for a standard preclinical-stage drug candidate.
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Duration of pre-clinical and clinical trials 

For biosimilars: Compared to biological drugs, duration 

of trials are shorter for pre-clinical development, but 

more importantly also for clinical trials. EMA requires 

only one comparative clinical phase I and phase III trial 

and the number of patients required is also reduced. 

This allows for a seven to eight year total development 

time, compared to up to 12 year development time for a 

biological drug. As an example, the regulatory package 

for biosimilar Epoetin alfa from Sandoz encompassed 

clinical data from roughly 1.000 patients in five phase 

I studies and three phase III studies in two different 

indications (renal failure and oncology). 

Money spent for (full) development

Clinical development costs for biosimilars are based on 

required patient numbers multiplied with standardised 

cost per patient estimates or individualised for indica-

tion and stage. Development costs for biosimilars are 

thus estimated to be somewhere between USD 100 mil-

lion and USD 150 million (see Table 1). 

In developmental terms, biosimilars are much closer 

to their respective originator than to classical gene-

rics, both in terms of time-to-market and development 

costs. As time-to-market clearly exceeds initial time 

period of standard DCF-calculations, different valuati-

on methods have to be used, as is the case for “clas-

sical” biotechnological drugs.

Market potential

In order to calculate the market potential of biosimilar 

drugs, the starting point is the current sales volume 

of the originator drug:

●  Reduction of market potential by lower prices  

With the long development time, high costs and 

sophisticated know-how required, the number of 

generic competitors should be small (i.e. not more 

than three or four) as should be the expected price 

drop. From data published from the launched bio-

similars in Europe, we assume a price drop in the 

range of between 30 % and 50 %, certainly much 

less than the 90 % seen with conventional generics. 

This is a little higher than the assumptions from 

the US congressional budget office, which projects 

a 10 – 30 % price discount for biosimilars but lower 

than some other estimates that are around.

●  Market penetration lower than for classical generics 

As we expect prices to decrease only by 30 – 50 %, 

we do expect the market penetration of biosimilar 

drugs to reach much lower levels, the actual rate 

depending on the product (see Figure 1). The low le-

vels expected for insulin are related to the patented 

pens, to which a biosimilar producer will have no 

access. Market penetration will increase dramatically 

if automatic substitution is allowed in the US. Cur-

rently, the market assumes, that FDA will not permit 

automatic substitution or will require lengthy clinical 

cross-over studies. If this is the case, companies 

Generics Biosimilars Originators

No. of patients in various 
phases of development

20 – 50 patients ~ 500 patients ~ 1000 – 2000 patients

Time to market 2 – 3 years 7 – 8 years 8 – 12 years

Development costs USD 2 million – 3 million USD 100 million – 150 million USD 500 million – 1 billion

Success probability 90 – 99 % 50 % 5 %

Table 1: Development efforts in comparison
Source: Sandoz (figures are average and can vary considerably depending on the actual indication), DZ BANK
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are forced to brand their biosimilar and invest in 

sales and marketing infrastructure for promotion. 

These assumptions are backed by a few data points. 

Biosimilar Lovenox reached a 40 % market share in 

the first month of launch. It gained US-approval as 

an AB-rated (= substitutable) version in July 2010. 

Penetration rates for biosimilars are closer to 10 % 

in Europe, where automatic substitution in most 

countries is not permitted. An exemption is the UK, 

where the clinical watchdog NICE (National Institute 

for Clinical Excellence) recently determined that all 

available biosimilar human growth hormones are in-

terchangeable. It remains to be seen, whether other 

and more complex biological drugs will also be con-

sidered interchangeable.

Case study biosimilar Rituxan/Mabthera

Scenario analysis to derive market potentials

In a scenario analysis, market potentials of individu-

al biosimilars can be estimated on the basis of the 

expected worldwide sales of the originator based on 

current sales figures.
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Figure 1: Estimates for the biosimilars market (2015)
Source: Credit Suisse, Biosimilars 101, August 2009

Number of
Biosimilar Players

Automatic
Substitution

Price Erosion Total Market 
(USD million)

Biosimilars Market 
Share

(Sales / USD million)

Individual Biosimilar
Market Potential

(USD million)

0 No 0 % 8.705 0 % n/a

2 No 20 % 6.964 20 % (1.393) 0,696

3 No 30 % 6.094 30 % (1.828) 0,548

5 No 50 % 4.352 50 % (2.176) 0,435

5 Yes 50 % 4.352 80 % (3.482) 0,696

7 Yes 80 % 1.741 90 % (1.567) 0,224

Table 2: Scenario analysis to derive market potentials      Source: Scrip 100; DZ BANK estimates
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Example: Market potential of biosimilars to RITUXAN/

MABTHERA (Roche) in 2015 (4 % growth p. a. implied: 

USD 8.705 million)

Starting from the expected market potential for the 

original product without biosimilar competition, the 

expected price erosion and market penetration de-

pends by and large on the number of players in the 

market and whether automatic substitution will be 

granted or not.

One of the reasons for the currently low market pene-

tration of biosimilars is the assumed absence of auto-

matic substitution, since biosimilars are not identical 

to the original drug but only similar. With “normal” 

generic drugs, the pharmacy in the US automatically 

substitutes the original drug with a cheap generic. 

When automatic substitution is not granted, manu-

facturers of biosimilars will need their own marketing 

organisation and sales force to market the drug to 

physicians and hospitals plus advertise it to patients, 

which in return will reduce price erosion.

Summary/model calculation for a biosimilar Rituxan in 

the most likely scenario (3 players, 30 % price erosion, 

no automatic substitution)

Based on standard timelines for the development of 

a biosimilar (7 – 8 yrs development time) and four ye-

ars to reach market potential, a simplified evaluation 

model yields a present value of USD 98.5 million for a 

biosimilar Rituxan (Table 3):

Assumptions:

●  Overall development duration: 7 years

● Development costs: USD 125 million  

●  Lion share of development costs in years 5 and 

6 of development (Clinical phase III)

●  No risk adjustment for development costs as 

main risks are in the late stages of development, 

but 50 % risk adjustment on revenues (corresponds 

to a 50 % success probability)

●  Market potential: USD 548 million (30 % price ero- 

sion, 30% biosimilar market share, 3 players, no sub- 

stitution)

●  Market entry in year 8 with 10 % of market po-

tential (year 9: 25 %; year ten: 60 %; year eleven: 

100 %; 5 % growth thereafter)  

Interest rate for discounting (WACC): 7% (as for 

big pharmaceutical companies e. g. Novartis)

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Stage Development Marketing

Cash flow 
(USD million)

-2.0 -5.0 -8.0 -10.0 -50.0 -50.0 -5.0 54.8 137.0 328.8 548.0 575.4 604.2 634.4 666.1

50% risk 
adjustment 
(USD million)

       27.4 68.5 164.4 274.0 287.7 302.1 317.2 333.0

Margin
(USD million)

       6.9 17.1 41.1 68.5 71.9 75.5 79.3 83.3

Discounted 
cash flow 
(USD million)

-1.9 -4.4 -6.5 -7.6 -35.6 -33.3 -3.1 4.0 9.3 20.9 32.5 31.9 31.3 30.8 30.2

Total
(USD million)

 98.5

Table 3: Model calculation for a biosimilar version of RITUXAN/MABTHERA   Source: DZ BANK
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Risks

Inherent risks to the forecast include: 

●  Whether the biosimilar company has enough ma-

nufacturing capacity to supply the market

●  Whether and when a partial or full replacement of 

RITUXAN sales by competitor products (bio-bet-

ters) occurs before or after patent expiry

●  Whether the FDA or EMA require more advanced 

clinical studies, than currently expected

Summary

In this model scenario based on the above mentioned 

input factors (3 players, 30 % price erosion, and no 

automatic substitution), such a biosimilar develop-

ment project has a positive present value of USD 98.5 

million. 

Dr. Elmar Kraus
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sible for the analysis of companies in the areas of pharmaceuticals and biotechnology. He 
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in industry. He has been working for five years for Fresenius-Kabi, Friedberg and Bad 
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for Biotest AG, Dreieich as the head of biological analytics and project leader for the de-

velopment and production of clinical trial material of a monoclonal antibody drug.
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The biosimilar segment is maturing with 14 biosimilar 

approvals in Europe and two in the US. Current annual 

sales are roughly USD 200 million and growing in the 

double digit range. The market is dominated by Hos-

pira, Novartis/Sandoz, Momenta Pharmaceuticals, Teva 

and Stada/Bioceuticals. Despite the low sales volume, 

this new market segment should increasingly attract 

investor’s interest, fuelled by an evolving US regulatory 

pathway, the recent approval of biosimilar Lovenox in 

the US and upcoming patent expiry of many blockbuster 

biopharmaceuticals. 

Biosimilars in Europe – an instructive experience

Europe has taken on a pioneering role in the field 

of biosimilars. The European Medicines Agency (EMA) 

has had a legal framework for biosimilars in place 

since 2004 and released specific guidelines in 2006. 

Approval requirements are more complex compared to 

“normal” generics, and are adapted on a case-by-case 

basis. The more complex the molecule, the greater the 

requirements for laboratory tests, animal experiments 

and clinical studies. So far, the EMA has received re-

quests for scientific advice on six biosimilar antibodies 

and the agency is currently working on guidelines for 

biosimilar antibodies and beta interferons (=multiple 

sclerosis drugs). It is expected, that regulatory require-

ments will be higher for biosimilar monoclonal antibo-

dies, which are manufactured in complex mammalian 

cell systems, than for biosimilars with simple glyco-

sylation patterns (e. g. Epogen/Epoetin) or with bac-

teria-based manufacturing processes (e. g. Neupogen/

Filgrastim). Most of the 14 approved European biosi-

milars are manufactured in bacteria. As the EMA has 

no authority to decide about substitutability, which is 

decided on a country by country basis, all biosimilars 

are non substitutable and require marketing and sales 

activities. As an exception, NICE determined recently 

that all biosimilar human growth hormones available 

in UK are interchangeable.

Evolving regulatory pathway in the US 

 

The US Congress recently passed the “Biologic Price 

Competition and Innovation Act”, which provides FDA 

with the statutory framework to develop biosimilar 

guidelines. Considerations for the regulatory pathway 

include four points: (1) requirements for clinical effi-

cacy data to determine biosimilarity; (2) potential for 

interchangeability/substitutability; (3) extrapolation of 

indications and (4) requirements for a pharmacovigi-

lance plan. 

There is already an abbreviated approval process in 

place for biosimilars of some biopharmaceuticals, which 

were approved via a New Drug Application (NDA) and 

not, as is normally the case for biopharmaceuticals, 

via a Biologic Licence Application (BLA). The so-called 

505(b)(2) pathway was used for the approval of human 

growth hormone Omnitrope by Sandoz in 2006 and for 

the approval of biosimilar Lovenox/Enoxaparin from 

Momenta/Sandoz a couple of weeks ago. The 505(b)

(2) pathway is only available for biosimilars of certain 

biopharmaceuticals (e. g. insulin or LMWH), which were 

approved in the 1970s under the Food, Drug and Cos-

metics Act. Most biotech drugs were approved under the 

Public Health Service Act via the BLA, which offers no 

equivalent to the 505 (b)(2) route.  

Biosimilar Lovenox is technically not a biosimilar, as ma-

nufacturing from pig intestines is without the involve-

ment of genetic engineering or cell lines. However, the 

recent FDA approval may allow cross reads on the FDA’s 

thinking on biosimilars: 

Dr. med. Markus Manns, Union Investment Privatfonds GmbH, Germany

Biosimilars in the Capital Market

DVFA-Broschur.indb   64 11.11.2010   12:10:11 Uhr



65Biosimilars in the Capital Market  |

1.  The FDA approved biosimilar Lovenox without any 

clinical efficacy studies. Most analysts expect the 

biosimilar regulatory pathway to include the requi-

rement for clinical studies. 

2.  The FDA required five criteria to establish “samen-

ess” of the biosimilar with the originator drug. 

3.  Biosimilar Lovenox was approved as an AB-rated 

(= interchangeable) version to Lovenox, which in-

creases the potential for aggressive erosion of the 

original brand. It is widely anticipated that biosimi-

lars will not be interchangeable and if so, that the 

pathway will require lengthy and expensive clinical 

cross-over studies. Momenta’s proprietary sugar se-

quencing technology has played a pivotal role in 

defining sameness and interchangeability. However, 

Momenta’s technology cannot be applied to charac-

terize antibodies, which account for roughly 40 % of 

the future biosimilar market. Amgen probably has 

the most to gain from non-substitutable biosimilars, 

since the company generates over 90 % of its sa-

les from five biopharmaceuticals. Non-substitutable 

biosimilars would require sales and marketing acti-

vities from the biosimilar manufacturer and would 

lead to a less dramatic market-share loss for Amgen 

and longer cash flows.  

4.  The FDA did not require a post-market surveillance 

program.

 

The second potential regulatory pathway is filing a bio-

similar as a Biologic Licence Application (BLA), which is 

usually used for innovative drugs. Teva filed biosimilar 

Neupogen (G-CSF) as a BLA and recently received a com-

plete response letter from the FDA with the request for 

additional data. The application was supported by five 

clinical studies on 680 patients.

Cancer antibodies most difficult to copy

It is expected that the FDA approval pathway will place a 

more manageable burden on biosimilars of recombinant 

proteins such as Epogen and Neupogen, since manufac-

turing is less complex and biosimilar versions of these 

drugs are already approved in Europe. It is likely that 

regulatory requirements for monoclonal antibodies will 

be higher, since manufacturing involves complex mam-

malian cells, immunogenicity risk is higher and efficacy 

assays are less accurate. Roche probably has the most 

to gain from a “difficult” US biosimilar pathway for can-

cer antibodies with the requirement for clinical studies 

with survival endpoints (rather than response rates), no 

extrapolation of indications and the lack of substituta-

bility, since the company generates the majority of its 

sales with cancer antibodies.

Low visibility on financial returns for biosimilars

 

The patents of numerous biopharmaceuticals with a mar-

ket volume of around USD 70 billion are set to expire by 

2015. The Federal Trade Commission is forecasting that 

biosimilars will lead to price discounts of 10 % – 30 % 

and market penetration of 10 % – 30 %. This would result 

in a market volume of around USD 10 billion. Biosimilars 

represent therefore an important long-term growth op-

portunity for many generic players. Traditional pipeline 

models, adjusted for specific biosimilar development 

costs, success probabilities and market share assump-

tions, can be used to evaluate biosimilar pipelines. 

However, the myriad of unanswered questions regarding 

development and commercialisation makes it difficult to 

value individual projects. With minimal visibility on the 

required upfront investment and infrastructure and sig-

nificant returns in the distant future, biosimilar pipelines 

may also be analyzed with a qualitative approach (e. g. 

which projects are in development, who has the best 

infrastructure and greatest manufacturing experience). 

Reliable manufacturing capacity, clinical development 

skills, regulatory expertise, sales and marketing know-

how and experience with payer management are impor-

tant ingredients for a successful biosimilar franchise. 

Many companies have achieved this through coopera-

tions and M&A.
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Five players dominate the US and European market

Hospira, Momenta Pharmaceuticals, Novartis/Sandoz, 

Stada/Bioceuticals and Teva/Ratiopharm have played 

a pioneering role with several biosimilar approvals in 

Europe and US (table 1). Teva and Lonza have formed a 

joint venture for the development of biosimilar antibo-

dies. They project that each biosimilar will take around 

seven years to develop and development costs are 

budgeted at around USD 80 – 100 million. This is consi-

derably longer and more expensive than the three year 

development period for a ”normal” generic with costs of 

around USD 3 – 5 million. Lonza is providing production 

know-how and Teva regulatory and marketing expertise. 

The acquisition of CoGenesys provided Teva with its 

own biobetter platform, and a biobetter Neupogen is 

ready to enter phase III. The acquisition of Ratiopharm 

should further augment Teva’s capabilities.

 

Sandoz generated sales of roughly USD 120 million from 

biosimilars in 2009 and sales increased by 66 % in Q2 

2010. The company currently has 25 biosimilar projects 

in the pipeline, three biosimilars launched in Europe 

and two in the US. Sandoz has a first-class distribution 

structure and excellent marketing expertise through its 

integration in Novartis. Sandoz and partner Momenta 

Pharmaceuticals recently won US-approval for biosimilar 

Lovenox.

Products* Pipeline for US/Europe Partnerships

Novartis /Sandoz Neupogen (EU)

Epogen/Eprex (EU)

Lovenox (US)

HGH (US/EU/Japan)

25 projects

Neulasta (phase I; US/EU)

Copaxone (phase I; EU)

Momenta

Teva / Ratiopharm Epogen/Eprex (EU)

Neupogen (EU)

HGH (US)

Rituxan (phase I)

Neupogen (filed in US)

biobetter Neupogen (phase III)

Lovenox (filed in US)

Lonza

Hospira Epogen/Eprex (EU) 

Epogen/Eprex s.c. (EU)

Neupogen (EU)

11 Projects

Epogen (phase I; US)

Neulasta (phase I; US/EU) 

Stada 

Celltrion

HGS

Stada / Bioceuticals Epogen/Eprex (Germany)

Epogen/Eprex s.c. (Germany)

Antibodies (preclinic) Hospira

Momenta Lovenox (US) Copaxone (filed in US) 

Copaxone (phase I; EU)

Novartis

3SBio Epogen (China) 2nd generation Epogen (preclinic) None

Celltrion None 8 antibodies in development

Herceptin (phase I; EU)

Remicade (preclinic; EU)

Hospira 

Egis

Hikma

Biocon Lantus (India)

Epogen (India)

Neupogen (India)

Lantus (preclinic; EU/US)

Antibodies (preclinic)

Human Insulin (phase III; EU)

Mylan

Pfizer

Table 1: Selected public companies with biosimilar activities    Source: Union Investment, company information

*     For the sake of simplicity, the branded drug name of the originator is used instead of the generic name (Epogen or Eprex/Epoetin; 
Herceptin/Trastuzumab; Lantus/Insulin Glargine; Lovenox/Enoxaparin; Neupogen/Filgrastim; Neulasta/Peg-Filgrastim; Remicade/Infli-
ximab; Rituxan or Mabthera/Rituximab) 
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Hospira has two biosimilars launched in Europe and 

its pipeline consists of 11 projects. Last year, Hospira 

entered into an agreement with South Korean company 

Celltrion. The companies will collaborate in manufac-

turing and distribution of eight biosimilars. An alliance 

with Human Genome Science secures Hospira access 

to large scale mammalian manufacturing capabilities. 

Hospira recently started a phase I study for biosimilar 

Epogen in the US and plans to move the compound 

next year into phase III. Epogen is licensed from Stada/

Bioceuticals for US and Europe.

 

Stada’s biosimilar activities are concentrated at venture 

backed Bioceuticals AG. Stada owns a 15 % stake at 

Bioceuticals and has an option to buy the company 

from 2011. The company is currently looking for external 

funding or partnering for the development of several bi-

osimilar antibody projects. Stada has licensed biosimilar 

Epogen for Germany from Bioceuticals and launched the 

drug in 2008.

Many Asian and Indian companies manufacture 

biosimilars

Many companies in China and India manufacture and 

sell biosimilars in their local markets. However, most 

drugs are not produced according to Good Manufac-

turing Practices and do not fulfil the strict safety re-

gulations of EMA or FDA. This is one of the reasons 

why none of the public Indian players has filed a bio-

similar application for the US or Europe, despite their 

manufacturing and clinical experience with biosimi-

lar versions of Insulin (Biocon, Wockhardt), Epogen 

(Biocon, Wockhardt, Reliance), Aranesp (Dr. Reddy’s), 

Neupogen (Biocon, Dr. Reddy’s, Ranbaxy) and Rituxan 

(Dr. Reddy’s). However, the Biocon-Pfizer global deve-

lopment deal for insulin plans for multiple biosimilar 

EU/US approvals between 2012 and 2015 (Table 2).

3SBio is the largest Chinese biosimilar company with 

a market cap of USD 300 million. The company sells 

EPIAO, its biosimilar version of Amgen’s Epogen, and 

commands a 30 % market share in China. The drug was 

approved on the basis of a 200 patients study in 1998 

and sales amounted last year to USD 30 million. The 

Chinese biosimilar market for Epogen is highly compe-

titive with around 20 manufacturers and prices at 1/3rd 

of the originator. However, the growth potential is enor-

mous, with only 10 % – 15 % of eligible patients receiving 

dialysis for lack of insurance cover. 3SBio recently re-

ceived approval for a new GMP-certified manufacturing 

plant, which will quadruple its production capacity. 

South Korean company Celltrion owns a FDA-approved 

50,000 L GMP-certified mammalian cell culture facility 

with additional 90,000 L capacity by 2012. The company 

has eight biosimilar antibodies under development. Cli-

nical trials for Herceptin have recently started in Europe. 

Celltrion has distribution contracts with Hospira for the 

EU and US, with Egis for Russia and with Hikma for the 

MENA-region. 

Biobetters may provide strong headwind for 

biosimilars

Biosimilar companies may get competition from establis-

hed pharmaceutical companies working on “biobetters”. 

Biobetters are improved biopharmaceuticals with a bet-

ter circulatory half-life, increased potency, fewer side 

effects or easier administration; they will be approved 

and marketed as innovative biopharmaceuticals. Merck 

& Co. is opting for a biobetter strategy along these 

lines. The company relies heavily on glycoengineering 

technology from GlyocFi, which was acquired in 2006. 

The company has two versions of Amgen’s Neupogen 

and Neulasta in development and intends to have five 

biobetters in the clinic by 2012. However, the biobetter 

strategy also faces hurdles. Merck & Co recently stopped 

the development of biobetter Aranesp, its PEGylated 

version of Amgen’s anemia drug. FDA had required a 

large cardiovascular outcome study, which Merck consi-

dered too lengthy and too expensive. Pfizer is working 
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on a portfolio of ten biosimilar or biobetter antibodies, 

the earliest of which might reach the market in 2016.

Sector is becoming more interesting for investors

 

The sector has gained momentum with the approval 

of biosimilar Lovenox in the US, the FDA mandate to 

develop a regulatory pathway for biosimilars and up-

coming EMA guidelines for biosimilar monoclonal anti-

bodies. After gaining initial marketing and sales expe-

rience in Europe, biosimilars are also likely to become 

commercially more interesting. The recent USD 350 

million Pfizer-Biocon deal for the global development 

of biosimilar human insulin and insulin analogs Lan-

tus, Novolog and Humalog marks a historic milestone 

for the entire biosimilar sector. The largest pharmaceu-

tical company endorses the manufacturing quality of 

a large Indian Company and plans the widespread 

introduction of biosimilars! The evolving biosimilar 

sector will provide interesting investment opportuni-

ties, in particular with improved visibility on biosimi-

lar pipelines, regulatory requirements, development 

costs, commercial infrastructure and financial returns. 

Investors can choose between established European 

and US generic and biotech players, emerging market 

companies with ambitions to enter the western mar-

ket, pharmaceutical companies betting on biobetters 

and established biopharmaceutical companies, as a 

hedge against a delayed or difficult US regulatory pa-

thway (table 3).  

Table 2: Details of the Pfizer-Biocon deal     Source: Union Investment, Pfizer, Biocon

Scope Development of biosimilars of human insulin and insulin analogs Lantus/Glargine (Sanofi), Novolog/Aspart 
(Novo Nordisk) and Humalog/Lispo (Lilly)

Region Pfizer has exclusive rights for US, Europe and emerging markets and co-exclusivity for Germany, India 
and Malaysia

Financials USD 200m upfront, USD 150m milestones and royalties 

Timing Approval of biosimilar human insulin in 2012 (Europe) and 2015 (US)

Regulatory 505 (b) (2) pathway in the US as insulin was regulated as a NDA and not a BLA

Responsibilities Biocon: Clinical development, regulatory approval, manufacturing
Pfizer: Marketing & sales

Questions Which pen will be used?
How quick can originators develop next generation insulins (e.g. Lantus/GLP1-combination from Sanofi; 
Degludec from Novo Nordisk)

Observations Insulin manufacturing in bacterial/yeast cells is relatively simple
Insulin is not immunogenic
Patent situation is relatively straightforward
Insulin market is large (USD 15 billion)
Biosimilar insulin should be non-substitutable
Biosimilar insulin will require substantial sales and marketing infrastructure (e.g. for patient training on 
new pens)
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Table 3: Four ways to invest in biosimilars      Source: Union Investment, company information

Companies Strategy / Advantages

Biosimilar companies in

US  /  Europe

Hospira, Momenta, Novartis/Sandoz, 

Stada, Teva

Development of biosimilars for US and Europe / proven 

track record with several European and US biosimilar 

launches

Biosimilar companies in 

Asia / India

Celltrion, Biocon, 3SBio Expansion into the more lucrative European or US mar-

ket / low cost manufacturing

Biobetter companies Merck & Co, Pfizer Biobetters will be marketed as innovative drugs / com-

panies can leverage their marketing and sales infra-

structure

Biopharmaceutical companies Roche, Amgen, Genzyme Development of follow-on antibodies with improved 

efficacy / benefit from a “difficult” or “delayed” US-pa-

thway, since loss of market share will be less dramatic

Dr. med. Markus Manns
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Glossary

TERM EXPLANATION

Active ingredient Chemical or biological molecule which is the or one of the pharmacologically active substance(s) of a 
drug (e. g. Enoxaparin is the active ingredient of Lovenox®)

Adalimumab Brand name: Humira® (Abbott); fully human antibody to treat rheumatoid arthritis; belongs to the class 
of TNF alfa inhibitors

Adverse reaction Any unexpected or expected reaction following the administration of a drug that is harmful or unpleasant 
to the patient

Agonist An active ingredient that binds to a part of a cell (e. g. receptor) and triggers or stimulates a response by 
the cell. Agonists often mimic the action of a naturally occurring substance (e. g. hormones).

Animal model Living animal used in research for investigating the effect of a drug. The animal has an existing, inbred 
or induced disease that is comparable to a human condition 

Antagonist Opposite action of an agonist. An antagonist blocks or dampens the action of the agonist by competing 
with the same receptor or binding site of a protein.

Antibody Large protein used by the immune system to identify and/or to help neutralising foreign objects e. g. 
bacteria, viruses.

Assay A standardized procedure for testing or measuring the activity of a compound in vitro

Automatic substitution A situation, where a pharmacist is allowed to automatically substitute an original drug with a cheaper 
generic (as is it the case for ‘normal’ generic drugs)

Avastin® See: Bevacizumab

Batch Most proteins (e.g. antibodies) are produced discontinuously in bioreactors which are harvested lot by 
lot. A special batch is the amount of product harvested in one production process

beta An input factor for WACC calculation showing the relation of its returns with that of the financial mar-
kets. An asset with a beta of 0 means that its returns change independently of changes in the market’s 
returns.

Bevacizumab Brand name: Avastin® (Genentech/Roche); angiogenesis inhibitor to treat breast and colon cancer

Bioavailability Fraction of an administered drug dose that reaches the systemic circulation. By definition, when admi-
nistered intravenously, its bioavailability is 100 %

Biobetter Improved biopharmaceutical with e. g. a better circulatory half-life, targeted tissue distribution, increased 
potency, less side effects or easier administration. Will be approved as a BLA and marketed as an inno-
vative biopharmaceutical

Bioequivalent Two medicines are considered bioequivalent if they behave in the body in the same way and have the 
same efficacy and safety profile. Both medicines are identical. Generics are bioequivalent to their original/
reference drug.

Biogenerics Term often, but not correctly used as synonym for biosimilars. Biological drugs – unlike chemical drugs – 
cannot be identical to the original drug, i. e. not “biogeneric”. They can only be biologically similar 
(“biosimilar”) as small differences with regard to the molecular structure are possible

Biological / Biopharmaceutical Medicines made by or derived from living cells using genetic engineering and biological processes

Biologic Licence Application (BLA) Regulatory US-pathway for the approval of biopharmaceuticals

Biosimilars Biosimilars, also known as “follow-on biologics” are copies of biopharmaceutical products. Unlike synthe-
tically manufactured generics, which are an identical copy of the original drug, biosimilars are only similar 
to the original product and can present differences in terms of quality, safety and efficacy. The complexity 
of the manufacturing process inherits the risk of different efficacy and safety profiles to the reference 
drug. Immunogenicity is one of the biggest safety concerns of biosimilars. Synonyms for biosimilars are 
“Subsequent Entry Biologicals (SEB)” used by the Canadian federal authority, and “Follow on Protein 
Products (FOPP)” or “Follow on Biologicals (FOB)” used by the FDA and “Similar Biological Medicinal 
Product (SBMP)” used by EMA. Another synonym is the term “multisource biologics” 

Blockbuster Drug with annual sales of >USD 1 billion
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CapEx Capital expenditure – Investment into the company's future by spending money into fixed assets (pro-
perty, plant equipment).

CF Cash flow – Movement of cash in or out of a business shown in the cash flow statement 

Cell line/bank The first step in the manufacturing process of biopharmaceuticals is establishing a cell line for the ex-
pression of the protein. The term “line” or “bank” refers to cells that are genetically identical as a result 
of dividing from a single progenitor cell.

Cetuximab Brand name: Erbitux® (ImClone; distributed by Bristol-Myers Squibb and Merck KGaA), antibody to treat 
metastatic colorectal, head and neck cancer

Chemical entity Active ingredient in an original drug or generic, based on a chemically synthesized molecule

Chromatography Term for a set of laboratory techniques to separate a molecule of interest (target) from other molecules 
in the mixture

Chronic kidney disease (CKD) Slow and progressive loss of kidney function over several years, often resulting in permanent kidney 
failure. Since the renal function cannot be recovered, the patient has to be treated with renal replacement 
therapy, i. e. kidney transplantation or dialysis.

COGS Cost of goods sold – Inventory costs of those goods a company has sold during a particular period and 
are associated with particular goods.

CHMP Committee for Medicinal Products for Human Use – The committee is responsible for preparing EMA's 
(see: EMA) opinions on all questions concerning medicines for human use 

Comparability The scientific evaluation of two medicinal products to determine equivalence and any detectable diffe-
rences regarding the level of quality, safety and efficacy 

DCF-method Discounted cash flow-method – A method of valuing e. g. or a project, company using the concept of the 
time value of money. All future cash flows are estimated and discounted to give their present values

DNA Deoxyribonucleic Acid – carries the genetic information and is composed of nucleotides with four different 
nucleotide bases (A, C, G, T)

Dossier Documentation required to file for a NDA (see: NDA) which is submitted to the FDA to receive approval

Drugability or druggability The ability of e. g. a receptor to be targeted by a drug (candidate) in order to trigger effects

EBITDA Financial figure showing a company‘s approximate operating cash flow; it is the income that a company 
has free to payback debts, what should be considered in any valuation

Efficacy Refers to the response achievable from a drug

EMA European Medicines Agency – its main responsibility is the protection and promotion of public and animal 
health, through the evaluation and supervision of medicines for human and veterinary use. Authority 
giving marketing approval in the EU. Formerly known as EMEA.

Enbrel® See: Etanercept

Enoxaparin Brand name: Lovenox® (Sanofi-Aventis); anticoagulant (low molecular weight heparin) to treat deep vein 
thrombosis or pulmonary embolism

EPAR European Public Assessment Report – it explains how CHMP (see: CHMP) assessed the studies performed 
and how they reached their recommendations on drug approval and usage of the medicine

Erbitux® See: Cetuximab

Erythropoietin (EPO; Epoetin) Hormone which promotes the formation of red blood cells; first recombinant EPO (Epogen®) launched 
by Amgen in 1989 to treat anemia; Eprex®/ Procrit®: EPOs offered by Johnson&Johnson under an Amgen 
license

ESA Erythropoiesis-stimulating agent – structurally and biologically similar – not identical – to naturally occur- 
ring Erythropoietin (see: Erythropoietin)

Etanercept Brand name: Enbrel® (Pfizer and Amgen); fusion protein to treat rheumatoid arthritis; belongs to the 
class of TNF alfa inhibitors
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EV Enterprise value – An economic measure reflecting the market value of a whole business summing up 
claims of all security-holders. EV is one of the fundamental metrics used in business valuation etc. which 
is more comprehensive than market capitalization

EV/EBITDA A valuation multiple, which is capital-structure neutral, and often used in parallel with P/E ratio 

Expression system Specially designed system based on DNA for protein production (protein (over-)expression). It contains the 
gene of choice and is optimized for the molecular machinery of the host (microorganism, plant or animal 
cell), which transcribes DNA into mRNA and translates mRNA into proteins (see: Cell line)

Extrapolation Here: The assumption that a biosimilar, which has been tested and is approved for one indication can 
also be used in other indications of the originator drug

FDA Food and Drug Administration – An agency of the US Department of Health and Human Services respon-
sible for protecting and promoting public health. It is the regulatory authority giving marketing approval 
in the US

Filgrastim Brand name: Neupogen® (Amgen); a recombinant granulocyte colony-stimulating factor (G-CSF) analogue 
used to treat neutropenia, a common side effect of chemotherapy 

Follow on Biologic (FOB) See: Biosimilar; term used by the FDA and in Japan

Follow on Protein Product (FOPP) See: Biosimilar; term used by the FDA

Formulation The recipe and presentation of a medicine. Treatment and processing of the active ingredient to formulate 
the final drug

G-CSF See: Filgrastim

Generic medicine Identical copy of the original chemical drug. Generic drugs have the same active ingredients and the same 
pharmaceutical formulation as the original reference medicine. By definition, the generic is bioequivalent 
to the original reference medicine (i. e. it has the same effect in the body)

Glycosylation The type and length of any sugar or carbohydrate groups attached to a molecule. Most biopharmaceu-
ticals are glycosylated

GM-CSF Granulocyte-Macrophage Colony Stimulating Factor – Protein secreted by various immune cells. It stimu-
lates white blood cells to grow. High levels are found in conjunction with rheumatoid arthritis (inflam-
mation) 

GMP / cGMP (Current) Good Manufacturing Practice – As part of a quality system GMP sets guidelines for the produc-
tion and testing of active ingredients and drugs. It was enforced by the FDA in the US in 1938 to ensure 
quality of a product

Half-life Period of time in which the concentration of an active ingredient decreases by half in the body

Herceptin® See: Trastuzumab

Host-cell development Generating a stable cell line with an expression system which produces e. g. the protein of choice

Humira® see: Adalimumab

hGH Human Growth Hormone – e. g. brand name: Omnitrope® (Sandoz/Novartis); peptide hormone for the 
treatment of children's growth disorders and adult growth hormone deficiency 

Immune response/reaction Production of antibodies by the human body in reaction e. g. to viruses and substances recognized as 
foreign and possibly harmful 

Immunogenicity Capability of a specific substance to induce the production of antibodies in the human body which is 
also called an immune response/reaction. Important safety concern for some biopharmaceuticals and 
biosimilars 

Immunological tolerability Immune system's ability not to attack an antigen, where the body does not mount an immune response

in vitro Biological or chemical tests done in the test tube (in vitro is Latin for “in glass”) rather than in living 
systems

in vivo Experiments or tests carried out in living animals or humans

Infliximab Brand name: Remicade® (Johnson & Johnson and Merck&Co); chimeric antibody against rheumatoid 
arthritis and Crohn’s Disease 
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INN (Internationally 
Non-proprietary Name)

Scientific or generic name of an active substance. INNs for new active substances are allocated by the 
World Health Organisation (WHO) in Geneva. The INN is a unique and universally accessible name. For 
generic and biosimilar medicines cross-referring to reference products, it is the regulatory authority who 
decides whether the INN of the active substance as submitted for the generic or the biosimilar medicine 
is scientifically acceptable 

Insulin Hormone crucial to the energy regulation and glucose metabolism in the body

Insulin glargine Brand name: Lantus® (Sanofi-Aventis); long acting insulin to treat diabetes 

Interchangeability Refers to the medical/pharmaceutical practice of switching two drugs with the same active ingredient (e. g. 
the biosimilar drug with the original drug)

Interferon beta Brand name: Avonex® (Biogen Idec), Betaferon® (Bayer), CinnoVex® (CinnaGen), Extavia® (Novartis); Rebif® 
(Pfizer, Merck Serono), protein used for the treatment of multiple sclerosis 

IQWiG Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen – The Institute for Quality and Efficiency 
in Health Care is an independent German scientific institute that investigates the cost/benefit ratio of 
medical or medicinal interventions for patients. 

Isoform Different forms of still the same protein may be derived from related genes or can arise from alternative 
processing (splicing) of mRNA

Lantus® See: Insulin glargine

Lovenox® See: Enoxaparin

Mabthera® See: Rituximab

Master cell bank (MCB) / cell line Culture of fully characterized cells processed together to ensure uniformity and stability and used to 
prepare the working cell banks for production

Mechanism/Mode of action (MoA) Biological / chemical mechanism by which an active ingredient generates an effect in a living cell, organism 
or biological system 

Monoclonal antibodies (mAB) Antibodies that are identical as they were made by one type of immune cells which are all clones 
(–> monoclonal) of a unique parent cell. Avastin®, Herceptin®, Erbitux® or Humira® are examples of mo-
noclonal antibody drugs 

MSD Merck, Sharp & Dohme (name of european daughter company from the US based Merck & Co.)

Multisource biologic Synonym for the term biosimilar

Neulasta® See: Peg-Filgrastim

Neupogen® See: Filgrastim

NDA New Drug Application – Regulatory US-pathway for the marketing approval of pharmaceuticals

NICE National Institute for Health and Clinical Excellence – A special health authority of the National Health 
Services (NHS) in England and Wales, which publishes clinical guidelines and cost/benefit evaluations 
of medicines

Omnitrope® See: hGH

Originator company Company, which has developed and sells a patent protected drug. See also reference product

P/E ratio Price-to-earnings ratio – Valuation multiple that is a measure of the company’s current share price relative 
to the earnings per share

Patent Exclusive market rights granted to a company for a certain time period (usually 20 years) in exchange 
for the disclosure of its invention 

Patent expiry Termination of patent exclusivity 

Peg-Filgrastim Brand name: Neulasta® (Amgen); pegylated Filgrastim, long-lasting version of Neupogen

Pegylation Process of covalent attachment of polyethylen glycol (PEG) chains to a molecule, e. g. a protein. Pegylation 
may change the immunogenicity or the half-life of a compound or provide water solubility to hydrophobic 
substances. Neulasta® is an example of a pegylated drug

Pharmacodynamic tests Study of the action / effects of a medicine over a period of time and in relation to the drug concentration
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Pharmacokinetic tests or studies To determine how drugs are absorbed, distributed, metabolised and eliminated by the body. Usually part 
of a bioequivalence study 

Pharmacovigilance Defined by the World Health Organization as the science and activities relating to detection, assessment, 
understanding and prevention of any adverse effects or any other medicine-related problem after launch. 
See also risk management plan

Phase I study or trial First in man – Study determining that a medicine is safe in healthy volunteers. First pharmacokinetic and 
pharmacodynamic data are collected for next studies

Phase II study or trial First in patient – based on phase I data the dosage range is determined; the drug is tested in patients 
and should show proof of concept and efficacy in the prescribed dose(s)

Phase III study or trial Study involving a larger group of patients which helps to determine if the medicine is safe and effective 
in a real clinical setting. Last study before filing for drug approval

Phase IV study or trial Clinical efficacy and safety study of a drug after marketing authorization and launch; may be required 
by authorities

Pipeline All (bio)pharmaceutical products currently in research, pre-clinical and clinical development

Pipeline valuation model Financial model used for the valuation by calculating the risk-adjusted present value of a company's 
pipeline; developed e. g. by DZ BANK

Post authorisation Safety Study See: Phase IV trial

Post marketing surveillance study See: Phase IV trial

Posttranslational modification Modification of a protein after translation by adding sugar chains (glycosylation), acetyl groups (ace-
tylation) or phosphor groups (phosphorylation) in order to protect or activate it. This happens in the 
living cell

Procrit® See: Erythropoietin

Product exclusivity A patent or the orphan drug status secure market exclusivity for a defined period of time

Proof of concept (PoC) First proof of efficacy in phase II trials 

Proprietary product E. g. drug which is patent protected 

Proteins Large molecules made of amino acids arranged in a chain. Many biopharmaceuticals are proteins e.g. 
Erythropoietin is a protein 

Pure red cell aplasia (PRCA) Autoimmune diseases; type of anemia affecting the production of red blood cells

rDNA technology The laboratory manipulation of DNA in which DNA, or fragments of DNA from different sources, are cut 
and recombinated with the help of enzymes. This recombinant DNA is then inserted into a living organism. 
rDNA technology is usually used synonymously with genetic engineering

Recombinant drug Drug which is derived by using rDNA technology and which is manufactured by an expression system. 
Human Insulin, Epogen or Neupogen are examples for recombinant proteins 

Reference (original) product Medicine, which has been developed and produced by an originator company, and which has been 
approved by the national regulatory authorities (e. g. see: EMA or FDA) on the basis of a full registration 
dossier. Generic copies or biosimilars are developed and authorized in relation to the reference drug of 
the originator

Regulatory pathway/framework Guidelines which actions and steps have to be taken and which documents have to be submitted for 
filing for an application (e. g. NDA)

Remicade® See: Infliximab

Research & development (R&D) Term that comprises all actions and efforts to bring a drug candidate from basic research into and through 
clinical development

Risk management plan (RMP) Plan which outlines how the manufacturer will further monitor any side effects from the medicine. A risk 
management plan is required for some innovative drugs, but in general not for generics. However, it may 
be required for biosimilars 

Risk-adjusted present value (rPV) Financial DCF-based method for the valuation of a company's pipeline; developed by DZ Bank
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Rituxan® See: Rituximab

Rituximab Brand name: Rituxan® or Mabthera® (Roche and Biogen); antibody to treat blood cancer 

Severe/chronic neutropenia (SCN) Neutropenia is a disease characterized by an abnormally low number of white blood cells (leucocytes) 
which make patients susceptible to bacterial infections. “Chronic” refers to the duration of the illness 
and severe to the absolute neutrophil blood count 

Similar Biological Medicinal
Product (SBMP) 

See: Biosimilar; term used by the EMA

Similarity See: Biosimilarity

Small molecule Used as synonym for chemical entities (See: Chemical entity). The term “small” refers to the small size of 
the compound, in contrast to large molecules, such as biologicals (e. g. proteins) 

Somatropin See: hGH

Structural moieties Polyethylene glycol chains, fatty acids, additional sugar structures – chemical parts of a molecule with 
certain functions

Subcutaneous Injection of e. g. a drug under the top layer of the skin

Subsequent Entry Biological (SEB) See: Biosimilar; term used by the Canadian federal authority (Health Canada)

Substitution Refers to a national administrative/reimbursement rule which requires or permits switching between drugs 
with the same active ingredient and the same quality, safety and efficacy (e.g. from the originator to the 
generic copy). Substitution can take place at retail pharmacy level or at hospital pharmacies. Substitution 
increases generic penetration and is very common in the US 

Surrogate marker Used in clinical trials to measure the effect of a certain treatment that may correlate with a real clinical 
endpoint. E.g. response rates are sometimes used as surrogate marker in cancer studies  

tPA / t-PA Tissue plasminogen activator – A protein (serine protease) involved in the breakdown of blood clots. tPA 
is used as a thrombolytic agent in stroke 

TNF-alpha Tumour necrosis factor-alpha is a cytokine involved in systemic inflammation causing auto-immune di-
seases e. g. rheumatoid arthritis, Crohn's disease. Humira and Enbrel are TNF-inhibitors for the treatment 
of rheumatoid arthritis and Crohn’s disease

Trastuzumab Brand name: Herceptin® (Roche), antibody to treat breast cancer 

WACC Weighted average cost of capital – Minimum required return of a company’s existing asset base 

            Source: BioMedServices, Schnee Research, EGA (European Generic Medicines Association) handbook on biosimilar medicines
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