
Clinical and Non-Clinical aspects of 

Biosimilars 

1 

February 27, 2017 Saint Petersburg 

 

Presented by: T. Kevin Murphy, PhD  



Clinical and Non-Clinical Aspects of Biosimilars ï Part 1 

1. Introduction 

2. Biologics 

3. Biosimilars 

4. Regulatory pathways  

ïExtrapolation 

5. Development Process 

2 



Clinical and Non-Clinical Aspects of Biosimilars ï Part 2 
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Biologics 
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What is a Biologic? 

ÅMade in living systems (e.g., E. coli, yeast or mammalian cells) 

ÅLarge, complex molecules 

ï Traditional pharmaceutical drugs are small entities made by chemical 

synthesis 

ÅManufacturing is extremely complex  

ï Biologics are inextricably linked to manufacturing processes and conditions 

ÅBiologics can address many unique disease targets not accessible 

to traditional pharmaceutical drugs 

Biological Medicinal Products Are Large Complex Molecules 

Derived from Live Organisms 

Freank R. Regulation of Follow-on biologics. NEJM. 2007;357:841-843. 

PhRMA International Biologics: Regional Developments and New Advocacy Tools 2010.  

http://www.bio.org/sites/default/files/BIO_FOB_Science_101.pdf 

There are enormous challenges working with living cell structures. Consequently, manufacturing 

biosimilars is much more complicated and requires different expertise than traditional generics 

http://www.bio.org/sites/default/files/BIO_FOB_Science_101.pdf
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Biologics Will Continue to Contribute  

to Advancing Healthcare 

Have a successful record in treating many  

life-threatening and chronic diseases in 

multiple therapeutic areas1 

Can augment or replace the bodyôs 

endogenous growth factors, hormones, 

cytokines, and enzymes or remove undesirable 

molecules in the body1,2 

Can address many unique disease targets not 

accessible to traditional pharmaceutical drugs2 

Allow for targeted treatment, creating more 

opportunities for personalized medicine3,4 

Epoetin 

alfa 

1. Walsh G. Nat Biotechnol. 2010;28(9):917-924. 

2. Morrow T, Felcone LH. Biotechnol Healthc. 2004;1(4):24-29. 

Have been on the market since 19821 

3. Offit K. Hum Genet. 2011;130(1):3-14. 

4. Chan IS, Ginsburg GS. Annu Rev Genomics Hum Genet. 2011;12:217-244. 



Gastrointestinal 

Crohnôs disease* 

Ulcerative colitis* 

7 

Biologics Have Advanced Treatment in  

Numerous Therapeutic Areas 

Immunology 

Ankylosing spondylitis* 

Juvenile 

idiopathic arthritis* 

Mucositis* 

Multiple sclerosis* 

Psoriasis* 

Psoriatic arthritis* 

Rheumatoid arthritis* 

Hematology 

Anemia 

Hemophilia 

Neutropenia 

PNH* 

TTP* 

Von Willebrand disease* 

Other 

Cervical dystonia 

Cosmetic changes 

Dupuytrenôs contracture 

Fertility disorders 

Hepatitis C* 

Impaired growth 

Osteoporosis* 

Pagetôs disease 

Wet age-related macular 

degeneration* 

Oncology 

Breast cancer* 

Cervical cancer* 

Colon/rectal cancer* 

Glioblastoma 

Leukemia* 

Lung cancer* 

Lymphoma* 

Ovarian cancer* 

SCC (head/neck) 

Cardiovascular 

Myocardial infarction 

Diabetes 

Biologics have been used to treat a 

range of disorders in different therapeutic areas 

*Biologics included in treatment guidelines. All related references can be found in the speaker notes for this slide.  

CAPS, cryopyrin-associated periodic syndromes; PNH, paroxysmal nocturnal hemoglobinuria; SCC, squamous cell carcinoma; TTP, thrombotic thrombocytopenic purpura. 

Walsh G. Nat Biotechnol. 2010;28(9):917-924. 

Respiratory 

Asthma 

Cystic fibrosis 

Lysosomal Diseases 

Fabry disease* 

Gaucher disease* 

Mucopolysaccharidoses* 

Pompe disease* 

Inherited Conditions 

CAPS 

Hereditary angioedema 

Hunter syndrome* 

Turner syndrome* 



55% 45% 

Biologics Account for a Majority of  

Oncology-Related Drug Expenditures 

Drug Type 
Total  

($ Billion) 

Rituximab* Biologic 8.678 

Bevacizumab Biologic 6.957 

Trastuzumab Biologic 6.793 

Lenalidomide Nonbiologic 4.980 

Imatinib mesylate Nonbiologic 4.746 

*Sales reflect those derived from both oncology and anti-inflammatory indications. 

Philippidis A. The Top 25 best-selling drugs of 2014. Genetic Engineering News. http://www.genengnews.com/insight-and-intelligenceand153/the-top-25-best-selling-drugs-of-

2014/77900383/. February 23, 2015. Accessed May 15, 2015. 

Five Best-Selling  

Oncology Drugs in 2014 

Percent of Oncology  

Drug Sales 
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One-fifth of the 25 top-selling drugs in 2014  

were oncology medications 

55% 

Biologics 

(70%) 

Nonbiologics 

(30%) 



55% 

Biologics Account for a Majority of  

Inflammation-Related Drug Expenditures 

Drug Type 
Total  

($ Billion) 

Adalimumab Biologic 12.543 

Infliximab  Biologic 9.24 

Rituximab* Biologic 8.678 

Etanercept Biologic 8.538 

Fluticasone/salmeterol Nonbiologic 6.431 

Glatiramer Nonbiologic 4.237 

Budesonide/formoterol Nonbiologic 3.801 

Interferon beta-1a Biologic 3.013.1 

Celecoxib Nonbiologic 2.699 

*Sales reflect those derived from both oncology and anti-inflammatory indications. 

Philippidis A. The Top 25 best-selling drugs of 2014. Genetic Engineering News. http://www.genengnews.com/insight-and-intelligenceand153/the-top-25-best-selling-drugs-of-

2014/77900383/. February 23, 2015. Accessed May 15, 2015. 

Nine Best-Selling  

Anti-inflammatory Drugs in 2014 

Percent of Anti-inflammatory  

Drug Sales 
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More than one-third of the 25 top-selling drugs in 2014  

were anti-inflammatory medications 

Biologics 

(71%) 

Nonbiologics 

(29%) 



There Are Multiple Types of Biologics 

Human 

Growth Hormone 

Type of Biologic Selected Agent Molecular Weight, Da 

Peptides1 Insulin 5,8082 

Oligonucleotides1 Fomivirsen 7,1223 

Factors1 Filgrastim 18,8004 

Hormones1 Somatotropin 22,1254 

Recombinant proteins1 

ÅEndogenous proteins 

ÅDesigned/fusion proteins 

ÅMonoclonal antibodies (mAbs) 

 

ÅPegylated interferon alfa 

ÅEtanercept 

ÅDaclizumab 

 

19,6254 

75,0004 

144,0004 

Monoclonal Antibody 
1. Walsh G. Nat Biotechnol. 2010;28(9):917-924. 

2. Humulin [prescribing information]. Indianapolis, IN: Eli Lilly and Company; 2011. 

3. Vitravene [prescribing information]. Carlsbad, CA: Isis Pharmaceuticals; 1998. 

4. Kuhlmann M, Covic A. Nephrol Dial Transplant. 2006;21(suppl 5):v4-v8. 

5. Recombivax HB [prescribing information]. Whitehouse Station, NJ: Merck & Co; 1987. 

Smaller 

Recombinant 

Protein  



Monoclonal antibody 

~150 kDa  

Calcitonin  

~3.5 kDa 

Epoetin 

~30 kDa 

Somatotropin 

~22 kDa 
Filgrastim 

~19 kDa 

  19x   105x   122x   170x   833x 

Aspirin 

0.18kDa 

  1x 

Small-Molecule Drugs vs. Biologics: Differences in Size, Complexity, 

Heterogeneity and Stability 



Small-Molecule Drugs Versus Biologics: Differences  
in Size, Complexity, Heterogeneity, and Stability 

Whatôs the 

analogy..? 
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Small-molecule Drug Small-molecule Biologic Large-molecule Biologic 

Cabin Cruiser Canoe Ocean Liner 

Biologics have higher molecular weights and more complex structures; 

are further modified post-synthesis; and cannot be fully characterized1 

Small-Molecule Generic Drugs1,2 Biologics/Biosimilars1,3 

Low molecular weight  High-molecular weight molecules (100 to 1,000 X)  

Well defined, relatively stable structure; low heterogeneity  Complex 3D structure; generally unstable; high heterogeneity  

Chemically synthesized  Biotechnologically produced by host-cell lines  

Complete characterization possible  Complete characterization by analytical methods not possible  

Usually administered orally Usually administered parenterally 

Small-molecule generic drug vs originator = near identical Biosimilar vs biologic originator = similar only 

G-CSF, granulocyte-colony stimulating factor; IgG, immunoglobin G. 

1. Schellekens H. Nephrol Dial Transplant. 2005;20(suppl 4):iv31-iv36. 

2. FDA. Guidance for Industry: Bioavailability and Bioequivalence Studies for Orally 

Administered Drug Products ð General Considerations. Rockville, MD; 2003. 

3. Irvine DJ, Su X, Kwong B. Routes of delivery for biological drug products. 

Pharmaceutical Sciences Encyclopedia: Drug Discovery, Development, and 

Manufacturing, Hoboken, NJ: John Wiley & Sons, Inc.; 2010.  



Hundreds of Biologics Are in the Process of  
Being Discovered and Developed 

mAb, monoclonal antibody. 

1. Norman P. Monoclonal antibodies in the pipeline: a segment of major growth report ï overview. Insight Pharma Reports. http://www.insightpharmareports.com/monoclonalantibodiesreport/. 

Accessed October 27, 2014.  

2. Research and markets: recombinant therapeutic proteins market & pipeline analysis 2014. Business Wire. http://www.businesswire.com/news/home/20140918005437/en/ 

Research-Markets-Recombinant-Therapeutic-Proteins-Market-Pipeline#.VE6tBGx0yUl. September 14, 2014. Accessed October 17, 2014.  

Recent Figures on Biologic Development  
 

Å ~300 mAb products currently in  

clinical trials1 

Å 340 other recombinant proteins in  

clinical trials2 

Å More products likely to gain approval 

over next several years1,2 

 

V 

V 

V 
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ÅGiven that the first biological medicinal products produced by DNA 

recombinant techniques were approved in the 1980s, the exclusive rights 

(patents and other data protection) for several biological medicinal 

products have reached their expiration and many more will expire in the 

coming decade 

 

ÅConsistent with this expiry, similar biological medicinal products, or 

biosimilar medicinal products (ñbiosimilarsò) as they are now commonly 

called, are being developed and several are already available on 

European markets, with the first approved and marketed in 2006 

Biological patent expiry 

European Commission. Biosimilar Medicinal Products. 2014. 

http://ec.europa.eu/DocsRoom/documents/8242/attachments/1/translations/en/renditions/pdf [Accessed 6 February 2017]. 

http://ec.europa.eu/DocsRoom/documents/8242/attachments/1/translations/en/renditions/pdf


Biosimilars 
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What Is a Biosimilar?  

 

Å A biosimilar:  

ïIs a biologic approved via a stringently defined 
regulatory pathway demonstrating comparability to  
a reference biologic that has lost exclusivity 

ïIs comparable with the selected reference product  
in terms of quality, clinical safety, and efficacy 

ïHas a highly analogous structure (via robust  
analytical characterization) 

ïHas comparable quality, safety, and efficacy  
(via clinical trials) 

ïMay or may not be interchangeable 
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Countries With Biosimilar  
Guidelines and Regulations* 

*As of July 2015. 

A biosimilar is not a scientific definition of the 

product; it is a regulatory term 

 

A biosimilar is NOT a generic biopharmaceutical 
Differs in: size, structure, development process, and manufacturing 
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Biosimilars apply to biologics as generics apply to 
small-molecule drugs 

1. Schellekens H. Nephrol Dial Transplant. 2005;20(suppl 4):iv31ïiv36; 2. Mellstedt H et al. Ann Oncol. 

2008;19(3):411ï419; 3. Aapro M. GaBi J. 2013;2(2):91ï83. 

 

Å In comparison with small-molecule drugs, biologics and biosimilars are1-2: 

Å Larger 

Å More complex 

Å More difficult to manufacture  

Å They are also regulated differently2 

Generics 

Á Proof of quality2 

Á Pharmacokinetic bioequivalence2 

Á No substantial clinical data2 

Small 

Molecule 

Biologic Biosimilars 

Á Proof of quality + similarity3 

Á Pharmacokinetic bioequivalence3 

Á Clinical safety and efficacy data3 



A Biosimilar is NOT a ñGeneric Biologicò 

Organization Term Definition 

WHO1 

Similar  

biotherapeutic  

product 

A biotherapeutic product similar to an already licensed reference 

biotherapeutic product in terms of quality, safety, and efficacy 

FDA1,2 

(US) 
Biosimilar 

A biological product that is highly similar to a US-licensed reference biological 

product, notwithstanding minor differences in clinically inactive components, and for 

which there are no clinically meaningful differences in safety, purity, or potency 

of the product 

EMA3 

Biosimilar medicine/ 

similar biological 

medicinal product 

A biological medicinal product that contains a version of the active substance of an 

already authorised original biological medicinal product (reference medicinal product) 

in the EEA 

PMDA4 

(Japan) 
Follow-on biologic 

A biotechnological drug product developed to be comparable with an already 

approved biologic manufactured by a different company in regard to quality, safety, 

and efficacy 

Health 

Canada5 

Subsequent entry 

biologic (SEB) 

 A biologic drug that enters the market subsequent to a version previously authorized 

in Canada with demonstrated similarity to the reference biologic drug; a SEB relies in 

part on prior information regarding safety and efficacy that is deemed relevant due to 

the demonstration of similarity to the reference biologic drug and which influences the 

amount and type of original data required 

EEA, European Economic Area; PMDA, Pharmaceuticals and Medical Devices Agency.  

1.Wang J, Chow SC. Pharmaceuticals. 2012;5:353-368. 2. H. R. 3590-686. Title VII. Subtitle AðBPCI Act.§ 7002. 3. EMA. Guideline on Similar Biological Medicinal Products. EMA: London, UK; 2014.  

4. Ministry of Health, Labor and Welfare (MHLW). Guideline for the Quality, Safety and Efficacy Assurance of Follow-On Biologics. MHLW: Tokyo, Japan, 2009. 5. Minister of Public Works and Government Services 

Canada. Guidance for Sponsors: Information and Submission Requirements for Subsequent Entry Biologics (SEBs). Ottawa, Canada: Health Canada; 2010.  

Terminology: Biosimilars 
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FDA3 

A biological product that is highly similar  
to a US-licensed reference biological product, 
notwithstanding minor differences in clinically 

inactive components, and for which there are no 
clinically meaningful differences in safety, purity, 

or potency of the product 
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Some regulatory authorities define biosimilars and generics differently 

EEA, European Economic Area. 

1. EMA. Guideline on Similar Biological Medicinal Products. 2014; 2. EMA. Glossary. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/document_library/landing/glossary.jsp&mid=&startLetter=G [Accessed 7 February 2017]; 3. H. R. 

3590ï686. Title VII. Subtitle AðBPCI Act. 7002; 4. FDA Web site. Glossary. http://www.fda.gov/drugs/informationondrugs/ucm079436.htm#G [Accessed 7 

February 2017]. 

EMA1 

A biological medicinal product that contains a 
version of the active substance of an already 

authorised original biological medicinal product 
(reference medicinal product) in the EEA 

Biosimilar 

EMA2 

 A medicine that is developed to be the same as 
a medicine that has already been authorized; its 

approval is based on efficacy and safety data 
from studies on the previously authorized 

medicine 

Generic 

FDA4 

A drug that has the same dosage, safety, 
strength, method of administration, quality, 
performance, and intended use as a brand 

name; can be expected to have an equal effect 
and no differences when substituted for the 

brand name product 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/document_library/landing/glossary.jsp&mid=&startLetter=G
http://www.fda.gov/drugs/informationondrugs/ucm079436.htm#G


Other Biologics that are not Biosimilars 

1. Weise M et al. Nat Biotechnol. 2011;29(8):690-693. 2. Dörner T et al. Ann Rheum Dis. 2013;72(3):322-328.  

3. Greer F. Biosimilars: the race to market continues. http://www.contractpharma.com/issues/2012-10/view_features/biosimilars-the-race-to-market-continues.  

October 9, 2012. Accessed May 7, 2015. 4. Dinwoodie N. BioPharm Int. 2011;24:31-35. 

Biobetter/ 

Second-generation  

or next-generation biologic 

ÅBiologic that has been structurally and/or 
functionally altered to achieve an improved 
or different clinical performance1 

ïRelated to an existing biologic by target or action4 

Terminology: Novel Biologic Molecular Entities 

Me-too biologic/ 

Intended copy biologic/ 

Noncomparable biologic 

ÅBiological medicinal product developed on 
its own1-3  

ïNot directly compared and analyzed against a 
licensed reference biologic in accordance with the 
regulatory guidelines for biosimilars1-3 

ïMay or may not have been compared clinically1-3 
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Biosimilars Expected to Exceed $17-20Bn Globally by 

2020 
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ÅBiologics are seen to be a significant 

driver of rising healthcare costs, 

leading to intense interest in 

biosimilars across stakeholders 

 

ÅMore than $100Bn of biologic 

products expected to lose patent 

protection within next 5 to 10 years 

Å First wave driven by recombinant 

proteins (~2012+)  

Å Second wave driven by monoclonals 

(~2017+) 

 

Å Increasing clarity from regulators and 

market development will facilitate 

uptake of biosimilar mAbs  

Historical & Projected Biosimilars Sales ($Bn) 

Less 

complex 

Biosimilars 

Introduction 

of mAbs 

2015-2020 

CAGR: 

54% 

Source: Decision Resources 2014 

2014 2012 2010 

18 

16 

2 

0 

2020 2018 2016 2015 

8 

14 

12 

10 

6 

4 

$17-20BN 

1.4 
0.9 0.7 0.5 0.3 



Why Biosimilars?  

Henry D, Taylor C. Semin Oncol. 2014;41(suppl 3):S13-S20. 

Why 
biosimilars? 

Additional 
treatment 
choices 

Wider array 
of therapeutic 

solutions 

Savings and 
efficiencies to 

the health 
care system 

Lower-cost 
alternative to 

off-patent 
biologics 

Increase 
access to 
biologics 

Expand use 
of biologics, 
which may 

lead to better 
overall health 

outcomes 
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The Reference Product The Biosimilar 

Developing a Biosimilar Is Like Recreating  
an Old Masterpiece 

FDA. Guidance for Industry: Scientific Considerations in Demonstrating Biosimilarity to a Reference Product. Silver Spring, MD: FDA; 2015.  


