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Why are we here at the 23rd EAHP meeting?



Global health Challenge - 2018

Ref:  [1] Melvin Sanicas . A Year of Successes in Global Health. www.project-syndicate.org, Jan 23, 2018. URL: https://www.project-syndicate.org/commentary/global-

health-18-success-stories-in-2017-by-melvin-sanicas-2018-01. Accessed Feb 20, 2018

Affordable Access to 

healthcare 

Our Greatest Challenge 

for 2018 ?



Global Health Challenges – access to affordable care is 
not just a problem for the poorer nations

§ Thanks to coordinated global efforts, most people in Latin 
America and the Caribbean are now immune to the Zika
mosquito-borne virus

§ Polio eradication is near - Fewer than 20 new cases were 
reported globally in 2017

§ Globally, rates of premature death fell for non-communicable 
diseases like cardiovascular disease, cancer, diabetes, and 
chronic respiratory conditions. 

Ref:  [1] Gilbert Welch and Elliott Fisher. Health care costs are bankrupting us. CNN, Updated 1212 GMT (2012 HKT) May 11, 2017. https://edition.cnn.com/2017/05/11/opinions/health-care-costs-are-the-real-problem-opinion-welch-fisher/index.html. Accessed March 6, 2017. [2] Katherine Greifeld. A Third of Americans Are Still 
Struggling to Find Affordable Healthcare. Bloomberg, 1 February 2017, 05:01 GM. https://www.bloomberg.com/news/articles/2017-02-01/health-care-costs-remain-high-despite-obamacare-coverage-gains. Accessed March 6, 2017.  [3] Carmen Paun. Special report: EU health care. Politico 9/30/16, 11:53 AM CET, Updated 10/7/16, 
4:21 PM CET.  https://www.politico.eu/article/europe-health-care-systems-on-life-support-special-report-drug-pricing-medicines-public-services/. Accessed March 18, 2018   [4] Anna Maresso et al. Economic crisis, health systems and health in Europe: countryA experience (2015). WHO Europe 2015, xxxi + 517 pages, ISBN 
9789289050340. http://www.euro.who.int/en/about-us/partners/observatory/publications/studies/economic-crisis,-health-systems-and-health-in-europe-country-experience-2015. Accessed March 18, 2018

Affordable Access to 
healthcare 

Our Greatest Challenge 
for 2018 ?



We Have a Problem in Oncology…

Ref:  [1] Steven Brill. Bitter Pill: Why Medical Bills Are Killing Us. Time April 4, 2013  [2] Silverman E. Biotechnol Healthc. 2012;9(4):13-16.



Therapeutic Oncology Biosimilars

§ The 3 bestselling cancer medicines 

in 2015 were

• 1. Rituximab - $7.10bn

• 2. Bevacizumab - $6.74bn

• 3. Trastuzumab - $6.59bn

Ref:  [1] The world's most sold cancer drugs in 2015. Pharmaceutical Technology Mar 31, 2016. http://www.pharmaceutical-technology.com/features/featurethe-worlds-most-sold-cancer-drugs-in-2015-4852126/. Accessed September 18, 2017  [2] Image - Infusion of medicine. CCO License, Wikimedia. 

https://upload.wikimedia.org/wikipedia/commons/f/f4/Infuuszakjes.jpg. Accessed September 18, 2017.  [3] FDA-Approved Biosimilar Products. https://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/ucm580432.htm. 

Accessed March 14, 2018  [4] Biosimilar medicines. http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/general/general_content_001832.jsp&mid=WC0b01ac0580bb8fda. Accessed March 14, 2018    [5] SD launches EU’s first biosimilar Herceptin in UK. 

http://www.pmlive.com/pharma_news/msd_launches_eus_first_biosimilar_herceptin_in_uk_1226749. Accessed March 14, 2018

>$20 Billion a year

Even moderate 10-20% savings would 

release $2-4 Billion USD a year to 

reinvest into cancer care

All 3 approved in Europe

All 3 approved in the USA

As of March 2018

40% savings gives $8 Billion USD
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Biosimilars – physicians knowledge:

Biosimilars Forum Survey

§ Do you believe biosimilars will be safe and appropriate for use in 

naïve and existing patients?

Ref:  [1] Cohen, H., Beydoun, D., Chien, D. et al. Adv Ther (2017) 33: 2160. doi:10.1007/s12325-016-0431-5 

Physicians seem 

to be split 50:50

How can Physicians so 

misunderstand the 
data?



Why do regulators and physicians see biosimilars
differently?

§ The problem, suggests Professor Pekka Kurki of the Finnish Medicines 
Agency, FIMEA, is that 
• while regulators decide what constitutes a biosimilar based on 

analytical and non-clinical testing and clinical trials as one package 
(the totality of evidence), clinicians focus on clinical testing only.

Ref:  [1] Biosimilars: clinicians and regulators need to talk. GaBI, Posted 05/08/2016 . http://www.gabionline.net/Biosimilars/Research/Biosimilars-clinicians-and-
regulators-need-to-talk. Accessed feb 15, 2017

How can Physicians so 
misunderstand the 

data?



Pharmacists face a significant Educational task in 2018:

The best way to discover 

Clinical Difference for a new 

drug or indication

The best way to discover 

that versions of the same 

drug are not similar

Ref:  [1] McCamish M, Woollett G. Worldwide experience with biosimilar development. MAbs. 2011 Mar-Apr;3(2):209-17. Epub 2011 Mar 1.  [2] Fiona 

Barry. Regulators: skip clinical data and extrapolate biosimilar indications. Biopharma-reporter, 29-Apr-2015. http://www.biopharma-

reporter.com/Markets-Regulations/Regulators-skip-clinical-data-and-extrapolate-biosimilar-indications. Accessed Jan 27, 2016  

Physicians want big clinical 

trial data

Pharmacists want 

Pharmacological data: 

analytics, PK, PD & 

Immunogenicity studies !



2. Ensuring Quality, Safety and Efficacy
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Approved 
Biosimilar

Medicines regulation can seem complex:

§ Q: Does it help to think 
of drug regulation as a 
“Black Box” ?

Ref [1]. Image - Black Box. CCO License, https://pixabay.com/en/photos/black%20box/. Accessed Sept 21, 2017

Drug data in

More data 
required ?

RejectedEuropean 
Regulator



Approved 
Biosimilar

Medicines regulation can seem complex:

§ Q: Does it help to think 
of drug regulation as a 
“Black Box” ?

Ref [1] Medicines for Europe - Biosimilars. http://www.medicinesforeurope.com/wp-content/uploads/2016/03/infographic-biosimilars.pdf accessed March 14, 2017  [2] Medicines for Europe information based on EMA Post-authorisation Safety Update Reports (PSURs) reported by Adrian van den Hoven. Biosimilar medicines clinical use: an experience 
based-EU perspective. FDA Presentation 13 July 2017, Washington D.C. ,USA. http://www.medicinesforeurope.com/docs/20170713%20-%20Biosimilar%20Medicines%20Group,%20EU%20experience-AVH-US%20FDA%20Adcom.pdf. Accessed Aug 31, 2017  [3] Biosimilars in the EU - Information guide for healthcare professionals. Prepared jointly by 
the European Medicines Agency and the European Commission. http://www.ema.europa.eu/docs/en_GB/document_library/Leaflet/2017/05/WC500226648.pdf. Accessed Aug 31, 2017 [3] Image - Black Box. CCO License, https://pixabay.com/en/photos/black%20box/. Accessed Sept 21, 2017  [4] Centrally authorised biosimilar medicines. EMA. 
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/general/general_content_001832.jsp&mid=WC0b01ac0580bb8fda. Accessed March 18, 2018

Drug data in

More data 
required ?

RejectedEuropean 
Regulator

European approved 
biosimilars have all 
maintained approval 
without showing a 

different risk or benefit 
profile to the reference 

drug - including 
extrapolated approvals

European Experience:
---

12 years use
---

38 Biosimilars approved
---

More than 700 Million 
Patient Days Exposure
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To understand Biosimilars - we have to understand 

biological therapies 

§ Biological Products are medicinal 

product made by or derived from living 

organisms1

§ Small Molecule Drug Compared With 

Biological Products

Ref [1] Images from shutterstock.com (Image ID, L–R: 130253351, 164969582, 102810104). [2]  NCI dictionary of cancer terms: biologic drug. National Cancer Institute Web site. www.cancer.gov/dictionary?CdrID=426407. Accessed May 12, 

2017. [3]  PubChem: Aspirin. National Center for Biotechnology Information Web site. http://pubchem.ncbi.nlm.nih.gov/compound/aspirin#section=Top. Accessed May 12, 2017. [4]. Neupogen (filgrastim) prescribing information. [5]. Enbrel

product monograph. Amgen Web site. https://www.amgen.ca/products/~/media/5d0a40b2b8774fb5994190f97daf7fbd.ashx . Accessed May 12, 2017.ONCO-1232415-0000

Anti-TNF Monoclonal Antibody

MW up to ≈150,000 Daltons4
Small Molecule 

(eg, aspirin)

MW=180 Daltons2

Filgrastim

MW=18,800 Daltons3

MW = molecular weight; TNF = tumor necrosis factor.

Biosimilars are just 

another version of a 

biologic therapy

Increasing size, complexity and expense to manufacture



Recombinant Biologic Medicines are complex to 
manufacture

Ref:  [1] Islah Ahmed, Ben Kaspar MS, Uma Sharma. Biosimilars: Impact of Biologic Product Life Cycle and European Experience on the Regulatory Trajectory in the 
United States. Clinical Therapeutics, Volume 34, Issue 2, February 2012, Pages 400 – 419   [2] Antibody image. CCO Licence, Wikimedia.  
https://upload.wikimedia.org/wikipedia/commons/a/a9/Antibody_IgG2.png. Accessed Nov 10, 2017

Changes in process can 
produce different products



No biologic drug can ever be identical – it is always a 
mixture & its attributes vary over time

Ref: [1] Biosimilars in the EU - Information guide for healthcare professionals. Prepared jointly by the European Medicines Agency and the European Commission. 
http://www.ema.europa.eu/docs/en_GB/document_library/Leaflet/2017/05/WC500226648.pdf. Accessed Aug 31, 2017  [2]  Schiestl, M. et al., Nature Biotechnology 
2011;29:310-312

The primary amino acid 
sequence and secondary 

structure of a biologic 
should remain the same

While post-translational 
changes can lead to 

variation in the higher 
order structure

for example in glycosylation
(sugar molecules attached to the 
protein, which are represented by 

small blue triangles).

Changes in process can produce 
different products



Inherent variation in biological products has two main 
sources.

1   Microheterogeneity. 
• Molecules made in living systems have inherent variability, even 

between batches of the same product

Refs  [1] Ng T, Marx G, Littlewood T, et al. Recombinant erythropoietin in clinical practice. Postgraduate Medical Journal 2003;79:367-376.  [2] First successful total 
synthesis of Erythropoietin. Pays Org News, October 15, 2012. https://phys.org/news/2012-10-successful-total-synthesis-erythropoietin.html#jCp. Accessed Nov 10, 
2017  [3] Human EPO Analysis. Horiba. http://www.horiba.com/uk/scientific/products/capillary-electrophoresis-ce/applications/proteins/. Accessed May 12, 2017.

Epoetin has 4 sites where post-
translational modification by 

carbohydrates can occur

Creating multiple “isoforms” of 
the glycoprotein which can 

have different clinical activity

There is no 
unique single 
structure of this 
drug



Inherent variation in biological products has two main 
sources.

1   Microheterogeneity. 
• Molecules made in living systems have inherent variability, even 

between batches of the same product
2   Manufacturing. 

• The manufacturing process can affect important aspects of the 
structure of a drug – and changes are frequent

• A 2016 study of all European-approved originator monoclonal 
antibodies identified a mean of 11 changes with moderate or high 
potential risk per drug [1]

• Comparability of the new version of a drug after such a change needs 
to be demonstrated to assure that safety and efficacy is similar

Ref:  [1] Vezér B, Buzás W, Sebesta S, Zarobki Z. Authorized manufacturing changes of therapeutic monoclonal antibodies (mAbs) in European Public Assess- ment
Report (EPAR) documents. Current Medical Research and Opinion. Doi: 10.1185/03007995.2016.1145579

There is no 
unique single 
structure of this 
drug



Inherent variation in biological products has two main 
sources – Manufacturing Change

§ Example - Rituximab
• Variation in relative amount of the unfucosylated G0 glycan in 

24 different batches of the biologic medicine

Ref:  [1] Schiestl M, Acceptable changes in quality attributes of glycosylated biopharmaceuticals. Nat Biotechnol. 2011;29(4):310–2. doi: 10.1038/nbt.1839

Microheterogeneity
inherent to all 
biologic products

A “step” in Variation 
through Manufacturing 
process change



Inherent variation in biological products has two main 
sources – Manufacturing Change

§ Example - Rituximab
• Variation in relative amount of the unfucosylated G0 glycan in 

24 different batches of the biologic medicine

Ref:  [1] Schiestl M, Acceptable changes in quality attributes of glycosylated biopharmaceuticals. Nat Biotechnol. 2011;29(4):310–2. doi: 10.1038/nbt.1839

Microheterogeneity
inherent to all 
biologic products

A “step” in Variation 
through Manufacturing 
process change

Biologics show structural 
variation in 4 dimensions !



Inherent variation in biological products has two main 
sources – Manufacturing Change

Such changes are frequent - but 
physicians and patients may never know a 
manufacturing change has occurred.  [2]

Ref: [1] Schiestl M, Acceptable changes in quality attributes of glycosylated biopharmaceuticals. Nat Biotechnol. 2011;29(4):310–2. doi: 10.1038/nbt.1839  [2] Thomas 
Dörner et al. The role of biosimilars in the treatment of rheumatic diseases. Ann Rheum Dis 2013;72:322-328 doi:10.1136/annrheumdis-2012-202715



Inherent variation in biological products has two main 

sources – Manufacturing Change

§ Manufacturing change as a source of variation is common

Ref:  [1] Vezér B, Buzás Z, Sebeszta S, Zrubka Z. Authorized manufacturing changes of therapeutic monoclonal antibodies (mAbs) in European Public Assess- ment

Report (EPAR) documents. Current Medical Research and Opinion. Doi: 10.1185/03007995.2016.1145579.   

Risk

Low

Moderate or High

Some have now had 50

More than 80% of biologics had a 

manufacturing change at least annually

3 of every 4 changes are 

predicted to have a high or 

moderate potential risk



Analytic chemistry has seen truly astonishing 
improvements in power

§ “Since the introduction of the first recombinant DNA-derived 
therapeutic proteins, the technology to produce and purify these 
products has greatly improved.  [1]

Ref:    [1] Schellekens H et al. Nat Biotech 2010; 28: 28-31   [2] Data on analytics from presentation by Anthony Mire-Sluis, 9th Symposium on the Practical Applications of Mass Spectrometry in the Biotechnology Industry (Mass Spec 2012); 
September 11-14, 2012, San Diego, CA USA   [3] Berkowitz SA, et al. Nat Rev Drug Discov 2012; 11(7): 527–540   [4] Hulse J and Cox C. BioProcess International 2013; 11(S6): 24–27 [5] Weiner GJ. Semin Hematol 2010;47(2):115–123. [6] Taylor 
RP, Lindorfer MA. Nat Clin Pract Rheumatol 2007;3(2):86–95 [7] Telescope image 1, CCO Licence. http://www.publicdomainpictures.net/pictures/90000/velka/telescope-on-cruise-ship-railing.jpg. Accessed Nov 25, 2017.  [8] Telescope image 2, 
CCO Licence. http://www.publicdomainpictures.net/pictures/90000/velka/telescope-on-cruise-ship-railing.jpg. Accessed Nov 25, 2017

Mass Spectrometry has had a 10 
million-fold increase in detection 

between 1990 & 2011  [2]



Analytic chemistry – used to manage variation in 
medicines over time with Harmonized Global rules

§ “Since the introduction of the first recombinant DNA-derived 
therapeutic proteins, the technology to produce and purify these 
products has greatly improved.  [1]

Ref:    [1] Schellekens H et al. Nat Biotech 2010; 28: 28-31   [2] Data on analytics from presentation by Anthony Mire-Sluis, 9th Symposium on the Practical Applications of Mass Spectrometry in the 
Biotechnology Industry (Mass Spec 2012); September 11-14, 2012, San Diego, CA USA   [3] Berkowitz SA, et al. Nat Rev Drug Discov 2012; 11(7): 527–540   [4] Hulse J and Cox C. BioProcess International 2013; 
11(S6): 24–27 [5] Weiner GJ. Semin Hematol 2010;47(2):115–123. [6] Taylor RP, Lindorfer MA. Nat Clin Pract Rheumatol 2007;3(2):86–95 

Even the structure and 
functions of a monoclonal 

Ab can be determined  [3-6]

In 2006, Europe pioneered this analytic approach to making and 
regulating less expensive but equivalent biologic drugs

Mass Spectrometry has had a 10 
million-fold increase in detection 

between 1990 & 2011  [2]
Enabling 

the creation 
of close 

copies of 
biologic 
drugs

The European Medicines Agency called these “biosimilars”



Analytics and peptide recognition

§ The incredible advances in analytic chemistry 
have made it possible to define even the 
structure of monoclonal antibodies2DE: 2D electrophoresis

HPLC: high-performance liquid 
chromatography

Automated MS: Robotic 
excision of gel spots followed 

by automated  enzymatic  
digestion  and  loading  on  
Mass Spectrometry sample  

plates

Ref:  [1] Michael J Chalmers and Simon J Gaskell. Advances in mass spectrometry for proteome analysis. http://research.uni-leipzig.de/bioanalytik/sem6/Gr10_Proteomcis1.pdf. Accessed May 11, 2016  [2] Eifel tower image 
adapted from https://upload.wikimedia.org/wikipedia/commons/thumb/8/85/Tour_Eiffel_Wikimedia_Commons_%28cropped%29.jpg/240px-Tour_Eiffel_Wikimedia_Commons_%28cropped%29.jpg. Accessed May 11, 2016

ECD: electron-capture 
dissociation



Analytics and peptide recognition

§ Even with molecules as complex as antibodies, recognition is 
now possible

Ref:  [1] Antibody Image https://upload.wikimedia.org/wikipedia/commons/a/a9/Antibody_IgG2.png. Accessed May 11, 2016   [2] Venkat Mukku. Monograph Tests for Monoclonal Antibody Therapeutics. Presentation to IPC–USP Science & Standards Symposium Partnering 
Globally for 21st Century Medicines. April 17, 2013. http://www.slideshare.net/pscad123/usp-biotherapeutics-biological-medicines. Accessed May 11, 2016   Antibody Image https://upload.wikimedia.org/wikipedia/commons/a/a9/Antibody_IgG2.png. Accessed May 11, 2016   [2] 
Venkat Mukku. Monograph Tests for Monoclonal Antibody Therapeutics. Presentation to IPC–USP Science & Standards Symposium Partnering Globally for 21st Century Medicines. April 17, 2013. http://www.slideshare.net/pscad123/usp-biotherapeutics-biological-medicines. 
Accessed May 11, 2016   [3] Comparison of Biosimilars and Protein Therapeutics. Creative Proteomics. http://www.creative-proteomics.com/application/comparison-of-biosimilars-and-protein-therapeutics.htm. Accessed May 11, 2016

Differences 
between 3 
Antibodies 
are circled



Making new versions of established drugs:
The principles are familiar to pharmacists

Ref [1]

You will expect the new version to have a similar clinical effect

4. Check that Pharmacodynamics PD are highly similar

3. Check that Pharmacokinetics PK are highly similar

2. Adjust the formulation to match the bioactivity of the reference drug

1. Make a drug with a highly similar structure to the reference medicine



Making new versions of established drugs:
The principles are familiar to pharmacists

Ref [1] Chow S-C, Song F, Bai H. Analytical Similarity Assessment in Biosimilar Studies. The AAPS Journal. 2016;18(3):670-677. doi:10.1208/s12248-016-9882-5.

If all critical quality 
features of the drug 

are comparable to the 
reference medicine

Then the Clinical Effect 
should also be 

comparable

§ This is the pharmaceutical logic of the “stepwise assessment of 
comparability” for Biosimilar regulation



Biosimilar assessment

Ref:  [1] Paul Cornes. Biosimilars - Can the dream of affordable cancer care come true? https://www.vjhemonc.com/feature/featurebiosimiliars/. Accessed Nov 11, 
2017

Is stepwise – moving onwards 
when the critical attribute of the 
drug have been shown to 
comparable at each step 
to the reference 
medicine 

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

At each step – a biosimilar has to prove “comparability
”



Biosimilar assessment

Ref:  [1] Paul Cornes. Biosimilars - Can the dream of affordable cancer care come true? https://www.vjhemonc.com/feature/featurebiosimiliars/. Accessed Nov 11, 
2017

Is stepwise – moving onwards 
when the critical attribute of the 
drug have been shown to 
comparable at each step 
to the reference 
medicine 

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

At each step – a biosimilar has to prove “comparability
”

“Similarity”is based on the 
“Totality” of all the data

Confidence in Biosimilars requires that you 
understand all these topics



Biosimilar assessment

Ref:  [1] Paul Cornes. Biosimilars - Can the dream of affordable cancer care come true? https://www.vjhemonc.com/feature/featurebiosimiliars/. Accessed Nov 11, 
2017

Is stepwise – moving onwards 
when the critical attribute of the 
drug have been shown to 
comparable at each step 
to the reference 
medicine 

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

Comparable 
to the 

originator

At each step – a biosimilar has to prove “comparability
”

STEP 1 – Analysis:
60-100 Critical Attributes that 
determine Quality, Safety & 
Efficacy are compared in a 
typical biosimilar regulatory 
study



Inherent variation in biological products enables 
biosimilars to be made

Ref: [1] Schiestl, M. et al., Nature Biotechnology 2011;29:310-312

Biologics can never be identical 
– there is always variation over 

time

The critical attributes of each 
batch is carefully analysed so 

that each batch should have no 
risk of a clinically significant 

difference

The critical attributes of a 
biologic drug are defined by the 

drug regulators

STEP 1 – Analysis:
60-100 Critical Attributes that 
determine Quality, Safety & 
Efficacy are compared in a 
typical biosimilar regulatory 
study



Inherent variation in biological products enables 
biosimilars to be made

Ref: [1] Schiestl, M. et al., Nature Biotechnology 2011;29:310-312      [2] Schneider CK. Biosimilars in rheumatology: the wind of change.Ann Rheum Dis. 2013 
Mar;72(3):315-8. doi: 10.1136/annrheumdis-2012-202941 [3] McCamish M, Gillian Woollett G. Worldwide experience with biosimilar development. MAbs. 2011 Mar-Apr; 
3(2): 209–217.Published online 2011 Mar 1. doi:  10.4161/mabs.3.2.15005 

The variation in critical structure of the 
original “reference drug” is monitored over 

its lifetime – as this will set the limits of 
variability of a subsequent biosimilar copy

The biosimilar maker will aim to produce a 
drug with critical attributes of structure that 

lie inside the reference drug variations

This is crucial to understanding that the risk 
of a biosimilar copy is proportional to the 
accepted risks of manufacturing changes



Biosimilar assessment – the role of Clinical trials

Ref:  [1] Paul Cornes. Biosimilars - Can the dream of affordable cancer care come true? https://www.vjhemonc.com/feature/featurebiosimiliars/. Accessed Nov 11, 
2017

Is stepwise – moving onwards 
when the critical attribute of the 
drug have been shown to 
comparable at each step 
to the reference 
medicine 

any residual 
uncertainty is 

assessed in the
clinical trial stage: 

which must include PK, PD, 
Immunogenicity, safety & efficacy
PK = Pharmacokinetics; PD = Pharmacodynamics

“RESIDUAL UNCERTAINTY” 
is a key concept as it implies 
the primacy of Analytical Data 
as the most significant step in 

approving Biosimilars



Biosimilar assessment

Ref:  [1] Paul Cornes. Biosimilars - Can the dream of affordable cancer care come true? https://www.vjhemonc.com/feature/featurebiosimiliars/. Accessed Nov 11, 
2017

Is stepwise – moving onwards 
when the critical attribute of the 
drug have been shown to 
comparable at each step 
to the reference 
medicine 

PK = Pharmacokinetics; PD = Pharmacodynamics

any residual 
uncertainty is 

assessed in the
clinical trial stage: 

which must include PK, PD, 
Immunogenicity, safety & efficacy

“Similarity”is based on the 
“Totality” of all the data



“It depends…..”

Medicines regulation can seem complex 
- understand variability in structure can be acceptable

§ Which key will open the lock?

Image - Bunch of Keys, CC0 Creative Commons, Free for commercial use. https://pixabay.com/p-453480/?no_redirect. Accessed Oct 12, 2017  [2] Key in lock - image.  
Filtered Free for commercial use. https://pixnio.com/free-images/2017/05/18/2017-05-18-09-11-42.jpg. Accessed Oct 12, 2017

“Only some variation has a 
functional impact.”



The changing trend of publications about biosimilars: 
2004-2015

§ Thorsten Daubenfeld, and colleagues analysed the trends in approach 
to biosimilars in papers published 2004 through 2015

Ref:  [1] Image adapted from - Thorsten Daubenfeld, Jonas Dassow, Maximilian Keßler and Jonas Schulze. Understanding the market dynamics of biosimilars. J 
Business Chemistry. 2016;13(1). http://www.businesschemistry.org/article/?article=218. Accessed May 25, 2016



2. Ensuring Quality, Safety and Efficacy

§ There are 2 ways to explain this
• Which one do you prefer?

Ref:  [1] 

1. Practical Experience with 
Biosimilars in Europe

2. Understanding the 
pharmaceutical and 

regulatory science behind 
Biosimilars in Europe
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Are EMA approved biosimilars interchangeable? 

§ The science of switching - analytics

Drug –
Version B

Drug –
Version A



Can switching to a biosimilar be harmful? Theory

§ For switching to be a problem – there would 

have to be a “carry over” effect from one drug 

to another

• The only mechanism that we can imagine 

causing this would be immunogenicity 

leading to anti-drug antibody formation

§ For switching to be a problem, the two drugs 

would need to have a different immune profile

• For this reason, regulators set strict 

guidance on immunogenicity before a 

biologic can be approved [2]

Ref:  [1] Yanai H et al. Levels of drug and antidrug antibodies are associated with outcome of interventions after loss of response to infliximab or adalimumab. Clin Gastroenterol Hepatol. 2015 Mar;13(3):522-530.e2. doi: 10.1016/j.cgh.2014.07.029. Epub 2014 Jul 25.  

[2]Guidance for Industry Immunogenicity Assessment for Therapeutic Protein Products. U.S. Department of Health and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER), Center for Biologics Evaluation and Research

(CBER). August 2014. URL: http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm338856.pdf. Accessed Jan 27, 2016

1. So in theory – this 

risk should be small

Drug –

Version B

Drug –

Version A



Can switching to a biosimilar be harmful?
Theory - Anti-drug immunity

Ref:  [1] European Medicines Agency. Similar biological medicinal products containing biotechnology-derived proteins as active substance: non-clinical and clinical 
issues, CHMP/BMWP/42832/2005 rev1, Draft Revision, June 3, 2013. Available from: 
http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?webContentId=WC500144124&mid=WC0b01ac058009a3dc.2. 

No observed differences in clinically 
relevant immunogenicity between the 

approved biosimilar and originator 
products following authorization by EMA. 

2. Enhanced 
immunogenicity has 
not yet been seen

1. So in theory – this 
risk should be small



Can switching to a biosimilar be harmful? Practice

§ In practice, with 10 years of experience of biosimilars in Europe, 
no problems have been identified.
• Over that time, patient exposure to biosimilars has been 

measured in millions

Ref:  [1] Ebbers HC et al. The safety of switching between therapeutic proteins. Expert Opin Biol Ther 2012;12(11):1473-85 

1. So in theory – this 
risk should be small

2. Enhanced 
immunogenicity has 
not yet been seen

3. And in practice – this 
risk has not been seen



Meta-analysis of switching: 
Smaller Biologics <200 Amino Acids

Ebbers HC et al. The safety of switching between therapeutic proteins. Expert Opin Biol Ther 2012;12(11):1473-85 

12,039 patients in 
58 clinical trials

193 Post Authorisation Adverse event 
reports from EU DRA Vigilance

Meta-analysis of switching: 
1st Generation Biosimilars in Europe 



Meta-analysis of switching: 
Smaller Biologics <200 Amino Acids

Ebbers HC et al. The safety of switching between therapeutic proteins. Expert Opin Biol Ther 2012;12(11):1473-85 

12,039 patients in 
58 clinical trials

193 Post Authorisation Adverse event 
reports from EU DRA Vigilance



Meta-analysis of switching: 
Smaller Biologics <200 Amino Acids

Ebbers HC et al. The safety of switching between therapeutic proteins. Expert Opin Biol Ther 2012;12(11):1473-85 

12,039 patients in 
58 clinical trials

193 Post Authorisation Adverse event 
reports from EU DRA Vigilance

Human Growth Hormone –
no safety signals

Epoetin – no safety signals

G-CSF – no safety signals



Metanalysis of switching studies: 
Larger Biologics ≥200 Amino Acids - March 2018

§ Thirty-six publications provided primary data 
describing the efficacy of large biologics 
(those with proteins 200 amino acids in length 
or larger, including etanercept, adalimumab, 
infliximab, and rituximab) after switching to 
biosimilars.
• 12 were single-arm studies 
• 24 were cohort studies 
• 24 Measured Immunogenicity

Ref:  [1] Cohen HP, Blauvelt A, Rifkin RM, Danese S, Gokhale SB, Woollett G. Switching reference medicines to biosimilars: a systematic literature review of clinical 
outcomes. [Published online March 3, 2018] Drugs. doi: 10.1007/s40265-018-0881-y.

“  In all studies reporting 
immunogenicity data, ADA and NAB 
levels were found to be comparable 
at baseline and at the end of study 
across all disease indications and 

treatment groups  “

“  the risk of immunogenicity-
related safety concerns or 

diminished efficacy is unchanged 
after switching from a reference 

biologic to a biosimilar medicine  “  

ADA = Anti Drug Antibody
NAB = Neutralising Antibody



Biosimilars advocacy for switching in Europe –
to June 2017
Authorities & Governments Medical, Pharmacist & Patient  

Societies

Ref:  [1] Positioning Statements on Physician-led Switching1 for Biosimilar Medicines Date: Update June 2017. Medicines for Europe. 
http://www.medicinesforeurope.com/wp-content/uploads/2017/03/M-Biosimilars-Overview-of-positions-on-physician-led-switching.pdf. Accessed March 18, 2018.  [2] 
Kurki, P., van Aerts, L., Wolff-Holz, E. et al. BioDrugs (2017) 31: 83. https://doi.org/10.1007/s40259-017-0210-0 



Interchangeability –
European Regulators Speak Up

§ Finland
§ Germany
§ Netherlands
§ Norway

Ref:  [1] Pekka Kurki, Leon van Aerts, Elena Wolff-Holz, Thijs Giezen, Venke Skibeli, Martina Weise. Interchangeability of Biosimilars: A European Perspective. BioDrugs DOI 10.1007/s40259-
017-0210-0. accessed March 14, 2017   [2] Austrian Medicines Authourity positive towards biosimilar interchangeably. GaBI Vol 6, 2017- issue 1
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4. Extrapolation between different indications

European regulators wrote -
“  Extrapolation of data is already 

an established scientific and 
regulatory principle that has been 

exercised for many years, for 
example in the case of major 
changes in the manufacturing 

process of originator biologicals ”

Ref:  [1] Weise, M., Kurki, P., Wolff-Holz, E., Bielsky, M., & Schneider, C. K. (2014). Biosimilars: the science of extrapolation. Blood, 124(22), 3191-3196. Accessed March 18, 2018. 
https://doi.org/10.1182/blood-2014-06-583617.   [2] Schiestl M, Acceptable changes in quality attributes of glycosylated biopharmaceuticals. Nat Biotechnol. 2011;29(4):310–2. doi: 
10.1038/nbt.1839 

Drug –
Version A

Drug –
Version B

This version of the drug shares the 
same approved indications after 

manufacturing change



4. Extrapolation between different indications

§ A drug proved similar in 
one indication can have 
approval extrapolated to 
other indications 
provided there is 
scientific justification

Ref:  [1] Weise, M., Kurki, P., Wolff-Holz, E., Bielsky, M., & Schneider, C. K. (2014). Biosimilars: the science of extrapolation. Blood, 124(22), 3191-3196. Accessed March 18, 2018. https://doi.org/10.1182/blood-2014-06-583617.   [2] Tesser JR, Furst DE, Jacobs I. Biosimilars and the 
extrapolation of indications for inflammatory conditions. Biologics : Targets & Therapy. 2017;11:5-11. doi:10.2147/BTT.S124476.  [3] Agarwal AB, McBride A. Understanding the biosimilar approval and extrapolation process-A case study of an epoetin biosimilar. Crit Rev Oncol Hematol. 
2016 Aug;104:98-107. doi: 10.1016/j.critrevonc.2016.04.016. Epub 2016 May 20.

1. The New version of the drug is highly 
similar to the original version shown by a 
comprehensive comparability program

5. Extrapolation is from the Most Sensitive to 
the Less Sensitive indication

4. Pharmacokinetics are similar

3. The Mechanism of Toxicity is the same

2. The Mechanism of Action is the same in 
each indication



4. Extrapolation between different indications

§ Rituximab for example

Ref:  [1] Seyfizadeh N et al. A molecular perspective on rituximab: A monoclonal antibody for B cell non Hodgkin lymphoma and other affections. Crit Rev Oncol Hematol. 2016 Jan;97:275-90. doi: 
10.1016/j.critrevonc.2015.09.001. Epub 2015 Sep 30.

Has 3 possible Mechanism of Action (MoA)–
all leading to the depletion of B-Lymphocytes 

expressing the CD-20 Biomarker

(1) antibody dependent cellular 
cytotoxicity (ADCC), 

(2) complement mediated cytotoxicity
(CMC), and

(3) Apoptosis – programmed Cell Death

A biosimilar needs to be similar-enough 
in all 3 to ensure no Clinically 

Meaningful Difference could occur



4. Extrapolation between different indications

§ Rituximab for example

Ref:  [1] Seyfizadeh N et al. A molecular perspective on rituximab: A monoclonal antibody for B cell non Hodgkin lymphoma and other affections. Crit Rev Oncol Hematol. 2016 Jan;97:275-90. doi: 
10.1016/j.critrevonc.2015.09.001. Epub 2015 Sep 30.

Has 3 possible Mechanism of Action (MoA)–
all leading to the depletion of B-Lymphocytes 

expressing the CD-20 Biomarker

These MoA explain the role of rituximab
in managing both B-Cell Malignancies 

and a wide range of Auto-Antibody 
driven immune diseases

and explains the shared Mechanism of 
Toxicity that causes 

immunosuppression and an increased 
risk of serious infections such as TB
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Pharmacovigilance studies 
for biosimilars has shown 

>95% identification

No unexpected signals 
have been seen

Success of vigilance depends on prescribing standards

Ref [1]  Vermeer NS et al. Traceability of biopharmaceuticals in spontaneous reporting systems: a cross-sectional study in the FDA Adverse Event Reporting System (FAERS) and EudraVigilance databases.Drug Saf. 2013 
Aug;36(8):617-25.   [2] Biosimilars in the EU - Information guide for healthcare professionals. Prepared jointly by the European Medicines Agency and the European Commission. 
http://www.ema.europa.eu/docs/en_GB/document_library/Leaflet/2017/05/WC500226648.pdf. Accessed March 18, 2018



How good is the new vigilance system?
§ EUDRA – Vigilance
• 2,108,742 unique ADR reports
• 439,971 biologic ADRs

• A total of 13,790 biopharmaceuticals (9,759 suspected) for 
which a biosimilar has been approved in the EU were 
identified in EV. 

• For 96.2 % of the suspected biopharmaceuticals the product 
was clearly identifiable.

Ref [1]  Vermeer NS et al. Traceability of biopharmaceuticals in spontaneous reporting systems: a cross-sectional study in the FDA Adverse Event Reporting System 
(FAERS) and EudraVigilance databases.Drug Saf. 2013 Aug;36(8):617-25.



Success of vigilance depends on prescribing standards

§ Prescribing is 
via 2 names INN Brand 

Identification

INN Brand Name

INN 4 letter suffix

INN Sequential 
number

Ref:  [1] Brennan Z. Non-Proprietary Naming of Biologics and Biosimilars: FDA Finalizes Guidance. Regulatory Focus - Posted 12 January 2017. https://www.raps.org/regulatory-focus%E2%84%A2/news-articles/2017/1/non-
proprietary-naming-of-biologics-and-biosimilars-fda-finalizes-guidance. Accessed March 18, 2018   [2] Naming and interchangeability for biosimilars in Japan. GaBI Posted 07/10/2016. 
http://www.gabionline.net/Reports/Naming-and-interchangeability-for-biosimilars-in-Japan. Accessed March 18, 2018
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Ref:  [1] The world's most sold cancer drugs in 2015. Pharmaceutical Technology Mar 31, 2016. http://www.pharmaceutical-technology.com/features/featurethe-worlds-most-sold-cancer-drugs-in-2015-4852126/. Accessed September 18, 2017  [2] Image - Infusion of 

medicine. CCO License, Wikimedia. https://upload.wikimedia.org/wikipedia/commons/f/f4/Infuuszakjes.jpg. Accessed September 18, 2017.  [3] FDA-Approved Biosimilar Products. 

https://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/ucm580432.htm. Accessed March 14, 2018  [4] Biosimilar medicines. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/general/general_content_001832.jsp&mid=WC0b01ac0580bb8fda. Accessed March 14, 2018    [5] SD launches EU’s first biosimilar Herceptin in UK. 

-

Affordable Access to 

healthcare 

Our Greatest Remaining 

Challenge?
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Ref:  [1] The world's most sold cancer drugs in 2015. Pharmaceutical Technology Mar 31, 2016. http://www.pharmaceutical-technology.com/features/featurethe-worlds-most-sold-cancer-drugs-in-2015-4852126/. Accessed September 18, 2017  [2] Image - Infusion of 

medicine. CCO License, Wikimedia. https://upload.wikimedia.org/wikipedia/commons/f/f4/Infuuszakjes.jpg. Accessed September 18, 2017.  [3] FDA-Approved Biosimilar Products. 

https://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/ucm580432.htm. Accessed March 14, 2018  [4] Biosimilar medicines. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/general/general_content_001832.jsp&mid=WC0b01ac0580bb8fda. Accessed March 14, 2018    [5] SD launches EU’s first biosimilar Herceptin in UK. 

-

All 3 approved in Europe

All 3 approved in the USA

As of March 2018
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In recent surveys  - how confident have Oncologists and 
Haematologists in Europe and the USA been in recommending 
that cancer patients can safely use a biosimilar version of a 
therapeutic cancer biologic medicine such as trastuzumab or 
rituxumab?
A. Majority confident - more than 

90% feel biosimilars will be as safe 
and effective as the original 
reference drug.

B. Split 50:50 - with as many 
confident as not confident.

C. Majority are NOT-confident in using 
a biosimilar.

D. Don't know.

A. B. C. D.

13%

0%0%

87%



In recent surveys  - how confident have Oncologists and 
Haematologists in Europe and the USA been in recommending that 
cancer patients can safely use a biosimilar version of a therapeutic 

cancer biologic medicine such as trastuzumab or rituxumab?

26%

46%

18%

10%

13%

87%

0%

0%

Majority confident - more than 90% feel biosimilars will be as safe
and effective as the original reference drug.

Split 50:50 - with as many confident as not confident.

Majority are NOT-confident in using a biosimilar.

Don't know.

First Slide Second SlideBefore After



When switching a cancer patient from a reference biologic to a 
biosimilar  - how great is the risk of an increase in adverse 
events?

A. No significant difference 
expected - the risks of 
switching are in proportion to 
the risks of not switching 
brands.

B. The risks are greater when 
switching occurs.

C. The risks are less when 
switching occurs.

D. Don’t know.
A. B. C. D.

89%

0%3%
8%



When switching a cancer patient from a reference biologic to a 
biosimilar  - how great is the risk of an increase in adverse events?

67%

19%

9%

5%

89%

8%

3%

0%

No significant difference expected
- the risks of switching are in
proportion to the risks of not

switching brands.

The risks are greater when
switching occurs.

The risks are less when switching
occurs.

Don’t know.

First Slide Second SlideBefore After



How should biologic medicines be named when prescribing in 
Europe?

A. The International Non-
Propriatary Name (INN) is 
sufficient - as with generic 
medicines.

B. Both the INN and the Brand 
name should be used.

C. The INN and a random 4-letter 
suffix should be used.

D. Don’t know.
A. B. C. D.

1% 0%4%

95%



How should biologic medicines be named when prescribing in 
Europe?

23%

59%

13%

6%

1%

95%

4%

0%

The International Non-Propriatary
Name (INN) is sufficient - as with

generic medicines.

Both the INN and the Brand name
should be used.

The INN and a random 4-letter
suffix should be used.

Don’t know.
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