Biosimilars Canada

The Voice of Biosimilar Medicines in Canada

Biosimilar medicines —

a commitment to scientific excellence

With biosimilar medicines, patients and healthcare providers
benefit from high quality and efficacious therapeutic alternatives.

But how are biosimilar medicines developed, and how is their
efficacy and safety ensured?




Biological medicines display an inherent degree @
of minor variability (microheterogeneity), which is
tightly controlled?

Biological medicines are made Biological medicines consist of Any biological medicine will display

in living organisms and purified relatively large and often highly microheterogeneity, even between
through complex complex molecular entities? different batches of the same product.
manufacturing processes? This normal feature is tightly controlled?

The heterogeneity of biological medicines not only reflects the natural variation of these

molecules, but also the variability of the production process13

References: 1. Schneider C. Ann Rheum Dis 2013;72:315-8; 2. Gudat U. Pharma Horizon 2016;1:35-38; 3. Weise M, et al. Blood 2012;120;5111-7.



Throughout their lifecycle, biological medicines @
undergo changes to their manufacturing process!

Changes in the manufacturing process of a biological Number of approved manufacturing changes for
medicine are very common and can include:3 monoclonal antibodies according to risk category

[6)]
o

= Upscaling the process

N
[6)]

m High risk

N
o

= Yield improvement
E Moderate

risk
m Low risk
Following any change, comparability testing must be I I I
performed to ensure that the safety and efficacy is
maintained across the different versions of the same Rituximab ~ Infliximab  Adalimumab Trastuzumab
biological medicine?

w
)]

= New purification methods

w
o

= Change of cell line

= N
o O

= Change of manufacturing site

Number of manufacturing changes
- N
o [6)]

o O

Figure adapted from Vezér et al. 20162

The acceptable variability of the reference biological medicine over its lifecycle desighates

the goalposts for biosimilar product development®6

References: 1. McCamish M, Woollett G. Clin Pharmacol Ther 2012;91:3:405-17; 2. Vezér B, et al. Curr Med Res Opin 2016;32:829-34; 3. Schiestl M, et al. Nat Biotechnol 2011;29:310-2;
4. ICH Q5E guideline on comparability of biotechnology-derived products after a change in the manufacturing process. 2016. Accessed March 2020;
5. McCamish M, Woollett G. mAbs 2011;3:209-17; 6. McCamish M, Woollett G. Clin Pharmacol Ther 2013;93:315-7.



https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-comparability-biotechnology-derived-medicinal-products-after-change-manufacturing-process_en.pdf

Changes to manufacturing of biological medicines are
approved following a stepwise comparability exercise?

Comparability bridging studies and adherence to specific pharmacovigilance regulations may be
required, depending on the nature of the changes made to the manufacturing process?

Analytical testing Non-clinical studies Clinical studies

= Originator manufacturers rely almost exclusively on analytics and extrapolation of indications to obtain
approval for the process changes3*

= Regulators have over two decades of experience in evaluating and approving these changes, based on
comparability exercises in line with internationally agreed standards

= When comparability has been demonstrated, the new version of the product can be introduced to the market
without informing prescribers, pharmacists, or patients®

The scientific principles for establishing biosimilarity are the same as those for demonstrating

comparability after a change in the manufacturing process of an already licensed biological medicine”8

References: 1. Chirino AJ, Mire-Sluis A. Nat Biotechnol 2004;22:1383-91; 2. European Medicines Agency and Heads of Medicines Agency. EMA/168402/2014. Accessed March 2020; 3. Cornes P,
Muenzberg M. Pharma Horizon 2016;1:30-34; 4. Weise M, et al. Blood 2014;124:3191-6; 5. McCamish M, Woollett G. Clin Pharmacol Ther. 2013;93:315-7; 6. Kurki P, et al. BioDrugs 2017 [Epub ahead of
print]; 7. Weise M, et al. Blood 2012;120;5111-7; 8. EMA. Guideline on similar biological medicinal products. Accessed March 2020.



https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-product-population-specific-considerations-ii_en-0.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-rev1_en.pdf

Biosimilar medicine development is target-orientated, @
comparative, and follows a stepwise approachi-3

Confirm comparability between
3 the biosimilar medicine and
the biosimilar medicine the reference product

Complete manufacturing

Define and characterize the
process development of

reference product

The sensitivity of in vitro characterization  Bjosimilar medicine process The quality, non-clinical, pharmacokinetics
continues to improve, and has increased  development is a reiterative procedure (PK)/pharmacodynamics (PD), and clinical
10 million-fold between 1990 and 2011 whereby the product quality is profiles of the biosimilar are sequentially
for some methods* continuously reviewed?!? compared with the reference product!?

The range of variability allowed for a biosimilar medicine is the same as that allowed

between batches of the reference medicinel-3

References: 1. FDA. Available at https://www.fda.gov/drugs/biosimilars/biosimilar-development-review-and-approval Accessed Sept. 2020; 2. EMA. Guideline on similar biological medicinal
products containing biotechnology-derived proteins as active substance: non-clinical and clinical issues. Accessed March 2020; 3. EMA. Guideline on similar biological medicinal products.
Accessed March 2020; 4. Mire-Sluis: The regulatory implications of the ever increasing power of mass spectrometry and its role in the analyses of biotechnology products-where do we draw the
line? . Accessed March 2020.



https://www.fda.gov/drugs/biosimilars/biosimilar-development-review-and-approval
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-rev1_en.pdf
https://cdn.ymaws.com/www.casss.org/resource/resmgr/Mass_Spec_Speaker_Slides/2012_MS_Mire-SluisTony.pdf
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Example of variability between a biosimilar and the (GBA

reference medicine

= Variability (yellow shadow) between a
biosimilar and the reference medicine is

comparable to what may occur between “w )‘?. Y ).?.
different batches of the same biological g g
medicine

= Minor variability, e.g. in glycosylation
(represented by small blue triangles) may be
allowed, while the protein’s amino acid
seqguence (circles) and biological activity are
the same

Biosimilar medicine Reference medicine

Text and figure page 4/36 Biosimilars in the EU — Information guide for Healthcare Professionals. Available at https://tiny.cc/# . Accessed September 2020


https://tiny.cc/

Quality comparability establishes highly similar
physiochemical properties and biological activity'2

References: 1. FDA. Scientific considerations in demonstrating biosimilarity to a reference product. Accessed April 2020; 2. EMA. Guideline on similar biological medicinal products containing
biotechnology-derived proteins as active substance: non-clinical and clinical issues. Accessed March 2020; 3. Weise M, et al. Blood 2012; 120; 5111-7.

Analytical and functional comparability studies are the
foundation of biosimilar medicine development?.2

Analytical testing is a more sensitive means of detecting
differences than randomized clinical trials!:2

The biosimilar medicine and the reference product must
be highly similar at a molecular levell3

— The primary structures (amino acid sequences) must
be identical

— Higher-level structures must be indistinguishable

Impurities, biological activity, and post-translational
modifications are also compared?!?2

The degree of quality similarity will determine the scope
and the breadth of the required non-clinical and clinical
data to rule out differences in clinical performance?l2



https://www.fda.gov/media/125484/download
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf

Non-clinical comparability establishes that
functionally, the biosimilar medicine and the
reference product are similart-2

= The biosimilar medicine must display highly
similar functionality to the reference biological
medicine

= Multiple in vitro (and in exceptional cases, in
vivo) assays are used to measure the binding of
the biosimilar medicine to target antigens or
receptors

References: 1. FDA. Scientific considerations in demonstrating biosimilarity to a reference product. Last accessed April 2020; 2. EMA. Guideline on similar biological medicinal products containing
biotechnology-derived proteins as active substance: non-clinical and clinical issues. Last accessed March 2020.



https://www.fda.gov/media/125484/download
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf

PK/PD comparability establishes that the
biodistribution of the biosimilar and the reference
product are similar

= Comparative pharmacokinetic (PK) and/or
pharmacodynamic (PD) studies in humans are designed to
further support comparability data, or to detect potential

differences between the biosimilar medicine and the
reference product?!

= The PK study is a major gatekeeper in the clinical
biosimilarity exercise

= |n certain cases, the comparative analytical, non-clinical,
and human PK/PD (clinical immunogenicity) studies may
be sufficient to definitively confirm biosimilarity to the
reference product!?2

References: 1. EMA. Guideline on similar biological medicinal products containing biotechnology-derived proteins as active substance: non-clinical and clinical issues. Accessed March 2020; 2.
Ventola CL. PT 2013;38:270-4,277, 287. Evolution of the EU biosimilar Framework: Past and Future” (4) the European regulators Elena Wolff-Holz et.al.



https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf

Clinical comparability complements and
confirms the comparability demonstrated at the
prewous steps

Tailored clinical comparability, where appropriate, confirms that
the structural concordance translates into clinical performance,
and is designed to rule out clinically relevant differences in safety
or efficacy?

= Comparative clinical trials, where needed, are performed in a

scientifically justified ‘clinical model’ that is sensitive to small
differences?®

= (Clinical safety (including immunogenicity) is important throughout
the clinical development program. Safety data is captured during
the initial pharmacokinetic (PK) and/or pharmacodynamic (PD)
studies, and the comparative clinical study, where required?=®

The biosimilar medicine is only approved if there are no clinically

meaningful differences from the reference product’

References: 1. Gudat U. Pharma Horizon 2016;1:35-38; 2. FDA. Scientific considerations in demonstrating biosimilarity to a reference product. Last accessed April 2020; 3. EMA. Guideline on
similar biological medicinal products containing biotechnology-derived proteins as active substance: non-clinical and clinical issues. Accessed March 2020; 4. Ventola CL. PT 2013;38:270-4,277,
287; 5. Schneider C. Ann Rheum Dis. 2013;72:315-8; 6. Kurki P, et al. BioDrugs 2017 [Epub ahead of print].



https://www.fda.gov/media/125484/download
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf
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How can we tailor biosimilar development? A

= Continuously apply evolving regulatory sciences;
= Maintain robust regulatory standards that have resulted in an impeccable track record of biosimilar medicines;

= Adapting the biosimilar framework with the latest knowledge is reflected in objectives of EMA 1, MHRA 2,
WHO3
* e.g. EMA objective: “Further develop the biosimilar framework, adapting the clinical part of
the development to the latest scientific knowledge concerning the comparability
assessment” 1.
* MHRA Objective: “Develop and publish guidance on a new innovative UK licensing
procedure for biosimilar products to operate from 1 January 2021 to reduce the burden on

clinical trial data generation” 2.

EMA Regulatory Science to 2025, EMA/110706/2020, published 2020, accessed 16 April 2020
MHRA Business plan 2020-21, https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/889864/MHRA Business Plan 2020 to 2021.pdf

,accessed 17 June 2020; MHRA draft biosimilar guideline , accessed October 20220
WHO - Main outcomes of the meeting of the WHO Expert Committee on Biological Standardization held from 21 to 25 October 2019, accessed 21 April 2020; see also Backup-slide

“WHO Discussion)



2019%20Contacts.docx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/889864/MHRA_Business_Plan_2020_to_2021.pdf
https://www.gov.uk/government/consultations/mhra-draft-guidance-on-the-licensing-of-biosimilar-products
https://www.who.int/biologicals/expert_committee/ECBS_Executive_Summary_final.IK.8_Nov_2019.pdf?ua=1

Evolution of biosimilar development options for @
therapeutic proteins

A

*No PD as early measure of
physiological response
required for clinical efficacy

(in-vivo)

Functional analysis

_ _ e

Biosimilar development Today’s accepted Proposed additional option
as setup 2004 regulatory options of tailored development
5 step approach 4 step approach 3 step approach
1. Physicochemical analysis 1. Physicochemical analysis 1. Physicochemical analysis
2. Functional analysis 2. Functional analysis 2. Functional analysis
3. Non-clinical (in-vivo) An in vivo animal study is usually not considered necessary
4. Clinical PK/PD 3. Clinical PK 3. Clinical PK (Additional confirmation of

immunogenicity/safety only if needed)

5. Comparative clinical efficacy 4.Comparative clinical efficacy or, instead clinical Confirmation of biosimilar efficacy provided
PD with sufficiently qualified PD marker by functional analysis and clinical PK




Current resources

Current Opinion | Open Access | Published: 06 August 2019
An Efficient Development Paradigm for Biosimilars

Christopher J. Webster, Anny C. Wong & Gillian R. Woollett (5]

BioDrugs 33, 603-611(2019) | Cite this article
3111 Accesses | 4 Altmetric | Metrics

Abstract

The current development paradigm for biosimilars required by regulators in highly regulated
jurisdictions is derived from the development of novel drugs and is unnecessarily burdensome
and inefficient. It requires the accumulation of data from analytical, nonclinical (including in
vivo studies in some jurisdictions), and clinical studies (including powered efficacy studies in
most cases); this paradigm is known as ‘totality of evidence’ (ToE) and does not admit a
conclusion of biosimilarity from analytical data alone. The record of biosimilar approvals in
these jurisdictions shows that no biosimilar candidate that has been found highly similar to its
reference in analytical and pharmacokinetic studies has failed to be approved. We propose a
new paradigm (‘confirmation of sufficient likeness’, CSL) that emphasizes the demonstration
of analytical resemblance between the biosimilar candidate and its reference, and permits the
conclusion of biosimilarity upon this basis. CSL does not entail bridging studies between
reference products, in vivo nonclinical studies, or powered efficacy studies and is, therefore,
substantially more efficient than ToE while maintaining equivalent scientific rigor. Such
efficiency will contribute to the attractiveness as well as the sustainability of biosimilars as a

therapeutic modality.

Review Article | Open Access | Published: 20 September 2019
Evolution of the EU Biosimilar Framework: Past and
Future

Elena Wolfi-Holz 4, Kiars Tiitso, Camille Viemincio & Martins Weise

BicOrugs 33, 6 | Cite this article

s | 1 Altmetric | Metrics

Abstract

The approval of biosimilars in the EU follows 2 based on
stringent regulatory standards. While the initial h to bi was undl dably
cautious and conservative in that uncharted territory to protect patients” safety, the analytical
and scientific progress and ace experience with biosimilars continues to reshape

v ir lly leading to 2 reduced burden of clinical trials. This trend is

pectad to continue, for example, by i v employing ynami i

and biomarkers, but much work remains to make this happen, especially for complex
molecules with several or unknown mechanisms of action. We reviewad the available guidance

ive scientific

and European Public Assessment Raports (EPARs) of biosimilars approved in the EU via the
centralized procedure. This review focuses on the nature and extent of clinical confirmation of
biosimilarity considered necessary in addition to analytical and functional data. Cases with
conflicting results from different parts of the comparability exercise are discussed, with the
aim of identifying whether certain elements of the comparzbility exsrcise are more important
than others in determining biosimilarity. Taken togather, analytical and functional
comparison is the dation of any biosi: In addition, pharmacokinetic
similarity is an indisp bl ite for any bios pD! . s0 careful ing on
behalf of the i i to avoid p izl failure of such studies, for example,
because of large interindividual varizbility, underpowerad trial designs or other

thodol ive ph kinetic studies are a basic requi for
biosimilar development and are usually more sensitive than clinical efficacy trials when
detecting potential product-related differences. This may explain why a demonstration of
equivalent efficacy could not overrule a finding of dissimilar pharmacokinetic profiles in two
i of efficacy trials depends not only on
drug exposurs but also on proper pharmacolegical action of the biological substance in vive.
Therefore, the objectives of both types of studies differ. Efficacy trials should usually be
designed as equivalence trials to ensurs that the efficacy of the biozimilar is neither decreased
uncertainty
regarding potentizlly increased efficacy of the biosi may be D in excepti
cases, provided that the data from other parts of the comparability exercise clearly supporta
conclusion of bicsimilarity and safety is assured. In contrast, uncertainties regarding
potentially inferior efficacy of the biosi: may not be atall we lude that the
EU biozimilar regulatory framework is robust and able to adapt to advancing knowledge and
experience and to strike 2 balance between regulatory standards, patient safety and feasibility
of biosimilar development.

ical causes.

cases of biosi , the

nori d d with the product. T, some

Review Article | Open Access | Published: 07 April 2020
The Path Towards a Tailored Clinical Biosimilar
Development

Martin Schiestl &, Gopinath Ranganna, Keith Watson, Byoungin Jung, Karsten Roth, Bjérn Capsius, Michael
Trieb, Peter Bias & Julie Maréchal-Jami

BioDrugs 34, 297-306(2020) | Cite this article
3245 Accesses | 3 Altmetric | Metrics

Abstract

Since the first approval of a biosimilar medicinal product in 2006, scientific understanding of
the features and development of biosimilar medicines has accumulated. This review
scrutinizes public information on development programs and the contribution of the clinical
studies for biosimilar approval in the European Union (EU) and/or the United States (US)
until November 2019. The retrospective evaluation of the programs that eventually obtained
marketing authorization and /or licensure revealed that in 95% (36 out of 38) of all programs,
the comparative clinical efficacy studies confirmed similarity. In the remaining 5% (2 out of
38), despite meeting efficacy outcomes, the biosimilar candidates exhibited clinical differences
in immunogenicity that required changes to the manufacturing process and additional clinical
studies to enable biosimilar approval. Both instances of clinical differences in immunogenicity
occurred prior to 2010, and the recurrence of these cases is unlikely today due to state-of-the-
art assays and improved control of process-related impurities. Biosimilar candidates that were
neither approved in the EU nor in the US were not approved due to reasons other than clinical
confirmation of efficacy. This review of the development history of biosimilars allows the
proposal of a more efficient and expedited biosimilar development without the routine need
for comparative clinical efficacy and/or pharmacodynamic studies and without any
compromise in quality, safety, or efficacy. This proposal is scientifically valid, consistent with
regulation of all biologics, and maintains robust regulatory standards in the assessment of
biosimilar candidates. Note: The findings and conclusion of this paper are limited to
biosimilar products developed against the regulatory standards in the EU and the US.



Approval of all indications of biosimilar @
medicines is based on the totality of evidence

= A biosimilar may be approved for one or more = The approvals are based on extrapolation of data,
indications for which its reference product is which is an established regulatory and scientific
licensed, but for which there was no head-to-head principle. This approach is also used by regulators in
clinical comparison the approval of changes to the reference product

manufacturing process, and in pharmaceutical

= These indications are individually evaluated based on development of all biological medicines

sound science

While no one piece of information is sufficient to demonstrate biosimilarity, when taken together,
the evidence forms a comprehensive picture in each and every approved condition

References: Weise M, et al. Blood 2014;124:3191-6.



Extrapolation of indications is based on the clinical experience @
with the reference product and the entire similarity exercisel

Similarity space

Studies Reference Biosimilar

Structural attributes

Biological functions

Human PK/PD

Other indication(s)

 ustRe

Sensitive indication

High similarity is a prerequisite — patients and healthcare providers can be assured that the
biosimilar medicines are as safe and effective as their reference products

Abbreviations: PK, pharmacokinetic; PD, pharmacodynamic

References: 1. Windisch J. The Science of Biosimilars. Sandoz Training Workshop, London, April 2015 [Data on file]. Figure adapted from Windisch J.



@

Biosimilar medicine development requires significant
investment and state-of-the-art technologies

= Significant investment, costing 100-300 million USD and taking up to eight years to develop, is
needed to achieve a successful similarity exercise !

= Highly sophisticated analytical tools allow for a detailed characterization of the biosimilar medicine
and the reference product3#

= Due to technological advances, biosimilar medicines are usually better characterized than their
reference products, which were characterized at the time of their initial approval 10 or 20 years
earlier>®

= Biosimilar medicines are manufactured, distributed, and monitored according to the same
standards as other medicines, and regulatory authorities perform periodic inspections of the
manufacturing sites?

Patients and healthcare providers can trust biosimilar medicines, as they are approved

according to the same high standards and by the same regulators as all other medicines

References: 1. Van Amum P. Biosimilars: Market weaknesses and strengths; 2. EMA. Biosimilar medicines. Accessed March 2020; 3. FDA. Scientific considerations in demonstrating biosimilarity to
a reference product. Accessed April 2020; 4. EMA. Guideline on similar biological medicinal products containing biotechnology-derived proteins as active substance: non-clinical and clinical issues.
Accessed March 2020; 5. Biosimilar Medicines Group handbook 2016. Accessed March 2020; 6. Brinks V, et al. In Pharm Res 2011;28:386-93; 7. European Medicines Agency and Heads of
Medicines Agency. EMA/168402/2014. Accessed March 2020.



https://www.ema.europa.eu/en/human-regulatory/overview/biosimilar-medicines-overview
https://www.fda.gov/media/125484/download
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf
https://www.medicinesforeurope.com/wp-content/uploads/2016/04/Medicines-for-Europe_BIOSIMILARS_INT_web.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-product-population-specific-considerations-ii_en-0.pdf

Summary: Biosimilar medicines —

a commitment to scientific excellence
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Biological medicines display an
inherent degree of minor
variability, which is tightly

controlled?

Throughout their lifecycle, biological Tailored clinical comparability,

medicines undergo manufacturing where appropriate, complements biosimilarity are the same as those
changes?

Scientific principles for establishing

and confirms the comparability
demonstrated at the previous steps

%.01?
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for demonstrating comparability*

Stepwise comparability exercises ensure
there are no clinically meaningful differences
between the biosimilar and the reference

product>®

Development of biosimilars requires significant WHO, EMA/EU, FDA/USA, HC/Canada,
investment and state-of-the-art technologies?* PMDA/Japan, TGA/Australia and others, all require
extensive evidence that a biosimilar is highly

similar to a reference product, and that there are
no meaningful differences’-8

References: 1. Schneider C. Ann Rheum Dis 2013;72:315-8; 2. McCamish M, Woollett G. Clin Pharmacol Ther 2013;93:315-7; 4. Biosimilar Medicines Group handbook 2016; 5. FDA. Available at
https://www.fda.gov/drugs/biosimilars/biosimilar-development-review-and-approval Accessed September 2020; 6. EMA. Guideline on similar biological medicinal products containing biotechnology-

derived proteins as active substance: non-clinical and clinical issues. Accessed March 2020; 7. Weise M, et al. Blood 2014;124:3191-6. 8.



https://www.fda.gov/drugs/biosimilars/biosimilar-development-review-and-approval
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-biotechnology-derived-proteins-active_en-2.pdf

