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Biomolecules

Several types of biomolecules -
classified according to:

- chemical nature (e.g. proteins,
nucleic acids..)

- mode of action (immunological,
pharmacological...)

- manufacturing process (non-
biotech vs biotech)

Insulin factory in 1946
www.gettyimages.com/detail/JC7075-001/Hulton-Archive

« One process - one product »
paradigm

# Fermentation of E. coli expressing recombinant insulin

biomm.com/index.php?p=3,2
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Biomolecules

FEDERAL AGENCY OF MEDICINAL AND HEALTH PRODUCTS

Non biotech

Immunological

Pharmacological

polysaccharides

Polysacch. vaccines

Heparin

(glyo)proteins toxoids Plasma derived MP
Extracted hormones/enzymes
Nucleic acids N/A N/A

*

Miscellaneous

Lung surfactant

»

polysaccharides

Biotech

Immunological

Pharmacological

Rec hormones/enzymes
Monoclonal antibodies

(glyo)proteins Recombinant antigens

Nucleic acids

Plasmids exp. antigens | *

Miscellaneous Pegylated rec proteins

* Synthetic oligonucleotides (e.g. siRNA) are not biological
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Concern of Regulatory Authorities (RA)

«To assure that the medicinal products to be put
on the market are safe and efficacious

«or, more pragmatically, that they display a
positive benefit/risk balance.

Benefit

Risk
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I Characterization

The characterization of the biomolecules is thus aimed at
serving these safety and efficacy objectives.

In particular, the characterization should demonstrate that
\ the product to be put on the market:

- either is representative of the material used in clinical trials
- or is comparable to a reference product
- displays consistent quality (potency, impurities, stabilty ...)

The characterization requirements of a given biomolecule
will depend on several factors.

dedicated exercice
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I Factors affecting characterization
Chemical nature - ZDHoS A ! oo i
/= Heparin ? Xo & L_fgsdy 0@_6 I o—
polysaccharide & monotonous | e
\ nucleic acids
proteins
glycoproteins highly complex
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Factors affecting characterization

r

Mode of action

Immunological
antigens: anyway, they will be processed

Protein

;bteasome (:O 0 %

(S
Pharmacological :
MADb: biological activity relies on

the primary structure of paratope

Immunogenicity and/or PK depends
on glycosylation
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Factors affecting characterization

Biomolecule specificities

Ex1. mannose-terminated oligosaccharide chaines of
imiglucerase (Cerezyme®) are specifically recognised by
endocytic carbohydrate receptors on macrophages, the cells
that accumulate lipid in Gaucher disease.

Mannose residues —"

Mannose receptor

oy

FAMHP/AF Macrophage 8
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Factors affecting characterization

Biomolecule specificities

Ex2. C. botulinum neurotoxin complex is... too complex for
extensive biochemical characterizati e
/5
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Factors affecting characterization

Manufacturing process

==

Proteins extracted from human/animal material =
Vs

Recombinant proteins

The purity of recombinant proteins allows to go further in
their characterization, as compared to proteins extracted
from human/animal material where an inherent level of
inprocess impurities prevents in-depth analyses.

FAMHP/AF 10
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Purified versus recombinant

The fact that the range and the depth of characterization
requirements depend on the test feasability (instead of being
strictly quality-driven) is questionable.

In other word, what is the rational for requesting more
biochemical tests for characterizing a recombinant factor Vlli
as compared to a plasma derived factor VIII?

FAMHP/AF
October 2010
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Purified versus recombinant

Requesting more stringent testing for biotech
products is both justified and unjustified.

Justified:

«Good old» purified products were clinically validated by
several years of presence on the market whereas for
recombinant proteins in new applications, clinical validation
at the market scale is still awaited for.

Unjustified:
« natural » trend of RA to ask more and more.
If the test is feasible, just do it!

FAMHP/AF
October 2010
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Clinical validation

Clinical validation

- Inexistent: generics (not applicable to biologics)
- Partial: biosimilars

- Extensive: full dossier

Where (part of) the safety and clinical data are not
required, it will be necessary to conduct
comparability studies. Accordingly, thorough
characterisation studies will be needed.

FAMHP/AF 13
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Questions to consider

What is the type of biomolecule/product?
antigen vs rec hormone, polysacharide vs glycoprotein...

What are the critical attributes of the biomolecule?
saccharide moieties working as a ligand...

How feasible is the testing, what are the technical
constraints limiting the characterization?

extracted protein versus recombinant protein, protein
complex...

How strong is the clinical validation of the product?
partial (biosimilar) versus extensive (full dossier)

FAMHP/AF 14
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Characterization range

Toxoids in vaccines diphtheria and tetanus vaccines
protein
non recombinant
huge market scale clinical experience
critical attribute: absence of toxin

4---

Fictitious imiglucerase biosimilar
glycoprotein
recombinant
No market scale clinical experience
limited premarketing clinical experience
posttranslational modifications identified as
critical attributes

OO0

FAMHP/AF
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Regulator’s position

Based on both:

indisputable rational

subjective practice (possibly questionable)
Ideally, shoud result in a pragmatic position
Recommendations to the applicants:

- Provide a justification.
- In case of doubt, ask for scientific advice.

- Wherever possible, rely on compendial and/or guidance document
- Make an assessment of the required level of characterization.

FAMHP/AF

u October 2010

16




EDQM International Conference

WHO ASPECTS OF
SIMILAR BIOTHERAPEUTIC PRODUCTS:
from the Guidelines to the Implementation

Dr Hye Na Kang, WHO/FCH/IVB/QSS

Prague, 14~15 October 2010

&@ World Health
\\t¥¥ Organization

s
Ao

11 Hye Na Kang | 14~15 October 2010

Outline

WHO Biological Standardization
Concept of WHO guidelines for evaluation of SBPs
Key principles for evaluation of SBPs

Implementation of WHO Guidelines into regulatory and
manufacturers’ practice

Challenges and WHO roles
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WHO norms and standards for biologicals

Global written standards
A tool for harmonization of specifications worldwide

s |
a7

WHO EXPERT COMMITTEE

4ra 0N BIOLOGICAL Global measurement standards
A tool for comparison of results worldwide
Forty-ninth Report

Essential elements for
development, licensing
and lot release
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WHO written standards

Global written standards Adopted guidelines by ECBS

WHO Tocicol Report Series
897

World Health
Organization

WHO EXPERT COMMITTEE
ON BIOLOGICAL
STANDARDIZATION

GUIDELINES ON EVALUATION OF SIMILAR
BIOTHERAPEUTIC PRODUCTS (SBFs)

www .who .int/ biologicals

4 Hye Na Kang | 14~15 October 2010
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Development of WHO guidelines on SBPs:
key events in 2007 and 2008

® Mandated by ICDRA in 2006 and the Expert Committee on Biological
Standardization (ECBS) in 2007

® WHO Consultation: 19-20 April 2007, Geneva (meeting report published:

http://www.who.int/biologicals/publications/meetings/areas/en/index.html )

® Drafting group meeting: March 2008, Bonn
® WHO Consultation: May 2008, Seoul

® TCDRA: Sep 2008, Bern

® ECBS: 13-17 Oct 2008, Geneva

® Seminar or‘gamzed by NICPBP in Belng, Dec 2008: Chinese

‘? Y World Health
Hye Na Kang | 14~15 October 2010 \‘ l\ VOrgamzatlon

Consultations in 2009

1. Consultations in Tokyo: Feb 2009
1. Experience gained in Japan
2. Meeting of the WHO drafting group

2. TABS/ Health Canada workshop: 13 - 14 July 2009
3. WHO Consultation: 15 - 16 July 2009

1. Focus on clinical evaluation of SBPs
2. Review of the development of SBPs in the countries
3. Comments received during the 15 round of public consultation

4. WHO drafting group meeting: 17 July 2009
1. Review of experience in countries where SBPs are under development
2. Further improvements of the proposed guidelines.

5. Expert Committee on Biological Standardization: Oct 2009
1. WHO Guidelines on SBPs adopted by the Committee (The final version is available on|
WHO Biologicals website:

http://www.who.int/biologicals/areas/biological_therapeutics/BIOTHERAPEUTICS
FOR_WEB_22APRILZ010.pdT)

(Y World Health
2
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Concept of WHO Guidelines

1) Provide key principles for evaluation of SBPs as a basis for setting
national requirements;

2) Leave space to NRAs to formulate additional/ more specific
requirements;

3) Living document that will be developed further in line with the
progress in scientific knowledge and experience;

4) Assist with the implementation of the guidelines into regulatory
and manufacturers practice through:
— Global, regional and national workshops involving regulators,
manufacturers and other relevant experts
— Trainings, advisory groups

5) Consider guidance issued b?{ other bodies - intention o complement
them, notf to create a conflict.

‘f@ World Health
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Important parts of the Guidelines
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Scope and key definitions

Scope: Guidelines applies to well-established and well-characterized
biotherapeutic products such as recombinant DNA-derived therapeutic proteins.

Vaccines and plasma derived products and their recombinant analogues are
excluded from the scope of this document. WHO recommendations and
regulatory guidance for these products are available elsewhere
(http://www.who.int/biologicals/areas/en/).

SPBP is a biotherapeutic product which is "similar” in ferms of quality, safety and
efficacy (Q, S, E) to an already licensed reference biotherapeutic product (RBP).

RBP is used as the comparator for head-to-head studies with SBP in order to
show similarity in terms of Cﬁ S and E. Only an originator product that was
licensed on the basis of a full licensing dossier can serve as an RBP. It does not
refer to measurement standards such as international, pharmacopoeial or
national standards or reference preparations.

‘f@ World Health
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Key principles for the licensing of SBPs

® SBPs are not generic medicines and many characteristics associated with the
authorization process and marketed use of generic medicines generally do not

apply.
® Effective regulatory oversight: critical for assuring Q, S, E of SBPs
® Stepwise approach

- Demonstration of similarity of SBP to RBP in terms of quality is a prerequisite
for the reduction of the non-clinical and clinical data set required for licensure.

- If major differences are found in the quality, non-clinical and clinical studies,
the product should not be considered as "similar" and, therefore, other options
for its further development should be considered (eg, stand alone).

mportant to note that biofherapeufim
shown to be similar to a RBP should not be described
as "similar", nor called a "SBP".

&@ World Health
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Reference Biotherapeuctic Product (RBP)

® RBPs should have been marketed for a suitable duration and
have a volume of marketed use.

® RBPs should be licensed based on a full Q, S and E data set.
® The same RBP used throughout the development of the SBP.
® An SBP should not be considered as a choice for RBP.
°

The active substance of the RBP and the SBP must be shown to
be similar.

® The dosage form and route of administration of the SBP should
be the same as that of the RBP.

® NRAs may need fo consider establishing additional criteria to
guide the acceptability of using a RBP licensed or resourced in
other countries.

‘f@ World Health
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Quality

® Development of an SBP

- Thor‘ough characterization of a number of representative lots of
the RB

- Engineer‘ir\;g1 a manufacturing process that will reproduce a product
that és highly similar to the'RBP in all critical product quality
attributes

® The (1(\.IC(“T comparison showing molecular similarity between the SBP
and the RBP provides the underlying rationale for predicting that the
gliBngcal safety and efficacy profile of the RBP should also apply to the

— So that the extent of the non-clinical and clinical data required
with the SBP can be reduced

® To evaluate comparability

— The manufacturer should carry out a comprehensive
physicochemical and biological characterization of the SBP in head-
to-head comparison with the RBP

‘f@ World Health
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Non-clinical evaluation

|* General principles

— Address pharmaco-toxicological assessment of SBP

— Should be conducted with the final formulation intended for clinical use
—  Minimum: head-to-head comparative toxicology studies

— Additional NC data depend of the specificities of a product

|® In vitro studies
— Methodology: Receptor-binding studies, cell-based assays, etc
— Purpose: Establish comparability of biol/pharmacodynamic activity of SBP and RBP

|® In vivo studies
— General principles
Comparative in nature
Performed in relevant species
Employ state of the art technology
— Endpoints
Biological/pharmacodynamic activity relevant to the clinical application

Non-clinical toxicity as determined in at least one repeat dose foxicity study
with a relevant species and including toxicokinetic measurements

@ World Health
®) Organization

e

13| Hye NaKang | 14~15 October 2010

Clinical evaluation

Designed to demonstrate comparable safety and efficacy of the SBP to the RBP

Clinical comparability exercise: stepwise procedure; PK and PD studies followed by the
pivotal clinical trials

Efficacy studies
— No dose-finding studies

— Demonstrate in adequately powered, randomized, and parallel group clinical trial (ICH
E9 and E10)

— Equivalence or non—infer‘ior‘i’r\és‘rudies may be acceptable for the comparison of
efficacy and safety of the SBP with the RBP; equivalence/non-inferiority margins have
to be pre-specified and justified

|* Safety

— Usually, safety data obtained from the efficacy trials will suffice

— Comparison with the RBP should include type, frequency and severity of AEs

|* Extrapolation
— Prerequisites
+ Similarity shown in a sensitive model
* Mechanism of action/receptor the same
- Safety and immunogenicity sufficiently characterized in the evaluated population

"’@ World Health
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Implementation

First implementation workshop in Seoul: 24~26 August 2010

Focused on the implementation of the Guidelines into
manufacturer practice at the global level

Objectives

the regulatory and

— Discuss the application of the principles for assessing Q, S, E
— Review experience in setting national requirements

— Understand the principles of clinical designs and
data generated in CS

Outcomes

interpretation of clinical

— Taken some pictures regarding current situations in 12 countries, i.e. Brazil,
Canada, China, Cuba, India, Iran, Japan, Jordan, Korea, Malaysia, Singapore,

and Thailand
— Befter understanding of the scientific basis for

151 Hye Na Kang | 14~15 October 2010

the clinical evaluation

@v World Health
& VOrganlzatlon

Challenges (1)

Diversity of the national requirements for Q, N, C

— Brazil, Japan, Korea, Malaysia: full Q, reduced N and C with RBPs

—  China: partial comparative data in Q for information, but the differences
in Q are not relevant on the decision for approval; comparison with

published data in C
— Jordan: non-comparative data in Q

— India: partial comparative data in Q, comparison with literature data in C
— TIran: partial comparative data in Q and N, comparative data in C
— Cuba: comparative data in Q, N, C, non-comparative data in C for Mab

Most of the biotherapeutics that are currently subject of licensing belong
to the category of known biological entity that undergoes through the
stand alone pathway with reduced data package rather than through

biosimilar pathway.

16| Hye NaKang | 14~15 October 2010
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Challenges (2)

®  Using the tferminology
—  Biosimilar (product)s: China, Iran, Jordan, Malaysia, Republic of Korea, Singapore
—  Similar biological medicinal products: Singapore
—  Biogeneric products: India, Thailand (will be changed to SBPs/ biosimilars)
—  Follow-on biotherapeutic products: China
—  Follow-on biologics: Japan
—  Known biological products: Cuba
—  Biological products: Brazil
—  Subsequent entry biologics: Canada

® It was noted

— that biotherapeutics which are not shown to be similar to a RBP should not be
described as "similar", nor called a "SBP",

— and that generic approach is not suitable for development, evaluation and
licensing of SBPs;

— however, the terminology which has been used in developing countries can be

shown the biosimilar pathway is not there yet.
@v World Health
¥y ¥ Organization
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WHO roles

® Proposed during the Workshop
— Prequalification of SBPs at the global level
— Standardization of biotherapeutics
— Another implementation workshop in quality evaluation
— Similar workshop in other regions/ countries (Arab, India)

® Planned for the next steps

— Publication of the outcomes from the Workshop in 'Special issue' of
Biologicals

- Collabor‘cn‘m? Centres with the expertise in the evaluation of
biotherapeutic

— Revision of the recommendations for biotherapeutics

— Up-to-date information on the global development of SBPs/ Database
1P RBPs and SBPs

— Global map of the regulatory oversight of SBPs

@v World Health
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Regulations/ Guidelines for SBPs
in selected countries (Aug 2010)

[ NoData

B rc

[ RiGd (1country)

[ RING (2 countries)

l:l Rd/Gd (1 country)

I Rd/NG (4 countries)
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Approved SBPs - Global Picture (Aug 2010)

[ [ ot

INN

Product

Somatropin Omnitrope, Valtropin

INN Product

Filgrastim | Tevafilgras

Epoetin alfa Binocrit, Epoetin alfa Hexal, Abseamed

Epoetin zeta Silapo, Retacrit

Filgrastim Ratiograstim, Filgrastim Ratiopharm,

Biograstim, Tevagrastim, Zarzio,
Filgrastim Hexal, Nivestim

Somatropin

S

(=Omnitrope)

citropin A

[ Nopata
I Yes (26 countries)
- No (8 countries)
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INN Product

Somatropin Somatropin BS "Sandoz"
(=Omnitrope)

Epoetin alfa | Epoetin alfa BS "JCR"
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Further information and contact

Biological standardisation website:
www.who.int/biologicals

Immunization website: www.who.int/immunization

Contact details:
Dr Hye Na KANG
Email: kangh@who.int
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