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Opportunities and Challenges for Biotechnology Protein Therapeutics

Kenneth B. SEAMON
Vice President, Regulatory Affairs, Amgen Ltd., CBER-FDA

Biotechnology derived protein pharmaceuticals have brought significant benefit to patients suffering from
severe and life threatening diseases. These unique pharmaceutical products can treat diseases through
mechanisms of action that are different from small molecule chemical drugs. However, biotechnology drugs
are significantly more complex than small molecule drugs leading to a number of unique regulatory and
manufacturing issues regarding their development and manufacture. During the past fifteen years there has
been significant progress in manufacturing science and regulatory systems to facilitate the availability of new
biotechnology drugs for patients. In addition, there has also been intense interest in further facilitating the
entry of versions of biotechnology drugs that are no longer under patent or regulatory data protection. The
issues involved in facilitating entry of these different versions of biotechnology drugs are complex and must be

evaluated with regard to patient safety.
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NRM
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Drug Delivery System; DDS
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PEG
TNF-o TNF-o WTNF-ax
TNF-o
TNF-a PEGylation
TNF-ax
20
Combinatorial Biosynthesis
- TNF-ax Lysl1l Lys65 Lys90
TNF-o 6
WTNF-o 10
TNF-o mTNF-o-K90R MTNF-ox-K90R WTNF-o
MTNF-a-K90R Lowering pl WTNF-o
in vivo WTNF-ox 10
WTNF-o WTNF-o
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Scientific Considerations Related to
Developing Follow-on Protein Products
Public Workshop
September 14-15, 2004

AGENDA

Day 1 - September 14, 2004

8:30

8:40

8:50

9:00

9:45

10:45

11:00

Introduction Ajaz Hussain, Ph.D., Deputy Director,
Office of Pharmaceutical Science, CDER

Opening Remarks Janet Woodcock, M.D., Acting Deputy Commissioner
for Operations, FDA

Opening Remarks Jesse Goodman, M.D., Director, CBER

Terminology Keith Webber, Ph.D., Acting Director, Office of
Biotechnology Products, OPS/CDER

Speakers: (20 minutes)

Gordon Johnston, Vice President Regulatory Affairs, Generic Pharmaceutical Assoc.

Joseph Carrado, M.Sc.., R.Ph., Sr. Director Regulatory Affairs, Duramed Research Inc.

General Panel

Panel Members:

Keith Webber, Ph.D., CDER
Barry Cherney, Ph.D., CDER
Janice Brown, M.S, CDER
Amy Rosenberg, M.D. CDER
Steven Kozlowski, M.D. CDER
Chris Joneckis, Ph.D. CBER

Speakers: (65 minutes)

Yafit Stark, Ph.D., Senior Director Global Clinical Research, TEVA Pharmaceutical Industries,

Caroline Loew, Ph.D., Vice President Scientific and Regulatory Affairs, Pharmaceutical Research and Manufacturers
of America (20 minutes)

Doron Shinar, Ph.D., Director, Non Clinical Safety, TEVA Pharmaceutical Industries, Ltd.

Carole Ben-Maimon, M.D., President and COO, Duramed Research Inc. (15 minutes)

Sara Radcliffe, MPH, Managing Director, Scientific and Regulatory Affairs, Biotechnology Industry Organization

Break

Panel #1 - Manufacturing Issues
Panel Lead: Keith Webber, Ph.D.
Panel Members:

Frank Holcombe, Ph.D., CDER
Barry Cherney, Ph.D., CDER
Blair Fraser, Ph.D., CDER

Chris Joneckis, Ph.D., CBER

Speakers: (60 minutes)



12:30

1:30

3:30

3:45

4:55

5:00

Art LeBlanc, MS, President, SICOR Pharmaceuticals, Inc

Robert L. Garnick, Ph.D., Senior Vice President, Regulatory Affairs, Quality, and Compliance, Genentech, Inc.

John Dingerdissen., Vice President, Worldwide Manufacturing, Global Biologics Supply Chain, Centocor, Inc.

Suzanne Sensabaugh, MS, MBA., VP, Regulatory Affairs and Quality, SICOR, Inc., Biotechnology Division

Mathias Hukkelhoven, Ph.D., Senior Vice President, Global Head of Drug Regulatory Affairs, Novartis
Pharmaceuticals Corp.

Robert Adamson, Ph.D., Vice President, BioPharmaceutical Process Development, Wyeth BioPharma

Lunch (on your own)

Panel # 2 - Characterization Issues

Panel Lead: Barry Cherney, Ph.D., CDER
Panel Members:

Lawrence Yu, Ph.D., CDER

Steven Moore, Ph.D., CDER

Andrew Chang, Ph.D., CBER

William Egan, Ph.D., CBER

Speakers: (90 minutes)

Robert Zeid , Principal Consultant, TLI Development

Arnon Chait, Ph.D., President, ANALIZA, Inc.

Christopher J. Holloway, Ph.D., Dr.rer.num.biol.habil., Group Director of Regulatory Affairs and CSO, ERA
Consulting Group

Andy Jones, Ph.D., Staff Scientist, Formulation and Analytical Development, Genentech, Inc.

Vytautas Naktinis, Ph.D., Principal Consultant, PROBIOS p.e (20 minutes)

Walter W. Hauck, Ph.D., Statistical Consultant, USP, Professor, Thomas Jefferson University

Jacob R. Hartman, Ph.D., Director, Development, BioTechnology General (Israel)Ltd.

Charles Diliberti, Vice President, Scientific Affairs, Barr Laboratories Inc.

Break

Panel # 3 - Potency and Surrogates for Efficacy and Safety
Panel Lead: Janice Brown, M.S, CDER

Panel Members:

David Orloff, M.D., CDER

David Green, Ph.D., CDER

Patrick Swann, Ph.D., CDER

Drusilla Burns, Ph.D., CBER

Speakers: (40 minutes)

Linda Fryklund, Ph.D., Director, Medical and Scientific Affairs, Pfizer AB Sweden (30 minutes)

Patricia C. Weber, Ph.D., Chief Scientific Officer, ExXSAR Corp.

Closing Remarks Ajaz Hussain, Ph.D., Deputy Director,
Office of Pharmaceutical Science, CDER

End of first day



Scientific Considerations Related to
Developing Follow-on Protein Products
Public Workshop
September 14-15, 2004

AGENDA

Day 2 - September 15, 2004

8:00

8:15

9:15

9:30

11:30

12:00

Introduction to Day 2 Ajaz Hussain, Ph.D., Deputy Director,
Office of Pharmaceutical Science, CDER

Panel # 4 - Immunogenicity Issues

Panel Lead: Amy Rosenberg, M.D., CDER
Panel Members:

Dena Hixon, M.D., CDER

Elizabeth Shores, Ph.D., CDER

Basil Golding, M.D., CBER

Marjorie Shapiro, Ph.D., CDER
Alexandra Worobec, M.D., CDER

Speakers: (40 minutes)
Johanna Griffin, Ph.D., President, Procognia Inc.

Fredric G. Bader, Ph.D., Vice President, Process Sciences, Global Biologics Supply Chain, Centocor, Inc.
Terry Gerrard, Ph.D., President, TLG Consulting Inc.
Kenneth B. Seamon, Ph.D., Vice President, Global Regulatory Affairs, Amgen Inc.

Break

Panel # 5 - Preclinical and Clinical Issues
Panel Lead: Steven Kozlowski, M.D., CDER
Panel Members:

Marc Walton, M.D., CDER

Jeri El Hage, Ph.D., CDER

Dorothy Scott, M.D., CBER

David Green, Ph.D. CDER

Mercedes Serabian, M.S., DABT, CBER

Speakers: (50 minutes)

James D. Green, Ph.D., DABT, Senior Vice President, Preclinical and Clinical Development Sciences, Biogen Idec,
Hal Barron, M.D. F.A.C.C., Senior Vice President, Development, Genentech, Inc.

Don Baker, Ph.D., Vice President, Post Market Quality Management, Baxter BioSciencer

Murray P. Ducharme, PharmD, FCCP, FCP, Vice President, PK/PD, MDS Pharma Services

John Greenwood, Director of Regulatory Affairs, GeneMedix plc

Ajaz Hussain, Ph.D., Deputy Director,
Office of Pharmaceutical Science, CDER
End of Day 2
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WORKSHOP SUMMARY

This workshop will examine the scientific basis (including chemistry, manu-
facturing, and controls (CMC), pharmacology-toxicology, clinical pharma-
cology, and clinical aspects) for the assessment of the quality, safety, and
efficacy of follow-on protein products.

The focus will be on recombinant and natural protein products that are
directly administered to humans. Synthetic peptides, in vitro diagnostics,
and devices will not be covered.

Plenary sessions will present scientific and technical issues and provide the
framework for discussions in the breakout sessions. Breakout sessions will
be focused on identifying risks and recommending the appropriate scientific
information needed for evaluating follow-on protein products.

FDA's findings from this workshop will contribute to the scientific founda-
tion for the development of regulatory guidance.

GOALS & OBJECTIVES
At the conclusion of this meeting, participants should be able to:
b Evaluate relevant terminology, e.g., interchangeability/noninterchange-

ability, sameness, similarity, and comparability, as it applies to protein
products

P Describe the types of data needed to ensure the safety and efficacy of
follow-on protein products, including:

— chemistry, manufacturing, and controls information
— preclinical and clinical studies, and conditions under which such
studies are needed

TARGET AUDIENCE
This program is designed for:
b professionals working in

pharmacology/toxicology,
clinical pharmacology, and safety

P individuals conducting clinical research

P pharmaceutical manufacturers
P regulatory authorities
b FDA regulators

Interested members of the public not specified above are also encouraged
to attend.

Monitor the website for the most current details.

DIA, 800 Enterprise Road, Suite 200, Horsham, PA 19044-3595, USA tel: +1 215442 6100 fax: +1 215442 6199 email: dia@diahome.org
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Accreditation and Credit Designation

The Drug Information Association is accredited by the Accreditation Council for Continuing Medical Education to provide continuing medical education for
physicians. The Drug Information Association designates this educational activity for a maximum of 16.75 category 1 credits toward the AMA Physician's
Recognition Award. Each physician should claim only those credits that he/she actually spent in the activity.

The Drug Information Association and the Food and Drug Administration, Center for Drug Evaluation and Research, are accredited by the
Accreditation Council for Pharmacy Education as providers of continuing pharmacy education. This program is designated for 16.75 contact hours
or 1.675 continuing education units (CEUs). 286-601-05-019-L04

.. 1he Drug Information Association (DIA) has been reviewed and approved as an Authorized Provider by the International Association for Continuing
Y Education and Training (IACET), 1620 | Street, NW, Suite 615, Washington, DC 20006. The DIA has awarded up to 1.7 continuing education units
(CEUs) to participants who successfully complete this program.

If you would like to receive a statement of credit, you must attend the program and return the credit request and evaluation forms to the DIA. Statements of
credit will be issued within 30 days of receipt of these forms.

Disclosure Policy: It is Drug Information Association policy that all faculty participating in continuing education activities must disclose to the program audi-
ence (1) any real or apparent conflict(s) of interest related to the content of their presentation and (2) discussions of unlabeled or unapproved uses of drugs or
medical devices. Faculty disclosure will be included in the course materials.

Learning Objectives: At the conclusion of this meeting, participants should be able to:
» Evaluate relevant terminology, e.g., interchangeability/noninterchangeability, sameness, similarity, and comparability, as it applies to protein
products

» Describe the types of data needed to ensure the safety and efficacy of follow-on protein products, including: chemistry, manufacturing, and
controls information; preclinical and clinical studies, and conditions under which such studies are needed

8:30-9:00 Am BACKGROUND FOR WORKSHOP:
TERMINOLOGY AND CONCEPTS

Steve Kozlowski, MD

This is a preliminary program. Speakers and agenda are
subject to change without notice.

Updates will be available on DIA’s website. Please monitor Acting Director, Division of Monoclonal Antibodies,
www.diahome.org for the most current information. Office of Biotechnology Products, CDER/FDA
SUNDAY ¢ FEBRUARY 13 9:00-10:30 Am SESSION 1

APPROACHES TO PRODUCT QUALITY ISSUES: PHYSICAL,

CHEMICAL AND BloLoGicAL CHARACTERIZATION
CHAIRPERSON

Blair Fraser, PhD
MONDAY ¢ FEBRUARY 14 Deputy Division Director, Office of New Drug Chemistry, CDER/FDA

6:00-8:00 pm REGISTRATION

SPEAKERS
William Hancock, PhD
Bradstreet Chair, BARNETT INSTITUTE OF CHEMICAL AND
BIOLOGICAL ANALYSIS
8:00-8:10 Am WELCOME AND OPENING REMARKS Ram Sasisekharan, PhD
Keith Webber, PhD Professor of Biological Engineering, MASSACHUSETTS INSTITUTE
OF TECHNOLOGY

7:00-8:00 Am REGISTRATION AND
CONTINENTAL BREAKFAST

Acting Director, Office of Biotechnology Products
CDER/FDA Joerg Windisch, PhD
Global Head, Technical Development, NOVARTIS

8:10-8:30 Am KEYNOTE ADDRESS
Charles Cooney, PhD 10:30-11:00 Am
Professor of Chemical and Biochemical Engineering
Co-Director, Sloan Program on the Pharmaceutical

Industry 11:00 am-12:30pm SESSION 2

Massachusetts Institute of Technology

Acting Chair, CDER Advisory Committee for APPROACHES TO PHARMACOKINETICS/
Pharmaceutical Science PHARMAcCODYNAMICS (PK/PD) STUDIES

CHAIRPERSON

Dena Hixon, MD
Associate Director for Medical Affairs, Office of Generic Drugs, CDER/FDA

Statements made by speakers are their own opinion and not necessarily that of the

organization they represent, or that of the Drug Information Association. Speakers

and agenda are subject to change without notice. Audio/visual taping of any DIA
workshop is prohibited without prior written consent from DIA.



SPEAKERS

Hae-Young Ahn, PhD
Pharmacologist, CDER/FDA

Raja B. Velagapudi, PhD
Director, Scientific Affairs, BARR LABORATORIES, INC.

Mark Rogge, PhD
Vice President of Development, ZYMOGENETICS

12:30-1:30 Pm

1:30-3:00 Pm SESSION 3

BREAKOUT SESSIONS
The four concurrent breakout sessions listed below will be
offered from 1:30-3:00 pm and again from 3:15-4:45 pm. This

will enable participants to choose their preferred session topic
in each time block.

B BREAKOUT SESSION A

MODERATORS

Janice Brown, MS
Chemistry Reviewer, Office of New Drug Chemistry, CDER/FDA

Steve Kozlowski, MD
Acting Director, Division of Monoclonal Antibodies, Office of
Biotechnology Products, CDER/FDA

Christopher Joneckis, PhD
Senior Advisor to the Director, CBER/FDA

Robin Thorpe, PhD
Head, Division of Immunology and Endocrinology, NIBSC

Inger Mollerup, PhD
Vice President, NOvO NORDISK A/S, DENMARK

B BREAKOUT SESSION C

PHYsICAL CHEMICAL CHARACTERIZATION AND IMPURITIES

P Which product attributes should be evaluated?

P What are the capabilities and limitations of the available ana-
lytical tools to evaluate those identified product attributes?

P What are the appropriate standard(s) for the comparison of
those identified product attributes.

MODERATORS

Barry Cherney, PhD

Deputy Director, Division of Therapeutic Proteins, Office of
Biotechnology Products, CDER/FDA

Stephen Moore, PhD

Chemistry Team Leader, Office of New Drug Chemistry,
CDER/FDA

Andrew Chang, PhD

Acting Deputy Director, Division of Hematology, CBER/FDA
Charles Diliberti, PhD

Vice President, Scientific Affairs, BARR LABORATORIES, INC.
Reed Harris, PhD

Director, Late Stages Analytical Development, GENENTECH, INC.

B BREAKOUT SESSION B

PHARMACOLOGY-TOXICOLOGY STUDIES
P In which situation would animal studies be needed and why?

MODERATORS
Jeri EI-Hage, PhD
Supervisory Pharmacologist, Division of Metabolic and Endocrine
Drugs, CDER/FDA
Mercedes Serabian, MS
Toxicologist, CBER/FDA
Joy Cavagnaro, PhD
President, AcCEss BIO

James D. Green, PhD, DABT
Senior Vice President of Preclinical and Clinical Development
Sciences, BIOGEN IDEC, INC.

Andrea Weir, PhD
Pharmacologist, CDER/FDA

B BREAKOUT SESSION D

BioLoGIcAL CHARACTERIZATION AND IMPURITIES

P How can the clinical relevance of functional biological charac-
terization studies (e.g., animal, cellular, binding assay) be
established?

® Under what circumstances can biological characterization
studies be predictive of efficacy in humans and can this be
used to justify limited clinical efficacy studies?

P What are the appropriate standard(s) for the comparison of
biological activities?

P Based on biological characteristics, how can product-related
impurities be distinguished from product-related substances
and from the desired product? If a products-related sub-
stance can be identified/distinguished, can the acceptance cri-
teria be wider for the follow-on product than that observed
for the reference product.

CLINICcAL PHARMACOLOGY STUDIES

P What information does a PK study provide?
P What additional information of value would a PD study provide?

P What factors affect study design and establishment of accept-
able limits for PK/PD comparison?

MODERATORS

Dena Hixon, MD

Associate Director for Medical Affairs, Office of Generic Drugs,
CDER/FDA

Hae-Young Ahn, PhD

Pharmacologist, CDER/FDA

Hong Zhao, PhD

Pharmacology Reviewer, CDER/FDA

Dave Parkinson, MD

Vice President, Global Development Head, AMGEN INC.
William Schwieterman, MID

Founder, TEKGENICS, INC.

3:00-3:30 Pm



3:30-5:00 pm SESSION 4
BREAKOUT SESSIONS

The four concurrent breakout sessions listed previously will be
repeated in this time block.

5:00-6:00 Pm

TUESDAY e FEBRUARY 15

7:00-8:00 Am REGISTRATION AND
CONTINENTAL BREAKFAST

8:00-9:30 Am OPENING REMARKS: REPORTS OF DAY 1
BREAKOUT SESSIONS A, B AND C

Christopher Joneckis, PhD
Senior Advisor to the Director, CBER/FDA

9:30-10:45 Am SESSION 5

APPROACHES TO IMMUNOGENICITY STUDIES
CHAIRPERSON

Amy Rosenberg, MD
Director, Division of Therapeutic Proteins, Office of Biotechnology
Products, CDER/FDA

SPEAKERS

Robin Thorpe, PhD
Head, Division of Immunology and Endocrinology, NIBSC

Huub Schellekens
UTRECHT UNIVERSITY, NETHERLANDS

10:45-11:15 Am

11:15-12:30 pm SESSION 6

APPROACHES TO CLINICAL SAFETY AND EFFICACY STUDIES
CHAIRPERSON

David Orloff, MD
Director, Division of Metabolic and Endocrine Drug Products, CDER/FDA

SPEAKERS
Jay P. Siegel, MD
President, Research & Development, CENTOCOR, INC.

Carole Ben-Maimon, MD
President and COO, DURAMED RESEARCH INC.

12:30-1:30 Pm

1:30-3:00 pv SESSION 7
BREAKOUT SESSIONS

The two concurrent breakout sessions listed below will be
offered from 1:30-3:00 pm and again from 3:30-5:00 pm. This
will enable participants to choose their preferred session topic
in each time block.

B BREAKOUT SESSION E

IMMUNOGENICITY STUDIES

P Can we define specific circumstances in which animal studies
would be useful for predicting immunogenicity (including
hypersensitivity) of protein therapeutics in humans? Are
immunogenicity studies in animals useful in determining
whether there are meaningful differences between two similar
products?

P Follow on products must be similar to innovator products in
terms of product safety, including immunogenicity. What clin-
ical immunogenicity studies should be performed pre-approval
and what studies should be done post-approval to ensure the
similarity of the follow on to innovator in terms of immuno-
genicity?

® What trial designs are appropriate for assessing immuno-

genicity of the follow on and how does risk, as defined

below, factor into such designs?
— For high risk products (i.e., life saving products, or prod-
ucts with endogenous counterparts that mediate unique
biological functions?
— For lower risk products (i.e., ameliorative products or
products with endogenous counterparts that are biological-
ly redundant)?
— For products with a high probability of inducing hyper-
sensitivity responses (i.e., foreign proteins)?

MODERATORS
Amy Rosenberg, MD

Director, Division of Therapeutic Proteins, Office of Biotechnology
Products, CDER/FDA

Alexandra Worobec, MD
Medical Officer, CDER/FDA
Jay Lozier, MD, PhD

Senior Staff Fellow, CBER/FDA

Kathryn Stein, PhD
Vice President, Product Development and Regulatory Affairs,
MACROGENICS

Theresa L. Gerrard, PhD
President, TLG CONSULTING, INC.

B BREAKOUT SESSION F

CLINICAL SAFETY AND EFFICACY STUDIES

P In which situation would safety and/or clinical studies be
needed and why?

P What factors should be considered in designing
appropriate/relevant clinical studies?

P What concerns can be addressed via postmarketing surveil-
lance as part of risk management?

MODERATORS

David Orloff, MD

Director, Division of Metabolic and Endocrine Drug Products,
CDER/FDA

Marc Walton, MD

Director, Division of Therapeutic Internal Medicine Products,

CBER/FDA



B BREAKOUT SESSION F continued

Dorothy Scott, MD
Branch Chief, Laboratory of Plasma Derivatives, Division of
Hematology, CBER/FDA

Dawn Viveash
Vice President, Regulatory Affairs, AMGEN INC.

Yafit Stark, PhD
Senior Director, Global Clinical Research, TEVA
PHARMACEUTICAL INDUSTRIES LTD.

3:00-3:30 pm

3:30-5:00 pm SESSION 8
BREAKOUT SESSIONS

The two concurrent breakout sessions listed previously will be
repeated in this time block.

WEDNESDAY ¢ FEBRUARY 16

7:30-8:30 Am

8:30-10:00 Am OPENING REMARKS: REPORTS OF DAY 2
BREAKOUT SESSIONS D, E AND F

Chi-Wan Chen, PhD
Deputy Director, Office of New Drug Chemistry,
CDER/FDA

10:00-10:30 Am
10:30-10:45 am  BIO/PHRMA PERSPECTIVE
10:45-11:00 am  GPHA PERSPECTIVE

11:00-11:30 am  SUMMATION AND NEXT STEPS

Keith Webber, PhD
Acting Director, Office of Biotechnology Products,
CDER/FDA

11:30am-12:00pm  CLOSING REMARKS

Ajaz Hussain, PhD
Deputy Director Office of Pharmaceutical Science,
CDER/FDA

12:00 pm WORKSHOP ADJOURNED
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The goal of this meeting is to address the scientific issues associated with

the characterization and demonstration of similarity of protein pharmaceutical
products. This event will provide an overview of currently available methodologies
and technologies, as well as perspectives on future technology. The focus will

be on the use of analytical techniques to characterize follow-on biologics, and

on the role of the fermentation and purification processes in determining product
quality attributes. The meeting will also address challenges to characterizing

and comparing proteins in the absence of reference standards for the active
pharmaceutical ingredient.



Follow-on Biologics Workshop
Scientific Issues in Assessing the
Similarity of Follow-on Protein Products

PRELIMINARY PROGRAM

Monbay, DeEcemBER 12, 2005 7:00 am - 7:00 p™m

7:00 - 8:30 am Registration and Continental Breakfast

8:30-9:00 am Introduction and Goals of the Workshop

Welcoming Remarks
New York Academy of Sciences Representative
US Food and Drug Administration Representative

Office of Pharmaceutical Science Perspectives
Keith Webber, FDA

Meeting Goals and Agenda
Emily Shacter, FDA

9:00 am - 5:30 pm  Session |

Analytical Techniques to Examine Molecular
Heterogeneity of Active Ingredient: Comparisons,
Strengths and Weaknesses

Primary Structure
Overview of Primary Structure and Related Issues
David Bunk, NIST

Analysis of Post-Translationally Modified Peptides and Proteins by
Mass Spectrometry: New Technology and Applications
Donald F. Hunt, University of Virginia

Chromatography Techniques
Speaker to be announced

Intermission

Fourier Transform MS
Jonathan Amster, University of Georgia

Molecular Heterogeneity of Proteins Due to Glycosylation
Vernon Reinhold, University of New Hampshire

Panel Discussion

12:30-2:00 pm Luncheon

Secondary and Tertiary Structure
Overview and Issues
Russ Middaugh, University of Kansas

NMR
Daron Freedberg, FDA/CBER

Spectroscopic Techniques -FTIR, Fluorescence, Other —
For Secondary Structure Analysis
Keith Oberg, MannKind Inc

Spectroscopic Techniques for Tertiary Structure Analysis
Curtis Meuse, NIST

Intermission

Thermodynamic Characterization of Protein Pharmaceutical
Products by Calorimetry
Frederick R Schwarz, CARB/NIST

Surface Hydrophobicity/HIC
Steve Cramer, Rensselaer Polytechnic Institute

Panel Discussion

5:30- 7:00 pm Wine and Cheese Reception



Tuespay, DEcemBER 13, 2005 7:30 aM - 5:45 pm

7:30-8:30 av  Registration and Continental Breakfast

8:30-12:00 Noon Session | Continued

Protein-Protein Interactions - Quaternary Structure
Overview and Related Issues
Speaker to be announced

Critical Factors Governing Protein Aggregation and
Particle Formation
John F. Carpenter, University of Colorado Health Sciences Center

Field Flow Fractionation
Karin D. Caldwell, Uppsala University

Light Scattering as a Tool for Assessing Protein Aggregates
Ewa Folta-Stogniew;, Yale University

Imaging Proteins Using Atomic Force Microscopy
Roger E. Marchant, Case Western Reserve University

Intermission

Uses of Analytical Ultracentrifugation
Thomas M. Laue, University of New Hampshire

MS of Higher Order Protein Structures
lgor Kaltashov, University of Massachusetts

Panel Discussion

12:00 - 1:30 pm Luncheon

WEDNESDAY, DECEMBER 14, 2005 7:30 AM - 4:45 pm

1:30 pPm-3:00 P Session I
Effect of the Manufacturing Process on the Product

Product Definition by Process Design
Charles L. Cooney, Massachusetts Institute of Technology

Chromatography
Erik Fernandez, University of Virginia

Effects of the Bioreactor Environment on Product Quality
Sarah W. Harcum, Clemson University

Renaturation and Folding

Francois Baneyx, University of Washington
Intermission

3:30- 5:45pm Session lll
Impurities and Contaminants

Overview — What Types of Impurities are of Concern and Why
Impurities Matter?
Speaker, FDA

Immunological Techniques
Nadine M. Ritter, The Biologics Consulting Group, LLC

Proteomics Approaches
Timothy D. Vleenstra, SAIC-Frederick, Inc.

Organics/Small Molecules:GC-MS
Speaker to be announced

Panel Discussion

7:30-8:30 am  Registration and Continental Breakfast

8:30-11:30 am Session IV
Bioassays and Potency

Overview
Speaker, FDA

Case Studies
Example 1: Enzyme Assays- Single Function vs. Pleiotropy
Laureen Little, Bioquality

Example 2: Binding Assays Versus Functional Bioassays

C Jane Robinson, National Institute for Biological Standards
and Control

Intermission

Example 3: Challenges to Assaying Protein Concentration
David Bunk, NIST

Panel Discussion

11:30 am - 1:00 pm Luncheon

1:00-2:00 pm  Session V
Assessing Similarity of Active Ingredients

Overview of Issues
Speaker, FDA

Challenges in Developing Reference Materials for Biotech Products
Adrrian Francis Bristow, National Institute for Biological Standards
and Control

Case Studies on Structure-Activity-Stability Relationships with
Therapeutic Proteins
Chris Jones, National Institute for Biological Standards and Control

Intermission

2:30-4:00 pm  Roundtable Discussion
How to Compare Products/Proteins in the Absence
of Reference Standards

4:00-4:45 pv Session VI
Workshop Wrap-Up
Wrap-Up

Janet Woodcock, FDA-OC
(Invited)

FDA Perspectives, Closing Remarks
Speaker, FDA
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1. INTRODUCTION
1.1 Regulatory framework

A company may choose to develop a new biological medicinal product claimed to be “similar” to
an original reference medicinal product which has been granted a marketing authorisation in the
Community. For this scenario, within the legal basis of Article 10(1)(a)(iii) of Directive
2001/83/EC, as amended, Part II of the Annex I of Directive 2001/83/EC, as amended', lays
down the requirements for the Marketing Authorisation Applications (MAA) based on the
demonstration of the similar nature of the two biological medicinal products. Comparability
studies are needed to generate evidence substantiating the similar nature, in terms of quality,
safety and efficacy, of the new similar biological medicinal product and the reference medicinal
product.

1.2 Scope

The CHMP issues specific guidelines concerning the scientific data to be provided to
substantiate the claim of similarity used as the basis for an MAA for any biological medicinal
product, e.g.: medicinal products containing biotechnology-derived proteins as active
substance, immunologicals such as vaccines, blood-derived products, monoclonal antibodies,
etc.

The CHMP guidelines addressing the planning and conduct of comparability studies should
always be read in conjunction with relevant legislative and administrative provisions in force
in the EU.

1.3 Need to issue guidance on this emerging issue

The applicants of similar biological medicinal products, who have applied for scientific
advice from the CHMP, expressed the need for specific guidance.

The advances as well as the limitations of methods and techniques available today for the full
characterization of such medicinal products have already prompted the CHMP to initiate a
number of specific guidelines relevant to quality, non-clinical and clinical issues, to be
addressed within the development programs of similar biological medicinal products.

1.4 Purpose

Section 4, Part II, Annex I of Directive 2001/83/EC, as amended', states that ‘the general
principles to be applied [for similar biological medicinal products] are addressed in a
guideline taking into account the characteristics of the concerned biological medicinal
product published by the Agency’.

The purpose of this guideline is:
- To introduce the concept of similar biological medicinal products;
- To outline the basic principles to be applied;

- To provide applicants with a ‘user guide’, showing where to find relevant scientific
information in the various CHMP guidelines, in order to substantiate the claim of
similarity.

In any case, companies developing similar biological medicinal products are invited to
contact the Agency to obtain further advice on their development.

! Commission Directive 2003/63/EC of 25 June 2003; see section 4, Part II, Annex 1.
Also note legal base for Similar Biological Medicinal Product in future (November, 2005) implementation of
Directive 2004/27/EC.

CPMP/437/04 3/8
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2.  BASIC PRINCIPLES
2.1 Application of ’Biosimilar’ approach

In principle, the concept of a “similar biological medicinal product” is applicable to any
biological medicinal product. However, in practice, the success of such a development
approach will depend on the ability to characterise the product and therefore to demonstrate
the similar nature of the concerned products.

Biological medicinal products are usually more difficult to characterise than chemically
derived medicinal products. In addition, there is a spectrum of molecular complexity among
the various products (recombinant DNA, blood or plasma-derived, immunologicals, gene and
cell-therapy, etc.). Moreover, parameters such as the three-dimensional structure, the amount
of acido-basic variants or post-translational modifications such as the glycosylation profile,
can be significantly altered by changes which may initially be considered to be ‘minor’ in the
manufacturing process. Thus, the safety/efficacy profile of these products is highly dependent
on the robustness and the monitoring of quality aspects.

Therefore:

— The standard generic approach (demonstration of bioequivalence with a reference
medicinal product by appropriate bioavailability studies) is normally applied to
chemically derived medicinal products. Due to the complexity of
biological/biotechnology-derived products the generic approach is scientifically not
appropriate for these products. The ‘biosimilar’ approach, based on a comparability
exercise, will then have to be followed.

— Comparability exercises to demonstrate biosimilarity are more likely to be applied to
highly purified products, which can be thoroughly characterised (such as some
biotechnology-derived medicinal products).

— Although not legally forbidden, the ‘biosimilar’ approach is more difficult to apply to
other types of biological medicinal products which by their nature are more difficult
to characterise, such as biological substances arising from extraction from biological
sources and/or those for which little clinical and regulatory experience has been
gained (such as gene and cell therapy products).

— Whether a medicinal product would be acceptable using the ‘biosimilar’ approach
depends on the state of the art of analytical procedures, the manufacturing processes
employed, as well as clinical and regulatory experiences.

— The requirements to demonstrate safety and efficacy are essentially product-class
specific. Therefore, the non-clinical/clinical data package is determined on a case-by-
case basis, for situations where product-class specific guidance has not been defined.

— It should be recognised that, by definition, similar biological medicinal products are
not generic medicinal products, since it could be expected that there may be subtle
differences between biosimilar products from different manufacturers or compared
with reference products, which may not be fully apparent until greater experience in
their use has been established. Therefore, in order to support pharmacovigilance
monitoring, the specific product given to the patient should be clearly identified.
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2.2 Choice of Reference Product

A “reference medicinal product” is a medicinal product authorised in the EEA, on the basis of
a complete dossier in accordance with the provisions of Article 8 of Directive 2001/83/EC, as
amended.

The active substance of a similar biological medicinal product must be similar, in molecular
and biological terms, to the active substance of the reference medicinal product. For example,
a medicinal product containing interferon alfa-2a manufactured by Company X claiming to be
similar to another biological medicinal product, should refer to a reference medicinal product
containing as its active substance interferon alfa-2a. Therefore, a medicinal product
containing interferon alfa-2b could not be considered as the reference medicinal product.

The same reference product should be used throughout the comparability program for quality,
safety and efficacy studies during the development of a similar biological medicinal product in
order to allow the generation of coherent data and conclusions.

The pharmaceutical form, strength and route of administration of the similar biological medicinal
product should be the same as that of the reference medicinal product. When the pharmaceutical
form or the strength or the route of administration are not the same, the results of appropriate
non-clinical/clinical trials must be provided in order to demonstrate the safety/efficacy of the
similar biological medicinal product. Any differences between the similar biological medicinal
product and the reference medicinal product will have to be justified by appropriate studies on a
case-by-case basis.

3. RELEVANT GUIDELINES

As stated above, the CHMP has or may develop additional guidance documents addressing
both the quality, non-clinical and clinical aspects of comparability relevant to biotechnology-
derived medicinal products and to other types of similar biological medicinal products.
Product-class specific guidance documents on pre-clinical and clinical studies to be
conducted for the development of defined similar biological medicinal products will be made
progressively available.

It should be noted that the scientific principles described in quality and non-clinical/clinical
guidelines applicable to similar biological medicinal products containing biotechnology-
derived proteins as active substance may also be useful when considering non biotechnology-
derived biological medicinal products.

3.1 Guidelines applicable to all similar biological medicinal products

CHMP guidelines are available at the following address on the EMEA website:
http://www.emea.eu.int/index/indexh1.htm

While developing a similar biological medicinal product and carrying out the comparability
exercise to demonstrate that this product is similar to another one already authorised in the
EU, some existing CHMP guidelines may be relevant and should therefore be taken into
account.

For example:

CPMP/BWP/328/99 Development Pharmaceutics for Biotechnological and Biological
Products - Annex to Note for Guidance on Development Pharmaceutics
(CPMP/QWP/155/96)

Topic Q5C, Step 4 Note for Guidance on Quality of Biotechnological Products: Stability

Testing of Biotechnological/Biological Products (CPMP/ICH/138/95 - adopted Dec. 95)
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Topic Q6B, Step 4 Note For Guidance on Specifications: Test Procedures and Acceptance
Criteria for Biotechnological/Biological Products (CPMP/ICH/365/96 - Adopted March 99)

ICH Topic S6, Step 4 Note for Preclinical Safety Evaluation of Biotechnology-Derived
Products (CPMP/ICH/302/95 - adopted Sept. 97)

Additional class-product specific guidelines are progressively developed from the CHMP and
will be made available in the EMEA website.

3.2 Biological products containing biotechnology-derived proteins as active substance

The CHMP has developed and published two guidelines addressing the specific comparability
aspects of Dbiotechnology-derived medicinal products. The two guidelines address
respectively, the quality issues of comparability and the non-clinical and clinical issues
associated with this kind of comparability exercise. These two guidelines are:

. The “Guideline on comparability of medicinal products containing biotechnology-
derived proteins as active substance — Quality issues (CPMP/BWP/3207/00)”.

This guideline is available at the following address on the EMEA website:
http://www.emea.eu.int/pdfs/human/bwp/320700en.pdf

. The “Guideline on comparability of medicinal products containing biotechnology-
derived proteins as active substance - Non-clinical and clinical issues (CPMP/Ad-
Hoc group on (non)-clinical comparability of biotechnology products/3097/02)”.

This guideline is available at the following address on the EMEA website:
http://www.emea.eu.int/htms/human/bwp/bwpfin.htm

These guidelines initially addressing the comparability exercise needed both for changes in
the manufacturing process of a given products and for the demonstration of the similar
nature of a similar biological medicinal product to an authorised reference medicinal
product are regularly revised as appropriate to accommodate upcoming changes in
scientific knowledge and legal framework.

3.3 Immunologicals such as vaccines and allergens

Vaccines are complex biological medicinal products. Currently, it seems unlikely that these
products may be thoroughly characterised at a molecular level. Consequently, vaccines will
have to be considered on a case-by-case basis. Applicants should take appropriate advice
from the EU Regulatory Authorities.

Allergen products are similarly complex and the same approach should be taken.

In addition to the CHMP guidelines applicable to all biological medicinal products (listed in
paragraph 2 of this document), the following guidelines should be taken into consideration.

The CHMP guidelines addressing the quality, non-clinical and clinical aspects of
immunological such as vaccines are the following:

CPMP/BWP/477/97 Note for guidance on Pharmaceutical and Biological Aspects of
Combined Vaccines, (CPMP adopted Jul. 98).

CPMP/BWP/2490/00 Note for Guidance on Cell Culture Inactivated Influenza Vaccines
(Adopted by CPMP January 2002) - Annex to Note for Guidance on Harmonisation of
requirements for Influenza Vaccines CPMP/BWP/214/96

CPMP/BWP/214/96 Note for Guidance on Harmonisation of Requirements for Influenza
Vaccines (CPMP adopted March 97)
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CPMP/BWP/2289/01 Points to Consider on the Development of Live Attenuated Influenza
Vaccines (CPMP Adopted, February 2003)

CPMP/BWP/243/96 Note for Guidance on Allergen Products (CPMP adopted March.96)

CPMP/EWP/463/97 Note for guidance on Clinical Evaluation of New Vaccines (CPMP
adopted 19 May 99)

These guidelines are available at the following address on the EMEA website:
http://www.emea.eu.int/htms/human/bwp/bwpfin.htm

Draft guidance documents may also be relevant and may be found at the following address on
the EMEA website: http://www.emea.eu.int/htms/human/bwp/bwpdraft.htm

3.4 Blood or plasma-derived products and their recombinant alternatives

The BWP and BPWG guidelines listed below should be taken into consideration, in addition
to the applicable CHMP guidelines (Section 3.1 and 3.2).

In view of the complex and variable physico-chemical, biological and functional
characteristics of the products listed in the BPWG guidelines mentioned below, it will not be
acceptable to submit a reduced clinical dossier when claiming similarity to an original
(reference) medicinal product. As a result, applications for such similar products will still
need to satisfy the safety and efficacy requirements described in these BPWG guidelines for
“new products”.

For quality issues:

CPMP/BWP/269/95 Rev.3 Note for guidance on Plasma -Derived Medicinal Products (CPMP
adopted Jan. 2001). This guideline is available at the following address on the EMEA
website: http://www.emea.eu.int/htms/human/bwp/bwpfin.htm

For non-clinical and clinical considerations:

CPMP/BPWG/283/00 Note for Guidance on the Clinical Investigation of Human Normal
Immunoglobulin for Subcutaneous and Intramuscular use (Adopted July 2002)

CPMP/BPWG/2220/99 Note for Guidance on the Clinical Investigation of Plasma derived
Antithrombin Products (Adopted January 2002)

CPMP/BPWG/198/95 Rev. 1 Note for Guidance on the Clinical Investigation of Human
Plasma Derived Factor VIII and IX Products (Adopted October 2000)

CPMP/BPWG/1561/99 Note for Guidance on the Clinical Investigation of Recombinant
Factor VIII and IX Products (Adopted October 2000)

CPMP/BPWG/388/95 Rev. 1 Note for Guidance on the Clinical Investigation of Human
Normal Immunoglobulin for Intravenous Administration (IVIg) (Adopted June 2000)

CPMP/BPWG/575/99 Note for Guidance on the Clinical Investigation of Human Anti-D
Immunoglobulin for Intravenous and/or Intramuscular Use (Adopted June 2000)

These documents are available at the following address on the EMEA website:
http://www.emea.eu.int/htms/human/bpwg/bpwgfin.htm

Draft guidance documents may also be relevant and may be found at the following address on
the EMEA website: http://www.emea.eu.int/htms/human/bpwg/bpwgdraft.htm
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3.5 Other Biological Medicinal Products

Other types of biological medicinal products exist, such as gene or cell therapy medicinal
products. These products are of a complex nature and will be considered in the future in light
of the scientific knowledge and regulatory experience gained at the time.
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1. Introduction

1.1 Purpose

A company may choose to develop a new biological medicinal product claimed to be similar (Similar
Biological Medicinal Product) in terms of Quality, Safety and Efficacy to an original, reference
medicinal product which has been granted a marketing authorisation in the Community (see Guideline
on Similar Biological Medicinal Products, CHMP/437/04).

Similar Biological Medicinal Products are manufactured and controlled according to their own
development, taking into account relevant and up-to-date information, such as manufacturing
processes, product characteristics, stability and comparability data.

In most cases, limited comparison can be made against the official data, e.g. pharmacopoeial
monographs or against other published scientific data. However, such comparisons at the level of both
active substance and finished product are not sufficient to establish all aspects pertinent to the
evaluation of biosimilarity. Consequently, an extensive comparability exercise will be required to
demonstrate that the biosimilar and reference products have similar profiles in terms of quality, safety
and efficacy.

Based on the comparability approach and when supported by sufficiently sensitive analytical systems,
the demonstration of comparability at the quality level may connect the biosimilar product to the
nonclinical and clinical data previously generated with the reference product.

1.2. Regulatory framework

A full quality dossier (CTD Module 3) is required as detailed in current legislation and this should be
supplemented by the demonstration of comparability, as discussed in this guideline. Applicants should
note that the comparability exercise for a biosimilar product versus the reference medicinal product is
an additional element to the normal requirements of the quality dossier and should be dealt with
separately when presenting the data. It is recommended that the Quality Overall Summary also deals
with comparability issues in separate sections in order to facilitate review, cross referencing the
appropriate separate sections of the dossier which contain the relevant data. It may also be helpful to
include any considerations of comparability during development of the biosimilar product in a similar
way.

This guideline should be read in conjunction with all relevant current and future guidelines pertaining
to medicinal products containing biotechnology-derived proteins as active substance, and in
conjunction with Part II of the Annex I of Directive 2001/83/EC, as amended.

1.3. Scope

This guideline addresses quality issues during demonstration of comparability for Similar Biological
Medicinal Products (biosimilar products) containing recombinant DNA-derived proteins. As a
consequence, the principles adopted and explained in this document should apply to proteins and
peptides, their derivatives and products of which they are components (e.g. conjugates). For other
situations see Guideline on Similar Biological Medicinal Products, CHMP/437/04.

This guideline does not address the comparability exercise for changes introduced in the
manufacturing process of a given product (i.e. changes during development and post-authorisation), as
addressed by ICH QS5E.
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2. Manufacturing process of a biosimilar medicinal product

The biosimilar product is defined by its own specific manufacturing process for both active substance
and medicinal product. This process should be developed and optimised taking into account state-of—
the-art information on manufacturing processes (i.e. expression system / cell substrate, culture,
purification, viral safety, etc.) and consequences on product characteristics.

It is recognised that each medicinal product is defined by the molecular composition of the active
substance resulting from its process, which may introduce its own process related impurities.
Consequently, the biosimilar product is defined by the following two sets of characteristics: i) related
to the characteristics of the molecule (including product related substances/impurities), and ii) related
to its process. It is the duty of the Applicant to demonstrate the consistency and robustness of his own
process according to existing guidelines.

Formulation studies should be considered in the course of the development of a suitable dosage form,
even if excipients are qualitatively and quantitatively the same as the reference product. These studies
should demonstrate the suitability of the proposed formulation with regards to stability, compatibility
(i.e. with excipients, diluents and packaging materials), and integrity of the active substance (both
biologically and physico-chemically) for its intended medicinal use.

As is the case for any biotechnology-derived medicinal product, a comparability exercise (as described
in ICH QS5E) should be considered when a change is introduced into the manufacturing process (active
substance and finished product) during development. For the purposes of clarity, any comparability
exercise(s) for process changes introduced during development should be clearly identified and
addressed separately from the comparability exercise intended to demonstrate biosimilarity to the
reference product.

Although it is acknowledged that the manufacturing process will be optimised during development, it
is advisable to generate the required clinical data for the comparability study with product produced
with the final manufacturing process and therefore representing the quality profile of the batches to be
commercialised.

3. Comparability exercise for demonstrating biosimilarity

This section addresses the points to be considered in the demonstration of similarity for a biosimilar
product versus that of a reference product.

Although quality aspects of a biosimilar product are a fundamental element in the comparability
exercise versus the reference medicinal product, quality aspects should always be considered with
regard to any implications for Safety and Efficacy. A stepwise approach should be undertaken to
justify any differences in the quality attributes of the biosimilar versus the reference product in order
to make a satisfactory justification of the potential implications with regard to the safety and efficacy
of the product.

It is not expected that the quality attributes in the biosimilar and reference medicinal products will be
identical. For example, minor structural differences in the active substance, such as variability in post-
translational modifications may be acceptable, however, must be justified. The impurity profile in the
product should be fully justified and would be considered on a case-by-case basis, and supported by
the comparability exercise for quality attributes in relation to safety and efficacy. Therefore,
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differences in impurity profiles and significant differences in product related substances may have
consequences with regard to the amount of data which may be required in order to make satisfactory
justification of the safety and efficacy of the biosimilar product.

3.1. Reference product for biosimilar medicinal products

Comparability of the biosimilar medicinal product with the chosen reference product should be
addressed for both the medicinal product and the active substance in the medicinal product.

3.1.1. Reference Medicinal Product

The reference medicinal product should be authorised in the European Union. Although the
biosimilarity exercise can be facilitated when the pharmaceutical form, formulation, strength etc. of
the biosimilar product are the same as the reference medicinal product, other approaches may be
considered by the applicant. In any case, a clear scientific justification of the criteria followed to
select the reference medicinal product should be provided, with specific attention to its critical
parameters and quality attributes. The same reference medicinal product should be used for all three
parts of the dossier (i.e. Quality, Safety and Efficacy).

The brand name, pharmaceutical form, formulation and strength of the reference medicinal product
used in the comparability exercise should be clearly identified. The effect of sample age of the
reference product on the results of the comparability exercise should be adequately addressed, where
appropriate.

3.1.2. Reference Active Substance

The comparison of the biosimilar active substance to a publicly available standard as a reference (i.e.
Ph.Eur., WHO, etc.) is not sufficient to demonstrate biosimilarity of the active substance since this
material may not have known and defined safety and efficacy profiles. In addition, the biosimilar
manufacturer generally does not have access to the originator active substance, and cannot directly
compare his active substance to the one used in the originator’s medicinal product.

Nevertheless, the biosimilar manufacturer must demonstrate, using state of the art analytical methods
that the active substance used in the comparability exercise is representative of the active substance
present in the reference medicinal product. In certain situations, the analytical tools used for
characterisation may not be capable of directly comparing the biosimilar active substance versus the
active substance present in the reference medicinal product. In these situations, the Applicant should
use various approaches to obtain representative reference active substance derived from the reference
medicinal product in order to perform the comparative analysis at the active substance level. This
approach should be appropriately validated in order to demonstrate the suitability of the sample
preparation process, and should include the comparison of the biosimilar active substance with active
substance material derived from the reference and the biosimilar medicinal products.

3.2. Analytical methods for biosimilar medicinal products

Extensive state-of-the-art characterisation studies should be applied to the biosimilar and reference
medicinal products in parallel at both the active substance and the medicinal product levels to
demonstrate with a high level of assurance that the quality of the biosimilar product is comparable to
the reference medicinal product.
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3.2.1. Analytical considerations

- Suitability of available analytical methods

Given the complexity of the molecule and its inherent heterogeneity, the set of analytical techniques
should represent the state-of-the-art and should be selected by the manufacturer as being able to detect
any slight differences in the characteristics of the biotechnology-derived product. It is the duty of the
manufacturer to demonstrate that the selected methods used in the comparability exercise would be
able to detect differences in all aspects pertinent to the evaluation of quality.

- Validation of analytical methods

Methods used in the characterisation studies form an integral part of the quality data package and
should be appropriately qualified for the purpose of comparability. Before entering the clinical trial(s)
needed for comparability purposes, release tests should be validated in accordance with the ICH
Harmonised Tripartite Guidelines  “Validation of Analytical Procedures: Definitions and
Terminology” and “Validation of Analytical Procedures: Methodology".

If available, primary standards (e.g., from Ph. Eur., WHO, etc.) should be used for method
qualification and validation.

3.2.2. Physicochemical properties

The physicochemical comparison comprises the evaluation of physicochemical parameters and the
structural identification of product-related substances and impurities, including the determination of
the degradation pathways by performing accelerated stability studies. A physicochemical
characterisation program should include a determination of the composition, physical properties,
primary and higher order structures of the active substance of the biosimilar product. An inherent
degree of structural heterogeneity occurs in proteins due to the biosynthetic process, therefore, the
biosimilar product can contain a mixture of anticipated post-translationally modified forms.

3.2.3. Biological activity

The comparability exercise should include an assessment of the biological properties of the similar
biological medicinal product and the reference medicinal product. Biological assays using different
approaches to measure the biological activity should be considered as appropriate (i.e. depending on
the biological properties of the product). The results of relevant biological assay(s) should be provided
and expressed in units of activity calibrated against an international or national reference standard,
when available and appropriate.  These assays should comply with appropriate European
Pharmacopoeia requirements for biological assays, if applicable.

3.2.4. Purity and impurities

The purity and impurity profiles of the active substance and medicinal product should be assessed both
qualitatively and quantitatively by a combination of analytical procedures for both reference and
biosimilar products. It is acknowledged that the manufacturer developing biosimilar products would
normally not have access to all necessary information that could allow an exhaustive comparison with
the reference medicinal product. Nevertheless the level of detail must be such that firm conclusions on
the purity and impurity profiles can be made.

The product-related substances and impurities in the biosimilar product should be identified and
compared to the originator product using state-of-the-art technologies. Additionally, information
based on the analysis of samples stored under accelerated conditions, inducing selective degradation
(e.g., oxidation, dimerisation) should be used for identification. Comparison of product-related
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substances, and of product-related impurities should be based on specific degradation pathways and
potential post-translational modifications of the individual proteins. Additional accelerated stability
studies of the originator and of the biosimilar product should be used to further define and compare the
degradation pathways.

Process-related impurities (e.g., host cell proteins, host cell DNA, reagents, downstream impurities,
etc.) are expected to differ qualitatively from one process to another, and therefore, the qualitative
comparison of these parameters may not be relevant in the comparability exercise. Nevertheless, state-
of-the-art analytical technologies following existing guidelines and compendial requirements should
be applied, and the impact of these process-related impurities should be confirmed by appropriate
studies (including non-clinical and/or clinical studies).

4. Specifications

As for any biotechnology-derived product, the selection of tests to be included in the specifications is
product specific and should be defined as described in ICH Q6B: Note For Guidance on
Specifications: Test Procedures and Acceptance Criteria for Biotechnological/Biological. The
rationale used to establish the proposed range of acceptance criteria should be described. Each
acceptance criteria should be established and justified based on data obtained from lots used in non-
clinical and/or clinical studies, and by data from lots used for the demonstration of manufacturing
consistency, data from stability studies, relevant development data and data obtained from the
comparability exercise (quality, safety and efficacy).

The setting of specifications should be supported by global reasoning based on the Applicant's
experience of the biosimilar product (quality, safety and efficacy) and his own experimental results
obtained by testing the reference medicinal product. These data should demonstrate, whenever
possible, that the limits set for a given test are not wider than the range of variability of the
representative reference material, unless justified.
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1. Introduction

1.1  Purpose

A company may choose to develop a new biological medicinal product claimed to be similar
(smilar biologicd medicinal product) in terms of quality, safety and efficacy to an
original/reference product that has been granted a marketing authorisation in the Community (see
Guideline on similar biological medicina products, CHMP/437/04).

Similar biological medicinal products are manufactured and controlled according to their own
development. An extensive comparability exercise will be required to demonstrate that the similar
biological and reference products have similar profiles in terms of quality, safety and efficacy. The
guality issues relevant for demonstration of comparability for ssimilar biological medicinal products
containing recombinant DNA-derived proteins are addressed in the ” Guideline on similar biological
medicinal products containing biotechnology-derived proteins as active substances: quality issues’
(EMEA/CHMP/4934/05).

The Marketing Authorisation (MA) application dossier of a biological medicinal product claimed to
be smilar to a reference product aready authorised shal provide a full quality dossier. Equivalent
efficacy and safety of the similar biological medicinal product has to be demonstrated. The
principles for this exercise are laid down in this guideline. Product class specific annexes will
supplement this guideline for specific products classes where a need has been or will be identified.

It is recommended that the non-clinical and the clinical overall summary deals with comparability
issues in separate sections in order to fecilitate the regulatory review by cross referencing the
appropriate separate sections of the dossier which contain the relevant data.

The same reference product should be used for all three parts of the dossier (i.e. quality. safety and
efficacy aspects).

In case the reference biological product has more than one indication, the efficacy and safety of the
medicinal product claimed to be similar have to be justified or, if appropriate, demonstrated
separately for each of the claimed indications. Justification will depend on e.g., clinical experience,
available literature data, whether or not the same mechanisms of action or receptor(s) are involved
in al indications. Possible safety issues in different subpopulations should also be addressed. In
certain cases it may be possible to extrapolate therapeutic equivalence shown in one induction to
other indications of the reference product.

In any case, the company should justify the approach taken during the development of the product
and might want to contact the EMEA before starting the development for scientific and regulatory
advice.

2. Scope

This guiddine addresses the general principles for the non-clinical and clinical development and
assessment of the marketing authorisation applications of similar biological medicina products
containing recombinant proteins as active substance(s). This guideline does not address the
comparability exercise for changes introduced in the manufacturing process of a given product (i.e.
changes during development and post-authorisation).

This guideline should be read in conjunction with all relevant current and future guidelines
pertaining to medicinal products containing biotechnology-derived proteins as active substance, and
in conjunction with Part |1 of the Annex | of Directive 2001/83/EC, as amended, especially.

. Guideline on similar biological medicinal products containing biotechnology-derived
proteins as active substance — quality issues (EMEA/CHM P/4924/05)
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. Guideline on similar biological products (CHMP/437/04) ICH topic S6 - Note for guidance
on Non-clinical Safety Evauation of Biotechnology-Derived Pharmaceuticals
(CPMP/ICH/302/95)

. ICH topic E9 statistical principles for clinical trials — Note for guidance on statistical
principles for clinical trials (CPMP/ICH/363/96)

. ICH topic E10 - Note for guidance on choice of control group in clinical trials
(CPMP/ICH/364/96)

. Guideline on clinical investigation of the pharmacokinetics of therapeutic proteins

(EMEA/CHMP/89249/04/in pre)

3. Non-clinical data

Before going into clinical development, non-clinical studies should be performed. These studies
should be comparative in nature and should be designed to detect differences in response between
the similar biological product and the reference product and not just the response per se.

It is important to note that design of an appropriate non-clinical study program requires a clear
understanding of the product characteristics. Results from the physicochemical and biological
characterisation studies should be reviewed from the point-of-view of potential impact on efficacy
and safety. Relevant guidance documents, notably the "Note for guidance on Non-clinical safety
evaluation of biotechnology derived pharmaceuticals’ (CPMP/ICH/302/95), should be taken into
consideration.

Ongoing consideration should be given to the use of emerging technologies. (For example: In vitro
techniques such as e.g. ‘red-time binding assays may prove useful. In vivo, the developing
genomic/proteomic microarray sciences may, in the future, present opportunities to detect minor
changesin biological response to pharmacologically active substances).

The following approach may be considered and should be tailored to the specific product concerned
on a case-by-case basis. The approach taken will need to be fully justified in the non-clinical
overview.

In vitro studies:

A battery of receptor-binding studies or cell-based assays, many of which may already be available
from qudlity-related bioassays, should normally be undertaken in order to assess if any differences
in reactivity are present and to determine the likely causative factor(s).

In vivo studies:

Animal studies should be designed to maximise the information obtained and to compare reference
and similar biological medicinal products intended to be used in the clinical trials. Such studies
should be performed in a species known to be relevant and employ state of the art technology.
Where the modd allows, consideration should be given to monitoring a number of endpoints such

s Pharmacodynamic effect/activity relevant to the clinical application.

% Non-clinical toxicity as determined in at least one repeat dose toxicity study, including
toxicokinetic measurements. Toxicokinetic measurements should include determination of
antibody titres, cross reactivity and neutralizing capacity. The duration of the studies
should be sufficiently long to alow detection of relevant differences in toxicity and/or
immune responses between similar biological medicinal product and reference product.
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7

s If there are specific safety concerns, these might be addressed by including relevant
observations (i.e. local tolerance) in the same repeat dose toxicity study.

4, Clinical sudies

The requirements depend on the type of the biological medicinal product and the claimed
thergpeutic indication(s). Available disease specific guidelines should be followed when

appropriate.

It is acknowledged that the manufacturing process will be optimised during development. It is
recommended to generate the required clinical datafor the comparability study with test product as
produced with the final manufacturing process and therefore representing the quality profile of the
batches to become commercialised. Any deviation from this recommendation should be justified
and supported by adequate additional data.

The clinical comparability exercise is a stepwise procedure that should begin with pharmacokinetic
(PK) and pharmacodynamic (PD) studies followed by clinical efficacy trial(s) or, in certain cases,
pharmacokinetic/pharmacodynamic (PK / PD) studies for demonstrating therapeutical equivalence,
according to the following rules.

41. Pharmacokinetics

Comparative PK studies designed to demonstrate equivalence between the similar biological
medicinal product and the reference product with regard to key PK parameters are an essential part
of the comparability exercise.

Specific considerations related to the inherent characteristics of proteins are described in the
Guideline on clinica investigation of the pharmacokinetics of therapeutic proteins
(EMEACHMP/89249/2004/in prep) and they should be taken into account.

The design of comparative PK studies should not necessarily mimic that of the standard
“equivalence” design (CHMP/EWP/QWP/1401/98), since dsmilarity in terms of
absorption/bioavailability is not the only parameter of interest. In fact, differences in elimination
characterigtics between products e.g. clearance and elimination half-life should be explored.

The choice of the design for single dose studies, steady-state studies, or repeated determination of
PK parameters with atreatment period in between should be justified by the applicant. The ordinary
crossover design is not appropriate for therapeutic proteins with a long half-life, e.g. therapeutic
antibodies and pegylated proteins, or for proteins for which formation of anti-drug antibodies is
likely. The acceptance range to conclude equivalence with respect to any pharmacokinetic
parameter should be based on clinical judgement, taking into consideration all available efficacy
and safety information on the reference and test products. Hence, the criteria used in standard
equivalence studies, initialy developed for chemically derived products may not be appropriate and
the equivalence limits should be defined and justified prior to conducting the study.

41. Pharmacodynamic studies

The pharmacodynamic (PD) markers should be selected on the basis of their relevance to
demonstrate therapeutic efficacy of the product. The pharmacodynamic effect of the test and the
reference products should be compared in a population where the possible differences can best be
observed. The design and duration of the studies must be justified. Combined PK / PD studies may
provide useful information on the relationship between exposure and effect. The selected dose
should be in the steep part of the dose-response curve. Studies at more than one dose level may be
useful.

4.3.  Confirmatory pharmacokinetic/pharmacodynamic (PK/PD) studies
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Normally comparative clinical trials are required for the demonstration of equivalent efficacy. In
certain cases, however comparative PK/PD studies between the similar biological medicinal product
and the reference product may be sufficient to demongrate equivalence, provided that all the
following conditions are met:

« The PK of the reference product, including detailed knowledge of the relevant biological
barriers, are well characterised.

»  There is sufficient knowledge of the pharmacodynamic properties of the reference product,
including binding to its target receptor(s) and intrinsic activity. Sometimes, the mechanism of action
of the biological product will be disease-specific.

*  The relationship between dose/exposure and response/efficacy of the reference product (the
therapeutic “ concentration-response” curve) is reasonably well characterised.

+ Atleast one PD marker is accepted or even established as a surrogate marker for efficacy, and
the relationship between dose/exposure to the product and this surrogate marker is well known. A
PD marker may be considered a surrogate marker for efficacy if therapy-induced changes of that
marker can explain changes in clinica outcome to a large extent. Examples include absolute
neutrophil count to assess the effect of granulocyte-colony stimulating factor (G-CSF), and early
viral load reduction in chronic hepatitis C to assess the effect of alphainterferons. The choice of the
surrogate marker for use in PK/PD studies should be thoroughly justified.

If PK/PD studies are used to demongrate similarity of the biological medicinal products, care
should be taken to investigate a reasonable dose range to demonstrate assay sensitivity (see ICH
topic E10).

The margins defining equivalence of PK and PD parameters must be defined a priori and justified.
44. Efficacy trias

Usually comparative clinical trials will be necessary to demonstrate therapeutic equivalence
between the similar biological and the reference product. Equivalence margins should be pre-
specified and justified, primarily on clinical grounds. As for al equivalence trial designs, assay
sensitivity (see ICH topic E10) has to be ensured.

If an equivalence tria design is not feasible, other designs should be explored and their use
discussed with the competent authorities.

5. Clinical safety and phar macovigilance requirements

Even if the efficacy is shown to be comparable, the similar biological medicinal product may
exhibit a different safety profile (in terms of nature, seriousness, or incidence of adverse reactions).
Pre-licensing safety data should be obtained in a number of patients sufficient to address the
comparability of the adverse effect profiles of the test and the reference product. Care should be
given to compare the type, severity and frequency of the common adverse reactions between the
similar biological and the reference biological medicinal products.

Data from pre-authorisation clinical studies normally are insufficient to identify al differences.
Therefore, clinical safety of similar biological medicinal products must be monitored closely on an
ongoing basis during the post-approva phase including continued benefit-risk assessment.

The applicant should give a risk specification in the application dossier for the medicinal product
under review. This includes a description of possible safety issues related to tolerability of the
medicinal product that may result from a manufacturing process different from that of the
originator.
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Within the authorisation procedure the applicant should present a pharmacovigilance plan in
accordance with current EU legislation and pharmacovigilance guidelines. Pharmacovigilance
systems (as defined in the current EU legislation) and procedures (including traceability as
described in the current EU guidelines) to achieve this monitoring should be in place when a
marketing authorisation is granted. A specific risk management plan is required in situations when
there is a safety signal in pre-licensing non-clinical or clinical studies or when safety problems have
been encountered with other products of the same class.

The compliance of the marketing authorisation holder with commitments (where appropriate) and
their pharmacovigilance obligations will be closely monitored.

In the PSURs submitted within the first five-year period, the marketing authorisation holder should
address reports and any other information on tolerability that he has received. These reports or
information must be evaluated and assessed by the marketing authorisation holder in a scientific
manner with regard to causality of adverse events or adverse drug reactions and related frequencies.

6. Immunogenicity
Factors affecting immunogenicity

For many proteins and peptides, a number of patients develop clinicaly relevant anti-drug
antibodies. The immune response against therapeutic proteins differs between products since the
immunogenic potential is influenced by many factors, such as the nature of the active substance,
product- and process-related impurities, excipients and stability of the product, route of
administration, dosing regimen, and target patient population. The patient-related factors may have
a genetic basis, e.g. lack of tolerance to the norma endogenous protein, or acquired, such as
immunosuppression due to the disease or its concomitant medication. There is considerable inter-
individual variability in antibody response in terms of different antibody classes, affinities, and
specificities Thus, data should be collected from a sufficient number of patients to characterise the
variability in antibody response.

Consequences of an immune response

An immune response to the product may have a significant impact on its clinical safety and
efficacy. Although only neutraising antibodies directly alter the pharmacodynamic effect, any
binding antibody may affect the pharmacokinetics. Thus, an altered effect of the product due to
anti-drug antibody formation might be a composite of both pharmacokinetic and pharmacological
changes. Antibody formation can cause increased or decreased clearance of the therapeutic protein,
although the former effect is the most common.

Principles for evaluation of immunogenicity

The immunogenicity of a similar biologica medicinal product must aways be investigated.
Normally an antibody response in humans cannot be predicted from animal studies. The assessment
of immunogenicity requires an optimal antibody testing strategy, characterisation of the observed
immune response, as well as evaluation of the correlation between antibodies and pharmacokinetics
or pharmacodynamics, relevant for clinical safety and efficacy in al aspects. It is important to
consider the risk of immunogenicity in different therapeutic indications separately.

Testing

The applicant should present a rationale for the proposed antibody-testing strategy. Testing for
immunogenicity should be performed by state of the art methods using assays with appropriate
specificity and sensitivity. The screening assays should be validated and sensitive enough to detect
low titre and low affinity antibodies. An assay for neutraising antibodies should be available for
further characterisation of antibodies detected by the screening assays. Standard methods and
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international standards should be used whenever possble. The possble interference of the
circulating antigen with the antibody assays should be taken into account. The periodicity and
timing of sampling for testing of antibodies should be justified.

In view of the unpredictability of the onset and incidence of immunogenicity, long term results of
monitoring of antibodies at predetermined intervals will be required. In case of chronic
administration, one-year follow up datawill be required pre-licensing.

Evaluation of the clinical significance of the observed immune response

If a different immune response to the product is observed as compared to the innovator product,
further analyses to characterise the antibodies and their implications to clinical safety, efficacy and
pharmacokinetic parameters are required. Special consideration should be given to those products
where there is a chance that the immune response could affect the endogenous protein and its
unique biological function. Antibody testing has to be integrated to dl clinical trials. The applicant
should consider the role of immunogenicity in certain events, such as hypersensitivity, infusion
reactions, autoimmunity and loss of efficacy. The sponsor needs to discuss possibilities to stimulate
the reporting of relevant adverse events, including events related to loss of efficacy.

EMEA/CHMP/42832/2005 Page 8/8
©EMEA 2005



M European Medicines Agency

Evaluation of Medicines for Human Use

London, 16 May 2005
EMEA/CHMP/32775/2005

COMMITTEE FOR MEDICINAL PRODUCTS FOR HUMAN USE
(CHMP)

ANNEX GUIDELINE ON SIMILAR BIOLOGICAL MEDICINAL PRODUCTS
CONTAINING BIOTECHNOLOGY-DERIVED PROTEINS AS ACTIVE SUBSTANCE:

NON-CLINICAL AND CLINICAL ISSUES

GUIDANCE ON SIMILAR MEDICINAL PRODUCTS CONTAINING
RECOMBINANT HUMAN INSULIN

DISCUSSION AT THE BMWP WORKING PARTY E/II,EA?QF\():%AZF\E)\E)SZOOS 0
TRANSMISSION TO CHMP MAY 2005
RELEASE FOR CONSULTATION MAY 2005
DEADLINE FOR COMMENTS OCTOBER 2005

Note:

Any comments to this Guideline should be sent to the EMEA BMWP Secretariat by e-mail:
Denisa.dechiara@emea.eu.int or by fax: +44 20 74 18 86 13 by the end of October 2005

7 Westferry Circus, Canary Wharf, London, E14 4HB, UK
Tel. (44-20) 74 18 84 00 Fax (44-20) 74 18 86 13
E-mail: mail@emea.eu.int  http://www.emea.eu.int
©EMEA 2005 Reproduction and/or distribution of this document is authorised for non commercial purposes only provided the EMEA is acknowledged



1. Introduction

The Marketing Authorisation (MA) application dosser of a new recombinant short acting
human insulin (rh-insulin) claimed to be similar to a reference product already authorised shall
provide the demonstration of comparability of the product applied for to a reference product
authorised in the EU.

Human insulin for therapeutic use is a non-glycosylated, disulphide-bonded heterodimer of 51
amino acids. There is extensive experience with the production of insulin for therapeutic use
from animal sources, in the form of semisynthetic insulin, and through different recombinant
techniques. Physico-chemical and biological methods are available to characterise the primary,
secondary and tertiary structures of the recombinant insulin molecule, as well as its receptor
affinity and biologica activity in vitro and in vivo. Current quality guidelines on comparability
provide information on the characterisation and analysis of similar biological medicina product
and its comparator. For rh-insulin, attention should be given to product related
substances/impurities and process related impurities, and in particular to desamido forms and
other forms that may derive from the expression vector or arise from the converson steps
removing the C-peptide and regenerating the three-dimensiona structure.

The effects of insulin are mediated predominantly via stimulation of the insulin receptor but
insulin isaso aweak natural ligand of the insulin-like growth factor-1 (IGF-1) receptor.

The same receptors are known to be involved in the mechanism of action relevant for the
currently approved therapeutic indications of rh-insulins.

Antibodies to rh-insulin occur frequently, mainly as cross-reacting antibodies. These have been
rarely described to have maor consequences for efficacy or safety. The potentia for
development of product/impurity-specific antibodies needs to be evaluated. Rh-insulin is
administered subcutaneously or intravenously. Possible patient-related risk factors of immune
response are unknown.

2. Scope

The guideline on similar biologica medicinal products containing biotechnology-derived
proteins as active substance: non-clinical and clinical issues (EMEA/CPM P/42832/05/draft)
lays down the general requirements for demonstration of similar nature of two biological
productsin terms of safety and efficacy.

This product specific guidance as annex to the above guideline presents the current view of the
CHMP on the application of the guideline for demonstration of comparability of two
recombinant insulin-containing medicina products. The final set of studies necessary to fulfill
non-clinical and clinical requirements for a given medicinal product will be determined by data
generated by the comparability exercise itself.

This Guideline should be read in conjunction with the requirements laid down in the EU
Pharmaceutica legislation and with relevant CHMP guidelines (see section V).

3. Non-clinical studies

Before going into clinical development, non-clinical studies should be performed. These studies
should be comparative in nature and should be designed to detect differences in the response to
the similar biological medicinal product and the reference product and should not just assess
the response per se. The approach taken will need to be fully justified in the non-clinical
overview.
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3.1  Pharmacodynamic studies
Invitro studies

In order to assess any differences in properties between the similar biological medicinal
product and the reference product, comparative studies with in vitro bioassays for affinity,
insulin- and IGF-1-receptor binding assays, as well as tests for intrinsic activity should be
performed. Partly, such data may aready be available from bioassays that were used to
measure potency in the evaluation of physico-chemical characteristics. It is important that
assays used for equivalence are demonstrated to have appropriate sensitivity to detect minute
differences and that experiments are based on a sufficient number of dilutions per curve to
characterise the whole concentration-response relationship.

In vivo studies

Comparative study(ies) of pharmacodynamic effects would not be anticipated to be sensitive
enough to detect any non-equivalence not identified by in vitro assays, and are normally not
required as part of the comparability exercise.

3.2. Toxicologicd studies

Data from at least one repeat dose toxicity study in a relevant species (e.g. rat) should be
provided. Study duration should be at least 4 weeks. The study should be performed in
accordance with the requirements of the "Note for guidance on repeated dose toxicity"
(CPMP/SWP/1042/99) and include appropriate toxicokinetic measurements in accordance
with the "Note for guidance on toxicokinetics: A Guidance for assessing systemic exposure in
toxicologica studies’ (CPMP/ICH/384/95)”. In this context, specia emphass should be laid
on the determination of immune responses.

Data on local tolerance in at least one species should be provided in accordance with the "Note
for guidance on non-clinical loca tolerance testing of medicind products’
(CPMP/SWP/2145/00). If feasible, local tolerance testing can be performed as part of the
described repeat dose toxicity study.

Other routine toxicological studies are not required for rh-insulins developed as similar
biological medicinal products.

4, Clinical studies
4.1 Pharmacokinetic studies

The relative pharmacokinetic properties of the similar biological medicinal product and the
reference product should be determined in a single dose crossover study using subcutaneous
administration. Comprehensive comparative data should be provided on the time-concentration
profile (including Cruax, Trex, AUC and half-life). Studies should be performed preferably in
patients with typel diabetes. Factors contributing to PK variability e.g. insulin dose and site of
injection / thickness of subcutaneous fat should be taken into account.

4.2  Pharmacodynamic studies

The clinical activity of an insulin preparation is determined by its time-effect profile of
hypoglycaemic response, which incorporates components of pharmacodynamics and
pharmacokinetics. Pharmacodynamic data are of primary importance to demonstrate
therapeutic equivalence of a smilar rh-insulin. The double-blind, crossover hyperinsulinaemic
euglycaemic clamp model is considered suitable for this characterisation. Data on
comparability regarding glucose infusion rate and serum free insulin concentrations should be
made available. The choice of study population and study duration should be justified.
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4.3  Clinical efficacy studies

Provided that equivalence can be concluded from PK and PD data, there is no anticipated need
for efficacy studies on intermediary or clinical variables.

5. Clinical safety
5.1  Immunogenicity

The safety concerns with a similar rh-insulin relate mainly to the potential for immunogenicity.
The issue of immunogenicity can only be settled through clinica trials of sufficient duration,
i.e. at least 12 months using subcutaneous administration. The comparative phase of this study
should be at least 6 month. The primary outcome measure should be the frequency of
antibodies to the test and reference product.

The plans for these trias should take into account:
Justification of study population including history of previous insulin exposure

Definitions of pre-specified analyses of the immunogenicity data with respect to effects on
clinical findings (glycaemic control, insulin dose requirements, local and systemic alergic
reactions)

5.2 Local reactions

If any concern is raised through non-clinical and short-term clinical studies outlined above,
additional evauation of locd tolerability may be needed pre-marketing. Otherwise, such
reactions should be monitored and recorded within immunogenicity trials.

6. Phar macovigilance plan

Within the authorisation procedure the applicant should present a pharmacovigilance plan / risk
management programme in accordance with current EU legidation and pharmacovigilance
guidelines. This should take into account risks identified during product development and
potential risks, especialy as regards immunogenicity, and should detail how these issues will be
addressed in post-marketing follow-up.

7. References

. Directive 2001/83/EC, as amended.

. Part I1 of the Annex | of Directive 2001/83/EC, as amended.

. Guideline on smilar biological medicinal products (CHMP/437/04/draft).

. Guideline on similar biological medicinal products containing biotechnology-derived
proteins as active substance: non-clinical and clinical issues
(EMEA/CPMP/42832/05/draft).

. Note for guidance on repeated dose toxicity (CPMP/SWP/1042/99).

. Note for guidance on toxicokinetics:. A Guidance for assessing systemic exposure in
toxicological studies' (CPMP/ICH/384/95).

. Note for guidance on non-clinica local tolerance testing of medicinal products
(CPMP/SWP/2145/00).
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. Note for guidance on clinical investigation of medicinal products in the treatment of
diabetes mellitus (CPMP/EWP/1080/02).
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1. Introduction

The Marketing Authorisation (MA) application dossier of a new recombinant human growth
hormone (rh-GH, somatropin) claimed to be similar to a reference product aready authorised
shall provide the demonstration of comparability of the product applied for to a reference
product authorised in the EU.

The principal bioactive human growth hormone (hGH) is a single chain non-glycosylated 191
amino acid, 22 kD polypeptide produced in the anterior pituitary gland. Growth hormone for
clinical use has an identical amino acid sequence and is produced by recombinant technology
using E. coli, mammalian cells or yeast cells as expression system. The structure and
biological activity of somatropin can be characterised by appropriate physico-chemical and
biological methods. Severa techniques and bioassays are available to characterise both the
active substance and product-related substances/impurities such as deaminated and oxidized
forms and aggregates.

Growth hormone has potent anabolic, lipolytic and anti-insulin effects (acute insulin-like
effect). The effects of GH are mediated both directly (e.g. on adipocytes and hepatocytes) and
indirectly via stimulation of insulin-like growth factors (principally 1GF-1). Somatropin-
containing medicinal products are currently licensed for normalising or improving linear
growth and/or body composition in GH-deficient and certain non GH-deficient states. The
same receptors are thought to be involved in all therapeutic indications of rhGHSs.

Somatropin has a wide therapeutic window in children during the growth phase whereas
adults may be more sensitive for certain adverse effects. Antibodies to somatropin have been
described, including neutralising antibodies. Problems have been associated with the purity
and stability of the formulations. Somatropin is administered subcutaneoudly; possible
patient-related risk factors of immune response are unknown.

2. Scope

The guideline on similar biological medicinal products containing biotechnology-derived
proteins as active substance: non-clinical and clinical issues (EMEA/CPM P/42832/05/draft)
lays down the general requirements for demonstration of smilar nature of two biological
products in terms of safety and efficacy.

This product specific guidance as an Annex to the above guideline presents the current view
of the CHMP on the application of the guideline for demonstration of comparability of two
recombinant human somatropin-containing medicinal products. The final set of studies
necessary to fulfill non-clinical and clinical requirements for a given medicinal product will
be determined by data generated by the comparability exercise itself.

This Guideline should be read in conjunction with the requirements laid down in the EU
Pharmaceutical legislation and with relevant CHM P guidelines (see section V1).

3. Non-clinical studies

Before going into clinical development, non-clinical studies should be performed. These
studies should be comparative in nature and should be designed to detect differences in the
response to the smilar biological medicinal product and the reference medicinal product and
should not just assess the response per se. The approach taken will need to be fully justified in
the non-clinical overview.
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3.1  Pharmacodynamics studies
In vitro studies:

In order to assess any aterationsin reactivity between the similar biological medicinal and the
reference product, data from a number of comparative bioassays (e.g. receptor-binding
studies, cell proliferation assays), many of which may aready be available from qudity-
related bioassays, should be provided.

In vivo studies:

An appropriate in vivo rodent mode (e.g. the weight-gain assay and/or the tibia growth assay
in immature hypophysectomized rats, data may aready be available from quality-related
bioassays) should be used to quantitatively compare the pharmacodynamic activity of the
similar biological medicinal and the reference product.

3.2  Toxicological studies

Data from at least one repeat dose toxicity study in a relevant species (e.g. rat) should be
provided. Study duration should be at least 4 weeks. The study should be performed in
accordance with the reguirements of the "Note for guidance on repeated dose toxicity"
(CPMP/SWP/1042/99) and include appropriate toxicokinetic measurements in accordance
with the "Note for guidance on toxicokinetics: A Guidance for assessing systemic exposurein
toxicological studies' (CPMP/ICH/384/95). In this context, specia emphasis should be laid
on the determination of immune responses.

Data on local tolerance in at least one species should be provided in accordance with the
"Note for guidance on non-clinica local tolerance testing of medicina products’
(CPMP/SWP/2145/00). If feasible, local tolerance testing can be performed as part of the
described repeat dose toxicity study.

Safety pharmacology, reproduction toxicology, mutagenicity and carcinogenicity studies are
not routine requirements for non-clinical testing of similar biological medicinal products
containing rhGH as active substance.

4, Clinical studies
4.1 Pharmacokinetic studies

The relative pharmacokinetic properties of the similar biological medicinal product and the
reference product should be determined in a single dose crossover study using subcutaneous
adminigtration. Healthy volunteers are considered appropriate but suppression of endogenous
GH production eg. with a somatostatin analogue should be considered. The relevant
pharmacokinetic parameters are AUC and t 1. Equivalence margins have to be defined a
priori and justified, primarily on clinical grounds.

4.2  Pharmacodynamic studies

IGF-1 is the preferred pharmacodynamic marker for the activity of somatropin and is
recommended to be used in comparative pharmacodynamic studies. In addition, other markers
such as IGFBP-3 may be used. On the other hand, due to the lack of a clear relationship
between serum IGF-1 levels and growth response, IGF-1 is not a suitable surrogate marker for
the efficacy of a somatropinin clinical trials.
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4.3  Clinicd efficacy studies

Equivaent therapeutic efficacy between the similar biological medicinal product and the
reference product should be demonstrated in at least one adequately powered, randomised,
parallel group, confirmatory clinical trial. Clinical studies should be preferably double-blind
to avoid bias. If thisis not possible, at minimum the person performing height measurements
should be masked to treatment allocation.

Sensitivity to the effects of somatropin is higher in GH-deficient that non-GH-deficient
conditions. Treatment-naive children with GH deficiency are therefore recommended as the
target study population as this would provide the most sensitive model. Study subjects should
be pre-pubertal before and during the comparative phase of the trial to avoid interference of
the pubertal growth spurt with the treatment effect. It is important that the study groups are
thoroughly balanced for basdline characteristics, as this will affect the sensitivity of the trial
and the accuracy of the endpoints.

Change in height velocity standard deviation score from baseline to the pre-specified end of
the comparative phase of the trial is the recommended primary efficacy endpoint while
change in height standard deviation score and change in height velocity are recommended
secondary endpoints.

For this purpose, standing height should be measured at least 3 times per subject and time
point and the results averaged for analyses. The use of a validated measuring device is
mandatory. Consecutive height measurements should be standardised and performed at the
same time of the day, by the same observer and the same measuring device. For the
determination of reliable baseline growth rates, it is important that also height measurements
during the pre-treatment phase are obtained in a standardised manner using a validated
measuring device.

Equivaence margins have to be justified, primarily on clinica grounds, taking into account
assay sensitivity of the proposed trial. Due to significant variability in short-term growth,
seasonal variability in growth and measurement errors inherent in short-term growth
measurements, the recommended duration of the comparative phase is at least 6 months and
may have to be up to 12 months.

Longer observation periods are particularly advisable if studies are performed in less sensitive
models, e.g. in children with reduced growth potential due to advanced age or bone age.

Calculation of pre-treatment growth rate should be based on observation periods of no less
than 6 and no more than 18 months.

5. Clinical safety

Data from patients in the efficacy trials usually comprise an adequate pre-marketing safety
database to assess the adverse event profile and detect excessive immunogenicity. The
applicant should provide comparative immunogenicity data of patients who participated in the
efficacy trials for 12 months at 3-month intervals, using validated assays of adequate
specificity and sensitivity. In addition, adequate blood tests including IGF-1, IGFBP-3,
fagting insulin and blood glucose should be performed.

The clinical impact of antibodies, if present, should be assessed.

6. Phar macovigilance plan

Within the authorisation procedure the applicant should present a pharmacovigilance plan/
risk management programme in accordance with current EU legislation and
pharmacovigilance guidelines. This should take into account risks identified during product
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development and potential risks, especially as regards immunogenicity, and should detail how
these issues will be addressed in post-marketing follow-up.

7. Extension of indication

Appropriate demonstration of efficacy and safety in one indication may allow extension to
other indications of the reference product if the mode of action is the same and if
appropriately justified by current scientific knowledge.

8. References

. Directive 2001/83/EC, as amended.

. Part |1 of the Annex | of Directive 2001/83/EC, as amended.

. Guideline on similar biological medicinal products (CHMP/437/04/dr&ft).

. Guiddine on similar biological medicinal products containing biotechnology-derived
proteins as active substance: non-clinical and clinical issues (EMEA/CPM P/42832/05/draft).

. Note for guidance on repeated dose toxicity (CPMP/SWP/1042/99).

. Note for guidance on toxicokinetics: A Guidance for assessing systemic exposure in
toxicological studies (CPMP/ICH/384/95).

. Note for guidance on non-clinical locale tolerance testing of medicinal products
(CPMP/SWP/2145/00).
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1. I ntroduction

The marketing authorisation application dossier of a new recombinant Granulocyte Colony-stimulating
Factor (rG-CSF) claimed to be similar to a reference product already authorised in the EU shall provide
the demonstration of comparability of the product applied for to this reference product.

Human G-CSF is a single polypeptide chain protein of 174 amino acids with O-glycosylation at one
threonine residue. Recombinant G-CSFs produced in E. cali (filgrastim) and in CHO (lenograstim) are
in clinical use Compared to the human and to the mammalian cell culture derived G-CSF, the E. coli
protein has an additional amino-terminal methionine and no glycasylation. TherG-CSF protein contains
one free cysteinyl residue and two disulphide bonds. Physico-chemical and biological methods are
available for characterisation of the protein.

Effects of G-CSF on the target cdls are mediated through its transmembrane receptor that forms homo-
oligomeric complexes upon ligand binding. Severa isoforms of the G-CSF receptor arising from
alternative RNA splicing leading to differences in the intracytoplasmic sequences have been isolated.
One soluble isoform is known. However, the extracelular, ligand-binding domains of the known
isoforms are identical. Consequently, the effects of rG-CSF are mediated via a single affinity class of
receptors.

Antibodies to the currently marketed E. coli derived rG-CSF occur infrequently. These have not been
described to have major consequences for efficacy or safety. RG-CSF is administered subcutaneoudy or
intravenously. Possible patient-related risk factors of immune response are unknown.

2. Scope

The guiddine on similar biological medicinal products containing biotechnology-derived proteins as
active substance: non-clinical and clinical issues (EMEA/CHM P/42832/05/draft) lays down the general
requirements for demonstration of similar nature of such biological products in terms of safety and
efficacy.

This product-specific guidance is an annex to the above-mentioned guiddine. It presents the current
view of the CHMP on the application of the main guiddine for demonstration of comparability of two
rG-CSF-containing medicinal products. The final set of studies necessary to fulfil non-clinical and
clinical requirements for a given medicinal product will be determined by data generated by the
comparability exercise itsdlf.

This Guiddine should be read in conjunction with the requirements laid down in the EU Pharmaceutical
legislation and with rdlevant CHMP guiddines (see section 7).

3. Non-clinical studies

Before going into clinical development, non-clinical studies should be performed. These studies should
be comparative in nature and should be designed to detect differences in the response to the similar
biological medicinal and the reference medicinal product - not just the response per se. The approach
taken will need to be fully justified in the non-clinical overview.

31 Phar macodynamics studies
Invitro studies:

At the receptor level, comparability of test and reference medicinal product should be demonstrated in
appropriate in vitro receptor-binding assays. Such data may already be available from bioassays that
were used to measure potency in the evaluation of biological characteristics in module 3. It is important
that assays used for comparability will have appropriate sensitivity to detect differences and that
experiments are based on a sufficient number of dilutions per curve to fully characterise the
concentration-response relationship.

In vivo studies:
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In vivo rodent modds, neutropenic and non-neutropenic, should be used to compare the
pharmacodynamic effects of thetest and the reference medicinal product.

3.2 Toxicological studies

Data from at least one repeat dose toxicity study in a relevant species should be provided. Study
duration should be at least 28 days. The study should be performed in accordance with the requirements
of the "Note for Guidance on Repeated Dose Toxicity" (CPMP/SWP/1042/99) and include (i)
pharmacodynamic measurements and (ii) appropriate toxicokinetic measurements in accordance with
the "Note for Guidance on Toxicokinetics: A Guidance for assessing systemic exposure in toxicological
studies" (CPMP/ICH/384/95). In this context, special emphasis should be laid on the determination of
immunogeni ¢ responses.

Data on local tolerance in at least one species should be provided in accordance with the "Note for
Guidance for Non-clinical Local Tolerance Testing of Medicinal Products' (CPMP/SWP/2145/00). If
feasible, local tolerance testing can be performed as part of the described repeat dose toxicity study.

Safety pharmacology, reproduction toxicology, mutagenicity and carcinogenicity studies are not routine
requirements for non-clinical testing of similar biological medicinal products containing recombinant G-
CSF as active substance.

4, Clinical studies
4.1 Phar macokinetic studies

The rdative pharmacokinetic properties of the similar biological medicinal product and the reference
product should be determined in single dose crossover studies using subcutaneous and intravenous
administration. The primary PK parameter is AUC and the secondary PK parameters are Cyicand T1/2,
The general principles for demonstration of bioequivalence should apply.

4.2 Phar macodynamic studies

The absolute neutrophil count (ANC) is the rdevant pharmacodynamic marker for the activity of r-G-
CSF. The pharmacodynamic effect of the test and the reference products should be compared in healthy
volunteers. The sdlected dose should be in the linear ascending part of the dose-response curve. Studies
at more than one dose level may be useful. The CD34" cdl count should be reported as a secondary PD
endpoint. The equivalence range should be justified.

4.3 Clinical efficacy studies
rG-CSF can be used for several purposes such as:

- Reduction in the duration of neutropenia after cancer chemotherapy or myeloablative therapy
followed by bone marrow transplantation.

- Mobilisation of peripheral blood progenitor cells (PBPCs);
- For treatment of severe congenital, cyclic, or idiopathic neutropenia

- Treatment of persistent neutropenia in patients with advanced human immunodeficiency
virus (HIV) infection

The posology varies in these conditions.

The recommended clinical mode for the demonstration of comparability of the test and the reference
product is the prophylaxis of severe neutropenia after cytotoxic chemotherapy in a homogenous patient
group. This modd requires a chemaotherapy regimen that is known to induce a severe neutropenia in
patients. A two-arm therapeutic equivalence study is sufficient in chemotherapy modds with known
frequency of severe neutropenia where reference product is indicated. If other chemotherapy regimens
are used, athree arms trial, including placebo, may be needed. The sponsor must justify the equivalence
ddta for the primary efficacy variable, the duration of severe neutropenia (ANC below 0.5 x 10%1). The
incidence of febrile neutropenia, infections and the cumulative r-G-CSF dose are secondary variables.
Themain emphasis is on the first chemotherapy cycle.
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Demonstration of the equivalence in the chemotherapy-induced neutropenia model will allow the
extrapolation of the results to the other indications of the reference product if the mechanism of actionis
the same

Alternative models, including pharmacodynamic studies in healthy volunteers, may be pursued for the
demonstration of comparability if justified. In such cases, the sponsor should seek for scientific advice
for study design and duration, choice of doses, efficacy / pharmacodynamic endpoints, and equivalence
margins.

5. Clinical safety

Safety data should be collected from a cohort of patients after repeated dosing preferably in a
comparative clinical trial. The total exposure should correspond to the exposure of a conventional
chemotherapeutic treatment course with several cycles. Thetotal follow up of patients should be at least
6 months. The number of patients should be sufficient for the evaluation of the adverse effect profile,
including bone pain and laboratory abnormalities. Immunogenicity data should be collected according to
the principles described in the “Guideine on similar biological medicina products containing
biotechnology-derived  proteins as active substances non-clinical and clinical  issues’
(EMEA/CPMP/42832/05/draft).

6. Phar macovigilance plan

The sponsor has to present a pharmacovigilance plan to address immunogenicity and potential rare
serious adverse events. Special attention should be paid on immunological adverse events in patients
with chronic administration.

7. References

. Directive 2001/83/EC, as amended.

. Part |1 of the Annex | of Directive 2001/83/EC, as amended.

. Guiddine on similar biological medicina products (CHMP/437/04/)

. Guiddine on similar biological medicina products containing biotechnology-derived
proteins as active substance: non-clinical and clinica issues
(EMEA/CHMP/42832/05/draft).

. Note for guidance on repeated dose toxicity (CPMP/SWP/1042/99).

. Note for guidance on toxicokinetics: A Guidance for assessing systemic exposure in toxicological

studies" (CPMP/ICH/384/95).

. Note for guidance on non-clinical loca tolerance testing of medicina products
(CPMP/SWP/2145/00).
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1. Introduction

The Marketing Authorisation (MA) application dossier of a new recombinant erythropoietins claimed
to be similar to a reference product aready authorised shdl provide the demonstration of
comparability of the product applied for to areference product authorised in the EU.

Human erythropaoiein is a 165 amino acid glycoprotein produced in the kidneys and is responsible for
the stimulation of red blood cel production. Erythropoietin for clinical use is produced by
recombinant DNA technology (Epoetin) using mammalian cells as expression system.

All epoetinsin clinical use have asimilar amino acid sequence as endogenous erythropoietin but differ
in the glycosylaion pattern. Glycosylation is a membrane-bound post-translational process which
influences pharmacokinetics and may affect efficacy and safety, particularly immunogenicity.

Epoetin-containing medicinal products are currently indicated for severa conditions such as anaemia
in patients with chronic rena failure, chemotherapy-induced anaemia in cancer patients, and for
increasing the yield of autologous blood from patients in a pre-donation programme. The mechanism
of action of epoetin is the samein al currently approved indications but the doses required to achieve
the desired response may vary considerably and are highest in the oncology indications. Epoetin can
be administered intravenously and subcutaneously.

Recombinant erythropoietins have a rel atively wide therapeutic window and are usualy well tolerated
provided that the stimulation of bone marrow is controlled by limiting the amount and rate of
haemoglobin increase. The rate of haemoglobin increase may vary considerably between patients and
is dependent not only on the dose of epoetin but also other factors such as iron stores, basdine
haemogl obin, and the presence of concurrent medical conditions.

Exaggerated pharmacodynamic response may result in hypertension and thrombotic complications.
Moreover, pure red cell aplasia (PRCA), due to neutralising anti-erythropoietin antibodies, has been
observed in renal anaemia patients treated with subcutaneously administered epoetin, Because
antibody-induced PRCA is avery rare event and usually takes months to years of epoetin treatment to
devel op, such events are difficult to be picked up in pre-authorisation studies.

2. Scope

The guiddine on similar biological medicinal products containing biotechnology-derived proteins as
active substance: non-clinical and clinical issues (EMEA/CPMP/42832/05/draft) lays down the
general requirements for demonstration of similar nature of two biological products in terms of safety
and efficacy.

This product specific guidance as an Annex to the above guidedine presents the current view of the
CHMP on the gpplication of the guiddine for demonstration of comparability of two recombinant
human erythropoietin medicinal products. The final set of studies necessary to fulfill non-clinical and
clinical requirements for a given medicinal product will be determined by data generated by the
comparability exerciseitsdf.

This Guiddine should be read in conjunction with the requirements laid down in the EU
Pharmaceutical legislation and with rdlevant CHMP guidelines (see section 8).

3. Non-clinical studies

Before going in dinical deve opment, non-clinica studies should be performed. These studies should
be comparative in nature and should be designed to detect differences in response to the similar
biological medidinal product and the reference medicinal product and not just the response per se. The
approach taken will need to be fully jugtified in the non-clinical overview.

31 Phar macodynamics studies
Invitro studies:

In order to assess any aterationsin reactivity between the similar biological medicina product and the
reference medicina product, data from a number of comparative bioassays (e.g. receptor-binding
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studies, cdl proliferation assays), many of which may aready be available from quality-related
bi cassays, should be provided.

In vivo studies:

The erythrogenic effects of similar biological medicina product and the reference medicinal product
should be quantitatively compared in an appropriate animal assay (e.g. the European Pharmacopoei a
polycythaemic and/or normocythaemic mouse assay; data may be aready available from quality-
related bioassays). Additional information on the erythrogenic activity may be obtained from the
described repeat dose toxicity study.

3.2 Toxicological studies

Data from at least one repeat dose toxicity study in a rdevant species (e.g. rat, dog) should be
provided. Study duration should be at least 3 months. The study should be performed in accordance
with the requirements of the "Note for Guidance on Repeated Dase Toxicity" (CPMP/SWP/1042/99)
and include (i) pharmacodynamic measurements (i.e. effects on erythrogenic parameters like e.g.
haemoglobin leve, haematocrit, red blood cell count) and (ii) appropriate toxicokinetic measurements
in accordance with the "Note for Guidance on Toxicokinetics: A Guidance for assessing systemic
exposure in toxicological studies" (CPMP/ICH/384/95). In this context, special emphasis should be
laid on the determination of immunogeni ¢ responses.

Data on locd tolerance in at least one species should be provided in accordance with the "Note for
Guidance for Non-clinical Loca Tolerance Testing of Medicina Products® (CPMP/SWP/2145/00). |If
feasible locd tolerance testing can be performed as part of the described repeat dose toxicity study.

Safety pharmacology, reproduction toxicology, mutagenicity and carcinogenicity studies are not
routine reguirements for non-clinical testing of similar biological medicind products containing
recombinant human erythropoi etin as active substance.

4, Clinical studies
4.1 Phar macokinetic studies

The reative pharmacokinetic properties of the similar biologica medicinal product and the reference
product should be determined in single dose crossover studies using subcutaneous and intravenous
administration. Healthy volunteers are considered an appropriate study population. The primary PK
parameter is AUC and the secondary PK parameters are Cnax and T1/2. Equivalence margins have to
be defined apriori and justified, primarily on dinical grounds.

4.2 Pharmacodynamic studies

Reticulocyte count is a redevant pharmacodynamic marker for the activity of epoein and
recommended to be used in comparative pharmacodynamic studies. On the other hand, reticulocyte
count is not an established surrogate marker for efficacy of epoetin and therefore no suitable endpoint
inclinical trials.

4.3 Clinical efficacy studies

Equivalent therapeutic efficacy between the similar and the reference product should be demonstrated
in at least two adequatdly powered, randomised, parallel group clinical trials.

Confirmatory studies should preferably be double-blind to avoid bias. If this is not possible, at
minimum the person(s) involved in decision-making (e.g. dose adjustment) should be blinded to
treatment allocation.

Sengitivity to the effects of epoetin is higher in erythropoietin-deficient than non erythropoietin-
deficient conditions and is also dependent on the responsiveness of the bone marrow. Patients with
renal anaemia are therefore recommended as the target study population as this would provide the
most sensitive modd.

The dinical trials should include a ‘titration phase study during anaemia correction and a
‘mai ntenance phase’ study in patients on epoetin maintenance therapy.
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A ‘titration phase’ study is important to determine response dynamics and dosing during the anaemia
correction phase. It should only include treatment naive patients or previously treated patients after a
suitably long epoetin -free period (at least 3 months). The comparative phase should be at least 12
weeks in order to establish therapeutic equival ence of the similar and the reference product.

The study design for a maintenance study should minimise basdine heterogeneity and carry over
effect of previous treatments. It is recommended to include in a maintenance phase study patients
optimally titrated on the reference product (stable haemoglobin in the target range on stable epodtin
dose and regimen) for a least three month. Thereafter, study subjects should be randomised to the
similar or the reference product and followed up for of a least three month. A longer period
comparative phase (e.g. 6 month) will be needed if basdline treatment heterogeneity and carry over
effects cannot be excluded.

To avoid confounding factors, participating patients in either study should not have been receiving red
blood cdll transfusions for an appropriate length of time prior to the treatment phase.

In the course of these studies, epoetin doses should be closdy titrated to achieve and maintain
haemoglobin concentrations. The protocol should clearly pre-define the haemogl obin changes that will
demand a change in the dose of epoetin.

Preferably, ‘haemoglobin responder rat€ (proportion of patients achieving a pre-specified
haemoglobin target in the ‘titration phase study’) or ‘ haemoglobin maintenance rete (proportion of
patients maintaining haemoglobin levels within a pre-specified range in the ‘maintenance phase
study) and epoetin dosage should be co-primary endpoints. The fact that epoetin dose is titrated to
achieve the desired response reduces the sensitivity of the haemoglobin-targeted endpoints to detect
possible differences in the efficacy of the treatment arms. The need of combined end points should
therefore be considered but knowing that this reduces the sensitivity of trial. Regardless of the
endpoint definition, any relevant difference in the used dose would contradict the assumption of
similarity.

Transfusion reguirement should be ind uded as secondary endpoint.

Due to different epoetin doses necessary to achieve target haemoglobin leve in pre-dialysis and
dialysis patients, these two populations should be investigated in separate studies.

Therapeutic equivalence has to be demonstrated for both routes of administration. This is best
achieved by performing separate studies (e.g. a ‘titration phase€ s.c. study in a pre-dialysis population
and a‘ maintenance phase i.v. study in a haemodialysis population).

5. Clinical safety

Safety data from at least 300 patients treated with the similar biological medicina product in the
efficacy trials is considered sufficient to provide an adegquate pre-marketing safety database and to
exclude excessive immunogenicity.

The applicant should provide at least 12-month immunogenicity data in patients treated with the
similar biologicd medicina product. In this respect, retention samples for both ‘titration’ and
‘maintenance’ studies are recommended. For detection of anti-epoetin antibodies, a validated, highly
sensitive assay should be used.

6. Phar macovigilance plan

The sponsor has to present a pharmacovigilance plan to address immunogenicity and potentia rare
serious adverse events. Specia attention should be paid on the possibility of antibody-induced PRCA
and immune-rel ated adverse events.

For those indications where higher epoetin doses are required additional safety data should be
generated.
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7. Extension of indication

Appropriate demonstration of efficacy and safety in the most sensitive clinical mode (rena failure),
may alow extension to other indications of the reference product if the mode of actionis the same and
if gppropriatdy justified by current scientific knowledge.

8. References

. Directive 2001/83/EC, as amended.

. Part Il of the Annex | of Directive 2001/83/EC, as amended.

. Guideline on similar biologicd medicina products (CHMP/437/04/)

. Guiddine on similar biologica medicinal products containing biotechnol ogy-derived
proteins as active substance non-clinical and clinical issues
(EMEA/CPMP/42832/05/draft).

. Note for guidance on repeated dose toxicity (CPMP/SWP/1042/99).

. Note for guidance on toxicokineticss. A Guidance for assessing systemic exposure in
toxicologica studies' (CPMP/ICH/384/95).

. Note for guidance on non-clinical local tolerance testing of medicind products
(CPMP/SWP/2145/00).
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Programme Overview
Programme Co-Chairpersons Patent and data protection for bio-pharmaceuticals have just expired or are about to expire in Europe,
‘ . opening the way to new versions of these products, known as similar biological medicinal products
Pekka Kurki, Chairman of the CHMP Similar (‘biosimilars’). The Regulatory authorities have recognized that biosimilars differ from generic low
Biological Medicinal Products Working Party, lecul iaht d . . rtant These include the si d lexity of the acti b-
Netere) Agenay e edlidnes, [l molecular weight drugs in many important ways. These include the size and complexity of the active su
T stance, which will affect the scientific requirement for testing; the nature of the starting materials (cell
arisa Fapaluca-Amatl, ’ banks, tissues, and other biological products); the complexity of the manufacturing processes; and the
Nicolas Rossignol, EU Commission, Belgium limitations of state-of-the-art methods to characterize proteins and to detect all product variations that can
affect side effects, clinical efficacy, or inmunogenicity. Therefore, the established legal and regulatory
principles of ‘essential similarity’ or ‘bioequivalence’ that are applied to standard generics cannot be
readily applied to biosimilars.

Jean-Hugues Trouvin, Chairman of the CHMP
Biologics Working Party, Afssaps, France

Programme Committee A new legal basis for evaluating and approving similar biological medicinal products in Europe was estab-
lished with Directive 2001/83/EC of 6 November 2001, as amended by Directive 2003/63/EC of 25 June,
2003, which entered into force on 1 July, 2003. Further developments were brought with the “Pharma
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Biotechnology SIAC, Johnson & Johnson PRD, UK be transposed by member states before 30 October, 2005.
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a guideline on similar biological medicinal products (CHMP/437/2004) and four concept papers on the
development of similar biological medicinal products containing r-DNA granulocyte colony stimulating
Sandy Eisen, EGA, Teva, UK factors, insulin, growth hormones and erythropoietin. In March 2005, the CHMP released for consultation
the guideline on the quality issues to be considered for the development of similar biological medicinal
products (EMEA/CHMP/BWP/49348/2005) and in May 2005, the guideline on the non-clinical and clinical
Christine-Lise Julou, EFPIA, Belgium issues to be considered for the development of similar biological medicinal products
(EMEA/CHMP/42832/2005) as well as guidelines for the development of similar biological medicinal
products containing recombinant human insulin (EMEA/CHMP/32775/2005) and Somatropin

RELC [V E T T CLEIARIEWEN\ el A EelylyliRiell (E\|EA/CHMP/94528/2005). Further EMEA/CHMP guidelines for the development of similar biological
Europe, F. Hoffmann-La Roche, Switzerland medicinal products containing recombinant human granulocyte colony stimulating factor

Michel Mikhail, EGA, Ranbaxy, UK (EMEA/CHMP/31329/05) and recombinant human erythropoietin (EMEA/CHMP/94526/05), were released
for consultation in June 2005.

Jon Faragher, EBE, Belgium

Suzette Kox, EGA, Belgium

Anders Olauson, European Patient Forum, The

Agrenska Foundation, Sweden . .
J Workshop Objectives
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Tim Oldham, EGA, Mayne Pharma plc, UK

Andrea Rappagliosi, EuropaBio, Serono International
SA, Switzerland ¢ Provide an update on the EU regulatory framework and the recently released EMEA/CHMP guidelines on
similar biological medicinal products: overarching guideline, quality and (non) clinical guidelines, guide-
lines for the development of similar biological medicinal products containing r-DNA granulocyte colony
stimulating factors, insulin, erythropoietin and growth hormones
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: . Authorization Application for similar biological medicinal products
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¢ Highlight prospective conclusions - how the future will look following the finalisation of the

G roup Discount available guidelines? Which tools do we have to ensure safe and effective use of similar biological
send 3, the 4th is FREE! medicinal products?

¢ Highlight the evolving scientific factors influencing the review, risk management and
post-marketing surveillance of similar biological medicinal products
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Summary and Conclusions

Coffee Break

Session 3
IMMUNOGENICITY

Session Chairperson:

Pekka Kurki, Chairman of the CHMP Similar Biological
Medicinal Products Working Party, National Agency for
Medicines, Finland

Academia Point of View

- Clinical Aspects

Nicole Casadevall, Service d’Hérmatologie Biologique, HOTEL
DIEU, France

- Analytical Methods Available: State of the Art

Robin Thorpe, National Institute for Biological Standards and

Control (NIBSC), UK

Innovator Point of View
Adrian Thomas, EBE/EuropaBio, Johnson & Johnson PRD, USA

Generic Point of View
Sandy Eisen, EGA, Teva, UK

Summary and Conclusions

Reception

End of Day 1
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08:30

10:00

10:30

12:00

13:00

14:30

Session 4

GUIDELINE FOR THE DEVELOPMENT OF SIMILAR BIO-
LOGICAL MEDICINAL PRODUCTS CONTAINING DNA-
RECOMBINANT INSULIN

Session Chairperson:
Eric Abadie, CHMP Vice-Chair, Afssaps, France

Innovator Point of View
Inger Mollerup, EBE/EuropaBio, Novo Nordisk A/S, Denmark

Generic Point of View
Jozef Drzewoski, EGA, University of Lodz, Poland

Round Table Questions and Answers

Summary and Conclusions

Coffee Break

Session 5

GUIDELINE FOR THE DEVELOPMENT OF SIMILAR BIO-
LOGICAL MEDICINAL PRODUCTS CONTAINING DNA-
RECOMBINANT GRANULOCYTE COLONY STIMULATING
FACTORS

Session Chairperson:
Christian Schneider, Paul-Ehrlich-Institut, Germany

Innovator Point of View
William Sheridan, EBE/EuropaBio, Amgen Inc., USA

Generic Point of View
Carey Bowker, EGA, C H Bowker Associates, UK

Round Table Questions and Answers

Summary and Conclusions

Lunch Break

Session 6

GUIDELINE FOR THE DEVELOPMENT OF SIMILAR BIO-
LOGICAL MEDICINAL PRODUCTS CONTAINING DNA-
RECOMBINANT ERYTHROPOIETIN

Session Chairperson:
Mira Pavlovic, Afssaps, France

Innovator Point of View
Adrian Thomas, EBE/EuropaBio, Johnson & Johnson PRD, USA

Generic Point of View
Paul Chamberlain, EGA, MDS Pharma Services, UK

Round Table Questions and Answers

Summary and Conclusions

Coffee Break

15:00

16:30

17:00

18:00

Session 7

GUIDELINE FOR THE DEVELOPMENT OF SIMILAR BIO-
LOGICAL MEDICINAL PRODUCTS CONTAINING DNA-
RECOMBINANT GROWTH HORMONES

Session Chairperson:
Martina Weise, BfArM, Germany

Innovator Point of View
Raf Crabbe, EBE/EuropaBio, Serono Intl. SA, Switzerland

Generic Point of View
Robert Zeid, EGA, TLI Development, USA

Round Table Questions and Answers

Summary and Conclusions

Coffee Break

Session 8
THE WAY FORWARD

Session Chairperson:

Pekka Kurki, Chairman of the CHMP Similar Biological
Medicinal Products Working Party, National Agency for
Medicines, Finland

Panel Discussion with all Stakeholders

- How to build a collaborative approach with stakeholders to
support effective and safe entry of biosimilars into the
market in Europe

- Any further guidance is warranted?

Discussants:

Nicolas Rossignol, EU Commission, Belgium

Eric Abadie, CHMP Vice-Chair, Afssaps, France
Jean-Hugues Trouvin, Chairman of the CHMP Biologics
Working Party, Afssaps, France

Pekka Kurki, Chairman of the CHMP Similar Biological
Medicinal Products Working Party, National Agency for
Medicines, Finland

Daan J. A. Crommelin, Dean of the Faculty of
Pharmaceutical Sciences, Utrecht University, The Netherlands
Healthcare Professional Representative invited

Roger Tredree, Hospital Pharmacists section of International
Pharmaceutical Federation, St. George’s Hospital London, UK
Anders Olauson, European Patient Forum, The Agrenska
Foundation, Sweden

Tim Oldham, EGA, Mayne Pharma plc, UK

Kenneth B. Seamon, EBE/EuropaBio, Amgen Inc., UK

End of the Conference
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