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Biologics 0 by Chow SCpublished in 2013 by Chapman and Hall/CRCPress
Taylor & Francis, New York,

A and the 3rd edition of the book entitled fDesign and Analysis of
Bioavailability = and Bioequivalence Studies 0 by Chow SCand Liu JP
published in 2008 by Chapman and Hall/CRC Press, Taylor & Francis, New
York.
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E Copyrights: This presentation and its content are owned by Shein-Chung Chow, PhD and are protected by
copyright laws and international treaty provisions. Reproduction of any material on this lecture is only authorized
for exclusive information for strictly personal and private use. Any reproduction and/or representation of all or part
of the lecture, or any of the elements that compose it, on any media whatsoever, for any other purpose, including
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THE FIRST ANNUAL BIOSIMILARS FORUM
Budapest, Hungary, October 6-7, 2016

Design and Analysis of Biosimilar Studies

Lecture 1: AssessindBiosimilarity : Issues and Recent Development

Lecture 2: Assessing Interchangeability: Issues, Designs and Statistical
Methods

Lecture 3: Analytical Similarity Assessment inBiosimilar Studies
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Fellow, American Statistical Association, USA
Editor-in-Chief, Journal Biopharmaceutical Statistics and Drug Designing
Editor-in-Chief, Biostatistics Book Series, Chapman and Hall/CRC Press
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Author or co-author of over 280 methodology papers and 24 books

including Biosimilars: Design and Analysis of Follow-on Biologics

m DukeMedicine 4



Design and Analysis of Biosimilar Studies
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Analytical Similarity Assessment
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Outline m

A Background
| BPCI 6s definition of bio
I Stepwise approach
I Recent regulatory submission
A Analytical similarity assessment
I Classification of critical quality attributes

I Three-tier approach
A Equivalence test for Tier 1 CQAs
A Quality range approach for Tier 2 CQAS
ARaw data and graphical comparison for Tier 3
CQAs
A F D A éusrent thinking on Tier approach
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Recall m

BPCI 6s def il ni ti1 on

A biosimilar product:

Is highly similar to the reference product
notwithstanding minor differences in clinically
Inactive components

There are no clinically meaningful differences
In terms of safety, purity and potency.

US BPCI Act, 2009

m DukeMedicine



scientific factors

« Highly similar and minor difference
— Degree of similarity
 Clinical meaningful difference?
— Equivalence limit = non-inferiority margin
— How to determination non-inferiority margin?
— Non-inferiority # equivalence
 How many biosimilar studies are required?
— Safety (PK/PD, safety/tolerability, immunogenicity)
— Purity (analytical similarity in critical quality attributes)
— Potency (efficacy)

 How to assess biosimilarity?
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FDAOS guil dance

A FDA published three draft guisances on biosimilars in
2012 (finalized in early 2015)

I Scientific considerations in demonstrating biosimilarity to a
reference product

I Quality considerations in demonstrating biosimilarity to a
reference protein product

I Biosimilars: questions and answers regarding
iImplementation of the BPCI Act of 2009

A FDA recommends using stepwise approach in order to
provide totality-of-the-evidence for demonstrating
biosimilarity

AFDAOG6Gs dr af t angyicabseniladty assessment
IS to be circulated for comments any time soon.
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stepwise approach

A Analytical studies
I Critical quality attributes at various stages of
manufacturing process
A Animal studies
I The assessment of toxicity
A Clinical pharmacology
I Pharmacokinetics (PK) or pharmacodynamics
(PD)
A Clinical studies
I The assessment of immunogenicity
I Safety/tolerability
I Efficacy
m DukeMedicine
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Stepwise approach for obtaining
totality-of-the-evidence

Clinical Efficacy and Safety

/ Immunogenicity \\
Clinical
Pharmacology
Animal Studles
(Toxicology)
Analytical Studies
(Structural/Functional characteristic)
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rl.) U.S. Food and Drug Administration
IDA_ Protecting and Promoting Public Health

www.fda.gov

Recent regulatory submissions at FDA

Current status of biosimilar reviewers

A In total, FDA/CDER ha$ biosimilar BLA
submissions and about a hundred PIND/IND
submissions.

A 2 Approved biosimialr products: Zarxio (biosimilar
to Neupogen and Inflectra (biosimilar to
Remicadg

A A few pending biosimilar BLAs are under review:
the reference products areHumira, Enbrel,
Neulastg

2016 DIA/FDA Statistics Forum- Dr. Yi Tsong



First regulatory submission at
US FDA

A Sandoz biosimilar filgrastim recommended for
approval by FDA Oncologic Drugs Advisory
Committee (ODAC) on January 7, 2015, which was
subsequently approved by the FDA on March 6,
2015

A Biosimilar filgrastim recommended to be approved
for use in all requested indications in the reference
product's ( Amgen's Neupogen E) label.

A Committee's recommendation based on review of
extensive data from analytical, non-clinical, clinical
studies and post-marketing pharmacovigilance.
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FDA recommended 3-tier m

approach

A Classification of critical quality attributes (CQAS) into
three tiers according to their criticality or risking
ranking relevant to clinical outcomes

A An appropriate statistical model or scoring system
based on

I mechanism of action (MOA) or

I pharmacokinetic/pharmacodynamics (PK/PD)
I Information available in the literature

should be used whenever possible
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U.S. Food and Drug Administration
Protecting and Promoting Public Health

FOA

www.fda.gov

FDA recommended 3-tier approach
£ Analytical similarity study:
Z (haracterize the proposedbiosimilar and its reference product

Z Tests fora number ofquality attributes (QA);

Quality Attribute Methods
Primary structure o N-terminal sequencing
e Peptide mapping with UV and MS
detection Quality Attribute Methods
e Protein molecular mass by ESI MS
e Protein molecular mass MALDI-TOF MS Sequence variants: e RP-HPLC
Stru Cture * DNA sequencing of construct cassette His=>GlIn o LC/MS
* Peptide mapping coupled with MS/MS Asp=>Glu
Bioactivity e Proliferation of murine myelogenous Thr=>Asp
leukemia cells (NFS-60) Succinimide species e RP-HPLC
Receptor binding e Surface Plasmon Resonance o LC/MS
Functlonal Prot.em content ° RP-HPLC Phosphoglucunoylation ¢ LC/MS
Clarity o Nephelometry -
— - - - - Acetylated species e LC/MS
Sub-visible particles & Micro flow imaging - -
Assay Higher Order Structure e Far and Near UV circular dichroism N-terminal truncated variants | e LC-MS/MS
o ' nuclear magnetic resonance Norleucine species ¢ RP-HPLC
o 'H-°N heteronuclear single guantum ¢ LC/MS
P hyS | CO _ coherence spectroscopy Deamidated species ¢ RP-HPLC
. e LC-MS (disulfide bond) e LC/MS
Chem|ca| High molecular weight | ¢ Size exclusion chromatography e |EF
. variants/aggregates ¢ Reduced and non-reduced SDS-PAGE e CEX
Attrl bUteS Oxidized species e RP-HPLC
e LC/MS
Covalent dimers e LC/MS
Partially reduced e LC/MS
species
fMetl species ® RP-HPLC .
. Loms Reference: BLA 125553

The 2015 Duke-Industry Statistics Symposium 1 Dr. Yi Tsong




rl.) U.S. Food and Drug Administration
ID/A_\ Protecting and Promoting Public Health

www.fda.gov

FDA recommended 3-tier approach

Z The Tiered Approach (OB & OBP):

Z QAs are assigned to different tiers based on its criticality;
Z Different statistical/quantitative approaches are applied to each

tier;
Tier 1 7 Critical QAs
Statistical Equivalence Testing
Statistical Tier 2 z Less Critical QAs
Rigor

Quality Range Method:

Tier 3 z Least Critical QAs:
Raw Data/Graphical Comparison

The 2015 Duke-Industry Statistics Symposium i Dr. Yi Tsong



Summary I analytical similarity
assessment

A Identify critical quality attributes (CQAS) which are
relevant to clinical outcomes

I Focus on structural/functional assays and
physicochemical attributes
A Based on MOA and/or PK/PD, classify the identified

CQAs into the following tiers depending upon their
criticality (or risk ranking)

I Tier 1. most relevant

I Tier 2: mild to moderate (less) relevant

I Tier 3: least relevant

m DukeMedicine
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Summary of m

analytical similarity assessment

A Tier 1 CQAs
I Most relevant to clinical outcomes
I Equivalence test
A Tier 2 CQAs
I Mild-to-moderate relevant to clinical outcomes
I Quality range approach
A Tier 3 CQAs
I Least relevant to clinical outcomes
I Raw data and graphical comparison

m DukeMedicine
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Equivalence test for Tier 1 CQASs

Interval hypotheses:
Hy: pip — g < —0 or Ur —pp 20,

where 0 > 0 1s the equivalence limit (or
similarity margin), and yr and pg are the mean
responses of the test (proposed biosimilar)
product and the reference product lots,
respectively.
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Equivalence test for Tier 1 CQASs

A Analytical equivalence (similarity) is
concluded if the null hypothesis of
Inequivalencedissimilarity) Is rejected.

A Similar to the confidence interval approac
for bioequivalence testing under the raw

N
ata

model, analytical similarity would be accepted
for the quality attribute if the €2 U) 1 0 0 %

two-sided confidence interval of the mean
difference is within{ 4, U).

m DukeMedicine
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Equivalence test for Tier 1 CQASs

* Under the null hypothesis, FDA indicates that
the equivalence limit (similarity margin), o,
would be a function of the variability of the
reference product (o3).

e Op can be estimated based on some sampled
lots randomly selected from a pool of
reference lots for the statistical equivalence
test.

 FDA recommends 0 = ¢ * op

m DukeMedicine
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EAC m

(equivalence acceptance criterion)

 FDA recommends EAC = + ¢ * o

* FDA further recommends ¢ = 1.5, which is
considered a regulatory constant for equivalence
test for Tier 1 CQAs

 Thus, EAC = +1.5 * g, where o can be estimated
from available reference lots

« Sample size

— How many lots should be used (i) for estimation of oz and
(if) for achieving a desired power for establishment of
analytical similarity?

m DukeMedicine
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Justification of EAC = 1.5 x g

» Recall criterion for IBE( (individual
bioequivalence equivalence)

2 2 2
7= (Ur—HR)*+05+(OWR—TirT)
max(oé, of, r)
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Justification of EAC = +1.5 * g

e Step 1. We start with

0.8=0,<ur—pug <oy = 1.25,

where ur and up are reference mean and test mean (in
log-scale), respectively.

e Step 2. For drug products with large variabilities (1.e.,
highly variable drug products), FDA recommends scaled
average bioequivalence (SABE) criterion by adjusting the
above bioequivalence limits for variability of the
reference product (Haidar et al., 2008; Tothfalusi et al.,
2009). This gives

0-8O-R=6L*O-RSHT_HRSaU*JR=1-25*JR
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Justification of EAC = +1.5 * g
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