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Outlines

 Points for consideration for biosimilar development

* Points for consideration for analytical methods should
be sensitive and capable of differentiating meaningful
differences

* Overview of selected fingerprint methods and
applications
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Biosimilar product development begins with
establishing target quality product profiles

Define critical quality attributes for the

reference product

= Known mechanism of actions, biological
functions, safety, and immunogenicity profiles

Establish product quality profiles based on the
target reference product

= Characterize reference product to establish
targets and ranges for critical product quality
attributes

Develop biosimilar products to match the }

target reference product

= Match reference product profiles with greater
emphasis on matching all biological functions

Additional
clinical data

Human PX and PD

Non-clinical PK/PD and
toxicology as appropriate

Match all predicted functions
and confirm no enhancement
of functions absent

&

Demonstrate analytical similarity
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Approaches for analytical similarity
assessment and data management

. Cumulative knowledge of reference products on Biosimil
the market helps to understand range and 10Simiiar
variability of the innovator manufacturing

process
. Similarity is a series of pair-wise comparisons

. Sample age at the time of testing should be
factored in when comparing stability-indicating
attributes
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Comprehensive analytical similarity
assessment reduces the degree of uncertainty
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Choice and performance of analytical tools

matter

Methods provide
meaningful
information and
may predict
clinical
performance

____________________________________

Characterization ‘
Technologies .-~ s
Relevang,e../” [

Likely ﬁ
Impact

Resolution

Potential
Impact
No Info.

Unlikely
Impact

Identity | A0 _/Reliability
Few Labs Mult. Labs Broad Use
Expert Operators Some Standards Avail Equip

Specialized Equip Robust Standards

Slide from Kozlowski, S (CDER) presentation at 2014 Biomanufacturing Technology
Summit, Rockville, MD, June 13, 2014

Methods should are
sensitive and
capable of
resolving
differences which
are critical
attributes

Methods should be qualified and fit-for-use for intended purposes
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Understand the biological relevance of
measured quality attributes are important

Measuring the quality attributes by retaining the important structural characteristics of the

attributes
Increase understanding for the biological relevance of different glycan attributes and ensure

the critical attributes are controlled properly in order to match biological functions

Confidence in similarity
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Luminescence (L1}

Knowing the correlation of orthogonal methods
help predict potential biological impact

1.6 = 107

100 1074

0.6 = 1074

o]

el

Include orthogonal methods with
increasing biological relevance to
discern clinically meaningful
differences and confirm functional
similarity

E

1 -0 -

L A [ |
= -7 6 &

log, [Gontrol Ab, Anti-GO201, g/ml

Relevance

FcgRIlla

binding

Reliability

ADCC vs. afucosylated glycan

Chung, mAbs, 326-340, May 2012

1

Use high resolution and reliable methods
to guide the process and product
development.

Better suited for process control purpose
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Analytical methods should have sufficient resolution
and capable of measuring critical quality attributes

The biological relevance and importance may not be in proportion to its relative abundance.
The devil is in the detall
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presentation at CASSS WCBP,
Washington DC, January 31, 2013
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Management of standards used in biological
assays Is important to ensure reliability

« Selection of standards for biological assays for reporting relative activities should

represent reference product

« ldeally the same standard should be used across orthogonal biological assays

« Bridging of different standards to allow pooling of results

*  Proper system suitability and assay controls should be well described in
procedures, including criteria for passing and failing results

« Methods should be qualified and shown to be fit for purpose

When standard is close to the edge of RP range,
specification no longer center around RP range

e 0® e Bms:jmllar Reference
reterence [ I emon 12
Product O 00 O L P Range
Range OO O
————— (O o o e
| O Reference product

® Biosimilar product
® Standard

When standard is close to the mean of RP range,
specification also centers around RP range

Biosimilar

J = product

specification
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Fingerprint-like similarity versus

Fingerprint-like methods

FDA Definition of Fingerprint-like:

a term to describe integrated, multi-parameter approaches that are extremely sensitive

in identifying analytical differences.

FDA DRAFT GUIDANCE

“Clinical Pharmacology Data to Support a Demonstration of Biosimilarity to a Reference Product”

Sequence & ’ -
Modifications ; Higher ¥- o v
3 “ | Order .,’f o
Ll | Structure - ’ I w

Fingerprinting

* Above & beyond risk-based
comparative characterization

* Meaningful subsets & patterns

* Not a dot counting exercise

"Hipom)

T T 71T

Koslowski, presentation at CASSS WCBP Conference, Washington DC, Jan, 31 2013
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Analytical methods which may provide
fingerprint-like profiles

* Methods investigate the overall conformational integrity
« 1-D NMR
- 2-D NMR
« Crystallography
* Antibody conformation array
« H/D exchange

« Methods investigate the heterogeneous characteristics
* Peptide map
« Glycan map

Can anyone of these methods demonstrate fingerprint-like similarity in its own
right?
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'H NMR provides fingerprint pattern

« Applications for monoclonal antibodies and less complex proteins have been shown

» Visual profile comparison could be subjective. An objective comparison for
spectrum similarity would require complex mathematical algorithm
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Similarity is assessed based on pattern similarity and little information can be discerned on the
differences and their impact to purity, safety, and efficacy
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2D-NMR has been applied for smaller non-
glycosylated protein

« Several publications on filgrastim (small non-glycosylated protein of ~ 19,000 Dalton)
1H-15N 2D-NMR spectral (pattern) similarity

» Provides higher resolution in structural information compared to 1D-NMR down to the

single amino acid level

M. Levy, Anal. Bioanal. Chem. 22 Nov 2013

"N Spectral Fingerprint of Amide Backbone of Filgrastim
(Neukine®, Intas Biopharmaceuticals)
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R. Brinson, AAPS, 2013
D. Hodgson, WCBP, 2012
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May not be suitable for glycoprotein and monoclonal antibodies which is structurally more complex

than filgrastim
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Crystallography has been applied to
Investigate sub-domains of large protein

» Typically require changing formulation to allow crystallization of protein of sub-
domains of mADb

» Crystallization process generally serves as a purification step selecting the most
“homogeneous” population, and could miss low abundant sub-populations

Fig. 3 Super positioned view on the complementarity determining b Ribben representation of the CDRs with the side chains shown as a
regions (CDRs} of GP2013 and originator rituximab. a Ribbon stick model, colored according to the chemical atom type (C GP2013
representation of the CDRs. The heavy chain and light chain in blwe and orange, C MabThera” in gray, O in red, and N in blue).
structures of Fab GP2013 are colored in blue and orange, respec CDR loops are labeled

tively. The structure of Fab originator rituximab is colored in gray.

V. Visser et. al, BioDrugs, 07 May 2013 S. K. Jung, mAbs 6:5, 1163--1177; September/October 2014

l Figure 5. Superimpasition of CT-P13 Fc (green) and RMP Fc (red) crystal structures: (&) front view; (B} side view. l

Does not investigate heterogeneous populations or discern sub-populations which may have
different biological activities
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H/D Exchange provides site-specific
Information on structural differences

» H/D exchange require long experimental time with multiple testing time points.

* Investigate differences in the exchange rate comparing two products under the same
condition. Results could be informative in regards to detailed structural differences at
specific locations
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Figure 4. Comparisen of experimentally determined devterivm lewels
and levels predicted by the model for the heawy-chain peptide 1-22 at
and 4 M of guanidine.

Z. Zhang Anal. Chem. 2012, 84, 4942-4949

Interpretation of complex results requires experienced subject matter experts
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Antibody conformation array could identify
new epitopes due to changes in conformation

« Evidences of regional conformational change may predict impact to biological
activities mediated through specific antigen or receptor recognition

« Reagents maybe high cost and experiment is relatively low throughput
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N 2 g Case 3: Correlation between Conformation and Bioassay in Stability Testing
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[Fare 13
S. K. Jung, mAbs 6:5, 1163--1177; X. Wang, CHI’s 6™ Annual Biotherapeutics Analytical Summit
September/October 2014 Comparability for Biologics & Biosimilars March 13, 2015

Orthogonal to biological assays in investigating structure/functional differences
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Capabilities and gaps of the fingerprinting

methods

1D-[1H]-NMR

2D-[1H-15N] HSQC
NMR

X-ray crystallography

H/D exchange

Ab conformational
array

Sensitive to detect differences for both
small and large proteins including
monoclonal antibodies

Sensitive to detecting differences
down to amino acid levels for small
proteins

Primary application for smaller protein
or fragments of monoclonal antibody.
Assess sub-populations which are
homogenous in nature

Provide detailed structural differences
at specific locations

Data analysis is less complex
compared to the other fingerprinting
methods.

Provides regional structural
information

18

Difficult to interpret results and
primarily rely on pattern similarity.
May not determine specific site and
levels of differences

May not be suitable for complex
biologics, such as glycoprotein and
monoclonal antibodies

Limited resolution to structural
differences for large protein.

May omit minor components with
unknown safety or efficacy impact.

Long experimental time. Interpretation
of complex results requires
experienced subject matter experts

Require product-specific reagents

which could be costly or may not be
available
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Biological assays can be more sensitive to
structural and conformational changes
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Biological and functional assays are used to investigate structure/functional differences
which are clinically meaningful for biosimilarity
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Summary

* Analytical tools used in biosimilar development are
critical and should be fit-for-purpose

» FDA definition of “fingerprint-like” is a term to describe
Integrated, multi-parameter approaches that are
extremely sensitive in identifying analytical differences

« There is no one method alone capable of providing
“fingerprint-like” structure.

 Biological assays are essential to confirm
structural/functional integrity

20 AMGEN



Acknowledgements

Leszek Poppe
Pavel Bondarenko
Zhongqgi Zhang
John Gabrielson
Brad Jordan
|lzydor Apostol
Linda Narhi

AMGEN

21



