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KBI Biopharma drives breakthroughs in biopharmaceutical development and
manufacturing that positively impact the lives of patients worldwide.
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Product Characterization Overview

« Development Stage Expectations:
» Investigational New Drug (IND)

* Investigational New Drug Amendment
(INDa)

» Biologics License Application (BLA)
« ADC case study

» Best practices and potential risks
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Why Product Characterization Matters

3.2.S.3.1 Elucidation of Structure | Manufacturing Controls (CMC) | Common Technical Document (CTD)
Ultimate goal: Patient safety

Data Collection Enables

~ ™)
@ Primary & Higher QTPP
Order Structure Quality Target Product Profile
@ Biological Activity CQAS
Critical Quality Attributes
4 )
Variant
Characterization
(& J
4 )
e Degradation Pathways
- J
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Biotherapeutic Development Phases

Phase 3/ Commercial
Pivotal Launch

+ IND + INDa ¢ INDa + PPQ ¢+ BLA/IMMA  + Approval

@w KBI Biopharma | Confidential 5



Biotherapeutic Development Phases

Phase 3 / Pivotal Commercial Launch Post Launch
+ IND Filing + IND Amendment Filing + IND Amendment Filing + Initiate PPQ + BLA/MMA Filing # Approval
o o o
Clinical Specification Commercial
Specification Review Specification

Analytical Lifecycle Management (ICH Q8, Q14, Q2)

Analytical Method . o . . . .
Selection/Development Qualify m Update/Optimize Validate Monitor, improve, re-develop, re-validate

Routine Monitoring: Release and Stability Testing

+Tox Lot Testing +FIH Release +Clinical Supply Release +PPQ Testing +Commercial Release

Identify stability methods Commercial cGMP stability program

Product and Impurities Characterization

Sl 2t o i Elucidation of structure for INDa(s) Elucidation of structure for BLA
structure for IND

Elucidate Degradation Pathways Impurity Peak Purification & Characterization
Process reagent clearance & impurities

FIH Ref Std Primary & Working Additional Working
Qualification Ref Std Qualification Ref Std Qualification
Process Comparability ‘ ‘ ‘
Tox-FIH Pivotal-Commercial Commercial
Comparability Comparability Comparability

(R~
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From IND to BLA: Increasing Analytical Expectations

—

IND EoS

Purpose: Initial
Characterization
Assessment for First in
Human (FIH) trials

—

Material: Tox/Clinical
Lot

Methods: Platform

Duration: 6 weeks
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INDa EoS

Purpose: Deeper
Product Understanding
in Phase 11/l

—

Material: Phase I/1l DS
and DP

Methods: Optimized for
product

Duration: 3 - 5 months

—

J

BLA EoS

Purpose: Full Package
for Commercial
Approval

Material: Commercial
Scale/PPQ Lot

Methods: Qualified,
product specific

Duration: 9 - 12 months

B

J
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IND: Early-Stage Structural Characterization

e Fast characterization focused on patient safety

* Approval required for Phase 1 (FIH) trials

Category Method Purpose
Intact mass Mass measurements
Primary structure
Reduced peptide mapping Post Translational Modifications (PTMs)

FTIR/Far UV CD spectroscopy Secondary structure (i.e. alpha helices, beta sheets)

Higher order structure
Near UV CD spectroscopy Tertiary structure

Biological Activity Binding or Potency method Structure function

Methods presented are based on mAb therapeutics. More complex biologics may utilize additional characterization techniques.
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INDa: When Characterization Becomes Ciritical

INDa: Required for significant process changes

Phase 3/ Commercial Post Launch

Pivotal Launch

¢ IND + INDa + INDa + PPQ + BLA/IMMA ¢ Approval

Common Triggers: * Requirements:
» Scale up (i.e., lab — pilot - GMP) « Comparability data using
« New manufacturing site or COMO product-specific methods

: * Multiple lots to demonstrate no
+ Raw material changes (e.g., cell culture _
: new safety risks
media)
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INDa: When Characterization Becomes Ciritical

7~

7~

7~

DSC

Primary ?%g Size " Biological
Structure e Variants []I][][I Activity

Intact mass

Peptide mapping ggg MALS FcRn binding

Disulfide mapping CE-S-DS Potency assay

Glycan profiling . . )

é é 4 Y
@ Higher-Order o Charge Particle

« Structure © Variants Assessment

FTIR/Far UV CD spectroscopy IEX MFI (Drug Product)

Near UV spectroscopy clEF
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BLA: Complete Characterization Package

Characterization Activity

Primary Structure

(Amino Acid Sequence)

‘ Secondary/Tertiary Structure & Thermal Stability ‘

@w KBI Biopharma

Rationale

Confirm fidelity of DNA transcription with 100%
sequence confirmation on amino acid level

Elucidate product attributes to enable QTPP, and
analytical control strategy (> 0.1% abundance)

Ensure protein is properly folded with
appropriate conformational stability

Elucidate biological mechanism of action(s)

Elucidate product susceptibility to degradation
under multiple stress conditions

3.2.8.3.1 Elucidation of Structure (EoS) 1



Characterization Requirements: Side-by-Side View

Feature IND INDa BLA
* |ntact mass * |ntact mass
. * Intact mass * Reduced peptide map * Reduced peptide map(s)
Primary Structure * Reduced peptide map * Disulfide map * Disulfide map
* Glycan map(s) * Glycan map(s)
* FTIR/Far UV CD * FTIR/Far UV CD
High Order Structure . LZaRr/EJa\; gI\D/ b * Near UV CD * NearUVCD
* DSC * DSC
. .. . . Charge & size characterization of
Impurity Characterization | Not required Charge characterization of peak groups individual peaks
Biological Activity Binding or potency assay Binding & potency assays Binding & potency assays
Limited for early Limited to support other studies: Full degradation of key stress
Degradation Pathways understanding of molecule | comparability, formulation dey, conditions: heat, pH, oxidation,
stability method qualifications light, agitation
Method Qualification Not required Limited, focus on method optimization | Qualification for characterization 1
for product methods




Project Timelines: How to be Efficient

) ) D Prase3 P ) CommersiLauneh Y Postunch

+ IND Filing + IND Amendment Filing 4 IND Amendment Filing + Initiate PPQ + BLA/MMA Filing ¢+ Approval

[
Product and Impurities Characterization :

Ll 2 i a1 Elucidation of structure for INDa(s) Elucidation of structure for BLA
structure for IND
: Elucidate Degradation Pathways Impurity Peak Purification & Characterization

Process reagent clearance & impurities

Primary & Working Additional Working
Ref Std Qualification Ref Std Qualification

FIH Ref Std
Qualification

¢

1

1

1

1

1

]

1

1

1 Tox-FIH
I Comparability
1

1

1

1

1

1

1

1

1

Process Comparability ‘
Pivotal-Commercial Commercial
Comparability Comparability

Couple RS Characterization and/or Comparability with Product Characterization
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Project Timelines: How to be Efficient

) ) D Prase3 P ) CommersiLauneh Y Postunch

+ IND Filing + IND Amendment Filing 4 IND Amendment Filing + Initiate PPQ + BLA/MMA Filing ¢+ Approval

[ T
Product and Impurities Characterization : 1 !

1
Alsfetilin G Elucidation of structure for INDa(s) Elucidation of structure for BLA
structure for IND !
1
: Elucidate Degradation Pathways Impurity Peak Purification & Characterization

Process reagent clearance & impurities
1 ‘
I
1
| Primary & Working Additional Working
IRef Std Qualification Ref Std Qualification

i e 4

FIH Ref Std
Qualification

¢

1
1
1
1
!
]
1
1
1
I Comparability
1
1
1
1
1
1
1
1
1

Process Comparability

Tox-FIH Pivotal-Commercial Commercial
Comparability Comparability Comparability
studies
1
i ' Comparability studies will be dependent
IND : INDa ' on program CMC changes

Couple RS Characterization and/or Comparability with Product Characterization
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Project Timelines: How to be Efficient

) ) D Prase3 P ) CommersiLauneh Y Postunch

+ IND Filing + IND Amendment Filing 4 IND Amendment Filing + Initiate PPQ + BLA/MMA Filing ¢+ Approval
Product and Impurities Char:acterization : : : :

1 |
Alsfetilin G Elucidation of structure for INDa(s) Elucidation of structure for BLA
structure for IND

\ | |
: Elucidate Degradation Pathways Impurity Peak Purification & Characterization

Process reagent clearance & impurities
1 1
R |
1 1
| Primary & Working | Additional Working
IRef Std Qualification | Ref Std Qualification

: R L 4 ' More challenging to
Pivbtal-Commercial Commercial | . . .
Comparability Comparability | a|lgn in BLA Stage with
 needing PPQ material

1

1

1

1 . .

! ' for characterization,
1

1

1

FIH Ref Std
Qualification

¢

1

1

1

1

1

]

1

1

1 Tox-FIH
I Comparability
1

1

1

1

1

1

1

1

1

Process Comparability

Comparability
studies

' but aligning, when
-------- - R L L -------------------------1possible, for efficiency

Couple RS Characterization and/or Comparability with Product Characterization
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Case Study:
ADC Characterization

KBl Analytical



ADC Structure Includes Multiple Components for Characterization

CQAs for antibody, drug-linker, & combined conjugated product

: j Attachment B Cytotoxic
aruwosy i Moy B ke

Linker Cytotoxic
Drug
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Commonly Known ADC CQAs

Drug-to-Antibody Ration (DAR)

Linker Cytotoxic
Drug

&S == KBl Biopharma 18



Common ADC CQAs

Drug-to-Antibody Ration (DAR)

_ « Conjugation Site
Linker Cytotoxic
Drug

‘§;\ KBI Biopharma 19



Common ADC CQAs

Drug-to-Antibody Ration (DAR)

« Conjugation Site
Linker Cytotoxic . Free Drug
Drug
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Common ADC CQAs

&S == KBl Biopharma

Linker Cytotoxic
Drug

Drug-to-Antibody Ration (DAR)
Conjugation Site

Free Drug

Linker Stability
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Common ADC CQAs

&S == KBl Biopharma

Linker Cytotoxic
Drug

Drug-to-Antibody Ration (DAR)
Conjugation Site

Free Drug

Linker Stability

Aggregation/Size Variants

22



Common ADC CQAs

* Drug-to-Antibody Ration (DAR)

« Conjugation Site

Cytotoxic

* Free Drug
* Linker Stability

« Aggregation/Size Variants

Linker

Drug

* Potency

‘§;\ KBI Biopharma 23



IND: Fast Assessment for FIH Safety

Ny a N h
Free Drug Size Variants
HIC Intact mass - SEC
CE-SDS
G S \L y G J
a Ny a N a Ny
@ Conjugation © Linker Stability Potency
: Site e
Peptide mapping +  HIC - changes in DAR levels * Binding assay
Cytotoxicity assay
o _ o J L _

Testing completed on using platform methods 2



INDa: Demonstrate Comparability For Site Change

\

HIC
Intact mass

7~

\

?%% Free Drug
S

Intact mass
RP-HPLC

S

Size Variants

|60

SEC
CE-SDS
SEC-MALS

\

7~

Conjugation
Site

Peptide mapping

S

7~

\

HIC — changes in DAR levels

Linker Stability
©)

S

7~

@ Potency

Binding assay
Cytotoxicity assay
Cell based bioassay

\

Testing completed on using product specific methods
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BLA: Complete Characterization Package for

Commercial Approval

) é )

?%% Free Drug o Size Variants
}%ﬂ UDD[I

HIC « SEC . SV-AUC

Intact mass * Intact mass . CE-SDS

Fractionation of hydrophobic *  RP-HPLC «  SEC-MALS
L variants ) | ) U Fractionation of size variants )
é Y é ) é Y

@ Conjugation ® Linker Stability Potency
3 Site e
Peptide mapping * HIC — changes in DAR levels « Binding assay
Intact mass « Degradation studies » Cytotoxicity assay
Cell based bioassay

\ S \ S \ S
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Avoidable Mistakes That Delay Filings

@w KBI Biopharma

Inadequate Qualification of Characterization Methods

* Not qualifying LC-MS and HOS methods

* Lack of method performance understanding at late-stage
Incomplete Characterization Studies

* Assessing only size OR charge variants (not both)

* Skipping hydrophobic variants when detected
Delayed Characterization Timelines

» Starting characterization too late in development

* Discovering critical issues at BLA stage

Insufficient Comparability Data

* Incomplete methods to demonstrate impact on CQAs
* Not enough lots for stage of comparability

27



Regulatory Expectations - Where the Bar |Is Heading

Today Future

Robust IND Data
(Complex Modalities)

Early CQA Identification
Risk-based Strategy

Al Enabled Modeling

28
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Bringing It All Together

* Product characterization is progressive
— start light, end deep

e IND: Fast with a focus on patient safety

* INDa: Comparability studies with
greater product understanding

 BLA: Complete package

* Regulatory success = scientific rigor +
staged planning

‘ti‘; KBI Biopharma 29



Virtual Poster Presentation

LC-MS Characterization of an Unexpected C-Terminal HC Extension in a Therapeutic mAb

WCBP Virtual Poster

LC-MS characterization of an unexpected C-terminal HC extension in a Therapeutic mAb s SIKBI

Ben diglerman
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Science Driven.

Customer Focused.

A Global CDMO Providing Innovative
Biologic Solutions

Kelly Donovan

kdonovan@kbibiopharma.com

+1 720-845-6002

kbibiopharma.com
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