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Why Flow Cytometry?
Flow Cytometry allows multiplex analysis at single cell resolution
| Collect data from multiple cell populations

| Detect intra- and extra-cellular expression of antigens

| Identification of cell phenotypes
|  Activation Status

|  Cellular function

| Viability/cell health
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Why Flow Cytometry?

Research/Academic
Clinical - Diagnostics, Immunophenotyping, MRD, Immune-monitoring

Drug discovery - Biotech/Pharma

Drug development - Biotech/Pharma

Driving the growth of flow cytometry in Drug Development

* NBEs, including bi/tri-specifics entering clinical pipelines.

» Therapeutics for chronic disorders including immunological/inflammatory and oncology indications.
« Mainstream emergence of cell and gene therapies.

» Bioanalytical requirement to characterise complex biological interactions and responses

|
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Why Flow Cytometry?

Flow cytometry is a powerful tool for characterising biological complexity

Biological Complexity

Target Drug-Target Interactions Cell Populations Systems Clinical phenotypes
Quantification Target occupancy Immunophenotyping Inflammatory networks Diagnosis
Intra/extra-cellular Target engagement Stratification
expression Intra-cellular signalling Disease biology
Cytokine release Patient heterogeneity

Immune-monitoring

Clinical Response

Mechanism of action
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The Role of Flow Cytometry in Drug Development

Detailed evaluation of what is going on at a cellular level:

Receptor Immuno_-
 Does our drug binds its target? Quantification |- phenotyping
» Does the binding initiate engagement and downstream effects?

 What are these downstream effects?

« What is the safety implication of this? - Talar(g;tent/ Cytokine
« What is the longevity of our drug response? Mochanism Release

« What is happening to immune cells in disease?

« How are these populations changing with treatment?
 Can these be used as biomarkers and clinical endpoints? Tt Downsiream
« What is the level of target expression? Occupancy Signalling
« What is the heterogeneity of target expression in patients?
» What level of receptor engagement is required to demonstrate efficacy?
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The Role of Flow Cytometry in Drug Development

: Pre-Clinical Clinical Post-
Development Development Marketing

Clinical Setting

Clinical Development/Post- ,, .
B Marke’ﬁng e Bl Clinical Setting —_—

R oeomrrcne B
* Understanding of disease biology. * Pharmacokinetics. + Diagnostic.
» Mechanism of action- of both disease » Target Occupancy/Engagement. » Patient Treatment.
and therapeutic. « Biomarkers- including safety. « Patient Outcome.
* Pharmacokinetics/Pharmacodynamics. « Efficacy/Response to Treatment. « Minimal Residual
» Biomarker discovery. « Patient Stratification. Disease.
» Product Characterisation.
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The Utility of Bioanalytical Flow Cytometry Across Modalities

Pharmacokinetics Expansion
Persistence

Pharmacodynamics Target occupancy/engagement

Immunogenicity Cellular Immune response
Innate cell activation

Biomarkers Patient selection/stratification
Surrogate end-points

Product Phenotype of source material
Characterisation Quality, purity, viability of product
CAR expression
Potency
Stability
Dosing
Clinical Applications Diagnosis

Patient selection/stratification
Treatment response/outcome
Minimal residual disease
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Advances in Flow Cytometry for Bioanalytical Applications

Sensitivity,
Stability,
Automation,
Standardisation

Validation High throughput,

; N— High parameter,
Guidance High event rates
Robust

Flow
Cytometric
Methods

GCLP

\Knowledgebase \ integration

Reagent

\Technology
T
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Advances in Flow Cytometry instrumentation

ThermoFisher Attune NxT

Up to 16 parameters/4 lasers
Clinical software

21 CFR Part 11 compliant
High Throughput autosampler
Large sample volumes

| BDFACS Lyric |

Up to 14 parameters/3 lasers
Clinical software/IVD

21 CFR Part 11 compliant
Automated QC workflow
High-throughput auto-sampler

| Beckman Coulter CytoFLEX LX Novocyte Quanteon —

Up to 21 parameters/6 lasers Up to 25 parameters/4 lasers A A
High sensitivity and resolution Clinical software/IVD i I i = ‘
Absolute cell counts = ]

High dynamic range
Automated QC High-speed collection
Integration with lab Automation

TS
Clinical software /
21 CFR Part 11 compliant (R
High throughput auto-sampler

Cytex Aurora
* Up to 40 parameters
»  Spectral flow cytometry
» Autofluorescence detection
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Advances in Flow Cytometry reagents

Expansion in availability of bright fluorophores. oraanic and polvmer
dyeS' Staining Index of all fluorophores independent of laser excitation
« Detection of low abundance targets

* High parameter panels

« BD Horizon Brilliant™ dyes
 KIRAVIA Dyes™

« Vio™

* Super Bright™

« DyLight™

sl ? ||H|HIIIIHHH||
* Alexa Fluor "'“”“”””

« REAffinity Antibodies
« Recombinant, universal IgG1 isotype, mutated Fc region.
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Application of Flow Cytometry in the Bioanalytical laboratory

| Considerations

o FFP : :

 What is the intended use of the data?
» Understanding of the biology
» Measure (PK/PD, Biomarker, TO/TE)

* Required Sensitivity
» Study type (Non GLP, GLP/Tox, Clinical)
* Assay format (quantitative, quasi-quantitative)
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Application of Flow Cytometry in the Bioanalytical laboratory

| Considerations

Context of _r FFP : _
Feasibility Development Validation

* Sample type

» Sample logistics

» Sample stability

» Antigen expression

+ |dentification and sourcing of appropriate controls
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Application of Flow Cytometry in the Bioanalytical laboratory

Considerations

COT};’S ol Feasibility Validation

Sample stability (antigen/biomarker)
Anticoagulant, preservatives

Panel design

Reagent selection/evaluation/titration
Tool generation (anti-Id reagents)
Panel testing and optimisation

Protocol optimisation

Instrument setup and optimisation
Compensation

Initial assay characterisation
Acquisition templates

Analysis templates

Data analysis
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Application of Flow Cytometry in the Bioanalytical laboratory

| Considerations

Context of o FEP : :

* Documentation

 Stability

» Precision (intra/inter/operator)
* Analytical Range

» Sensitivity

» Selectivity/specificity
* Robustness

» Acceptance criteria
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Application of Flow Cytometry in the Bioanalytical laboratory

I Considerations

Context of L FFP _ .
Feasibility Development Validation

* Documentation
» Throughput
* Data pipeline

» Statistical analysis
» Data interpretation
* BM endpoint data

R
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The entire laboratory set-up is also critical

Laboratory

\documentation
Method ; -
Development — Training of
and Validation Personnel
Robust

Flow
Cytometric
Method

Instrument

Set-up and
\/Iaintenance

Critical
Reagent
Monitoring

‘If it isn’t recorded it wasn’t done’
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Application of Flow Cytometry in the Bioanalytical laboratory

| Guidance

White Paper

For reprint orders, please contact reprints@future-science.com

Bioanalysis

Best practices in performing flow
cytometry in a regulated environment:
feedback from experience within the
European Bioanalysis Forum

H62
Validation of Assays Performed by Flow

Journal of Immunological Methods ml

Volume 363, Issue 2, 5 January 2011, Pages 120-134 \‘

ELSEVII 'R
Research paper
Recommendations for the validation of

flow cytometric testing during drug
development: II assays

Denise M. O'Hara * &, Yuanxin Xu ® &, Zhiyan Liang <&, Manjula P. Reddy ¢ &, Dianna Y.
Wu ¢, Virginia Litwin f & &

Cytometry

Annex 1 Guidance on the application of flow cytometry for
the cell and gene therapy community

g5 British

i\ .
Pharmacopoeia

e
, draft guidelines, Validation of methods performed by Flow Cytometry,
P I CLSIH62, draft guideli Validati f hod rf d by Flow C 2019
L“‘j EBF, 2017, O’Hara, 2011,

ATMP Consultation Document.pdf (pharmacopoeia.com)



https://www.pharmacopoeia.com/file/ATMP_Consultation_Document.pdf
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Advances and Challenges of Bioanalytical Flow Cytometry

| Assay Design

Assay Design,

+ Sample Logistics
+ Sample Stability

Advances Challenges )
* Whole blood preservation methods Preservation/fixation not suitable for all markers/cell types
+ Streck™, Transfix™, snap-frozen WB. and stability may be limited.
* Improvements in cell processing methods Biomarker stability assessed on case-by-case basis.
(Collection (CPT™)), cryopreservation (CryoStor Logistics a key factor.
CS™), processing (ThawStar™) )
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Advances and Challenges of Bioanalytical Flow Cytometry

| Assay Design

Assay Design,

* Panel Design
* Reagent Selection

Advances Challenges )

+ Panel design tools Range of fluorophores
+ Preformulated/validated panels « No. of available channels * Reagent characterisation
* Dried format tubes plates Fc-mutated mAbs

» Extended stability Range, quality and

* Lot to lot consistency available formats of mAbs

- Flexible format J

LSS B ——
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Advances and Challenges of Bioanalytical Flow Cytometry

| Assay Development

Assay Design

« Sample processing

Advances

* Automated cell thawing
+ Centrifuge-free washing (laminar flow)

* Automated liquid handling systems
* No-wash protocols

Challenges

» Sample processing still user intensive
* Assay variability

~
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Advances and Challenges of Bioanalytical Flow Cytometry

| Assay Development

* Panel design/optimisation

Advances Challenges )

* Published literature » Specialist knowledge base
* Panel development tools

* Reagents
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Advances and Challenges of Bioanalytical Flow Cytometry

| Assay Development

Assay Design,

* Instrument optimisation

Advances Challenges )

* Automation

. : + Specialist knowledge base
* Application/Assay settings

e |nstrument standardisation and harmonisation

» Compensation libraries
» Technology

J
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Advances and Challenges of Bioanalytical Flow Cytometry

| Assay Validation

Assay Design,

Advances Challenges )

» Guidance documents (draft) . Specialist knowledge base




Advances and Challenges of Bioanalytical Flow Cytometry

| Bioanalysis

Assay DES|gn

* Analyst

* Method

* Instrument
* Laboratory
* Logistics

« Sample and critical reagent management
+ Documentation

Advances

Auto-gating
Data reduction techniques

Bioinformatics pipelines
Workflow management tools

Challenges
Logistics

Assay throughput

Critical reagent management
Harmonisation

Data analysis and handling large data sets
Data interpretation
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Evolution of Flow cytometry in the Bioanalysis Lab

rY

| Summary

Flow cytometry is a powerful tool that supports bioanalytical decision making
at all stages of clinical development

Recent advances in instrument and reagent technology have broadened the
potential utility of bioanalytical flow cytometry

The expansion of NBE and new modalities has driven the increased
requirement for flow cytometry in the bioanalytical space

Recent draft guidance documents for the validation of flow cytometry
methods and utility in Cell and Gene therapies support the integration of Flow
Cytometry in the Bioanalytical laboratory.
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Questions?
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