PRODUCT CHARACTERIZATION
IN CELLULAR THERAPY

STANDARDS IN FLOW CYTOMETRY



OVERVIEW

AReproducibility & Variability in Ps@linical Research
AStandards, Practices & Policies in Flow Cytometry (FCM)

ACase Study:
FCM for stem cell enumeration in Hematopoietic Stem Cell Therapy



FROM PRE-CLINICAL RESEARCH TO INDUSTRY

ACellular Therapy recently entered biopharmaceutical sector
A CostBenefit
AQuality Assurance & Control

AProduct characterization for cddlased products iGellular Therapy
AReliable
AAccurate
ARelevant characteristics



Irreproducible

Reproducible

$56.4B

$28.2B
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US Annual Preclinical
Research Spend

Components of Irreproducibility

Biological Reagents
& Reference Materials
$10.2B (36%)
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Study Design
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Data Analysis
& Reporting
$7.2B (25%)
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Protocols
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CELL (PRODUCT) CHARACTERIZATION

ACell count ACell size
AViability AGene expression
ACell surface markers  AEnzymatic activity
Alntracellular markers AOxidative burst
ACell cycle / DNA content AMDR




CELL CHARACTERIZATION BY FLOW CYTOMETRY
AEXTENSIVE
ACOMPLEX

AEXPENSIVE
AVARIABLE




STANDARDS, PRACTICES & POLICIES IN FCM, TODAY

AReagents (antibodies)
AData file format
AReporting (publications)
ATraining & Proficiency

ACalibration & Measurements
Alnstrument setup
Almmunophenotyping

AHLDA Workshops (1982)
AFCS files (1984)
AMIFlowCyt(2008)

Alnternational Flow Cytometry
Certification Examination (2011)
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VARIABILITY IN FLOW CYTOMETRY DUE TO:

ASample preparation
AReagents
Alnstrument
Alnstrument setup
AData analysis
AData interpretation
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45%
Clinica | (39%)
Industry/Biotech (27%)
. . Academic (34%)
Main concerns for FCM #x l
Industry/Biotech:
- Analysis 25%
- Instrument l
- Calibration L5
- Measurement
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1995, ISHAGE: STEM CELL ENUMERATION CMTE

ACD34 antigen expressed on the surface of almost all hematopoietic
stem cells

AAbsolute number of CD34+ cells shown to correlate with engraftment
potential in hematopoletic stem cell therapy

AAN accurate CD34+ cell count can help optimize the timing of
apheresis collection

AFlow cytometric enumeration of CD34+ cellBNALYSIS, REAGENTS



EXISTING STANDARD REFERENCE MATERIAL IN FCM

AINSTRUMENT SETUP e.g. Rainbow Calibration Partickesrsosa)
APROCESS CONTROL e.g. SterTrol Gt cels)

ADATA ANALYSIS e.g. Sten‘ﬁOntrOl(stabilized normal PBMCs)



USE

U.S. Pharmacopeial
onvention

General Chapter Compendium Assay

Flow Cytometric
PF 41(9) Enumeration of
CD34+ Cells®

<127> Flow Cytometric Enumeration
of CD34+ Cells®

AProvides a standard, singbatform flow cytometric method for
enumerating CD34+ cells in RBukapheresisBM and CB

AStepby-step instructions with figures for demonstrating data analysis
according to ISHAGE guidelines
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%" CD34+ Cell Enumeration System Suitability Reference Standard

Convention

_ Obtain special instructions before use. Do not handle until all safety
Usp HEFEHENCE STAN DARD precautions have been read and understood. Avoid breathing dust. Wash
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§,§ = CD34+ CELL ENUMERATION SYSTEM SUITABILITY thoroughly after handling. Contaminated work clothing must not be

8 3 — " allowed out of the workplace. Wear protective gloves/protective

§8 = 1.24 x 10* CD34+ Cells clothingleye protection/face protection. In case of inadequate ventilation
(s = s o R , wear respiratory protection. If on skin: Wash with plenty of water. If skin
28 — Dangey!pa_uses skin irrtation. May cause an allergic skin reacton. Capses SM0US  iritaion or rash occurs; Get medical advice/attention. Take off

9 == eye rriation. May cause allergy or asthma symptoms or breathing diffculties i ontaminated clothing and wash before reuse. Ifinhaled: If breathing is
G5y =" inhaled. Suspected of damaging ferity or the unborn child. diffcut remove person to fresh ir and keep comfortable for breathing.
a0y = . . _ o If experiencing respiratory symptoms: Call a poison center/doctor. Ifin
£ 8 2 = E Store in a freezer. See USP Q_emﬁgate for rgconshtuﬂon instructions and eyes: Rinse cautiously with water for several minutes, Remove contact
3 = addtional information. lenses, if present and easy to do. Continue rinsing. If eye iritation

§ §: — USP, 12601 Twinbrook Pkwy, Rockville, MD, +1-301-881-0666 persists: Get medical advice/attention. If exposed or concerned: Get
E.;_é % Cat.No. 1084292 Material mfd. in United Kingdom medical advice/attention.




ARS is made from mobilized peripheral blood collected by apheresis of
a GCSF mobilized donor

AContains human leukocytes, erythrocytes and CD34+ cells that have
been fixed andyophilized

AStable reference standard with CD34 and CD45 staining comparable
to fresh GCSF mobilized peripheral bloodlls

AWelldefined cell count and range assigned from a rdaltioratory
collaborativestudy

AReconstitutes in water and is ready to use. No lysis steps required
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USE OF USP CD34+ CELL ENUMERATION SYSTEM
SUITABILITY REFERENCE STANDARD

AUsed as a system suitability standard to assess the reagents used and
ensure the correct gatinduringdata (acquisition andanalysis for
enumerationof CD34+cells

AResults should fall within the range provided in the USP CD34+ Cell
Enumeration System Suitability RS certificate
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MAIN POINTS

AChallenges for FCM in commercial cellular therapy
ACalibration & Measurements

ASome reference materials for calibration, process control and analysis
in FCM
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ACD34+ cell enumeration by FCM, now standard for commercial cell the
AUSP Chapter <127>
AUSP CD34+ cell enumeration system suitability reference standard



