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TopicsTopics
Review various product types and applicationsReview various product types and applications

351 and 361 products351 and 361 products

What does product characterization include, What does product characterization include, 
why do we need to do itwhy do we need to do it
Process control/validationProcess control/validation
Analytical method validationAnalytical method validation
How does the phase of clinical trial factor in?How does the phase of clinical trial factor in?
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Topics (cont.)Topics (cont.)
How to deal with manufacturing changesHow to deal with manufacturing changes

What is Comparability?What is Comparability?

What to include in your IND (CMC section)?What to include in your IND (CMC section)?
Appropriate product release specificationsAppropriate product release specifications

Operational approachesOperational approaches
How does this apply to the cell processing laboratory?How does this apply to the cell processing laboratory?

Challenges, obstacles and strategies specific to Challenges, obstacles and strategies specific to 
cell therapiescell therapies
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Diversity of Products and ApplicationsDiversity of Products and Applications

Inducible lethal “suicide” gene therapyInducible lethal “suicide” gene therapyCancerCancer
Angiogenesis gene therapyAngiogenesis gene therapyCardiovascular disordersCardiovascular disorders

Gene therapy Gene therapy -- multiple cell typesmultiple cell typesGenetic disordersGenetic disorders

Dendritic cells, NK cells, lymphocytes, Dendritic cells, NK cells, lymphocytes, 
macrophagesmacrophages

Cancer, autoimmune diseases, Cancer, autoimmune diseases, 
infectious diseasesinfectious diseases

Immune effector cell Immune effector cell 
therapytherapy

Neural cells, stem cells, macrophagesNeural cells, stem cells, macrophagesNeurologic disorders, injuryNeurologic disorders, injury

Keratinocytes, dermal fibroblastsKeratinocytes, dermal fibroblastsWound healingWound healing

Gene replacement, Gene replacement, 
modificationmodification

Metabolic replacement, Metabolic replacement, 
supportsupport

Tissue repair, Tissue repair, 
regenerationregeneration

Immune, hematopoietic Immune, hematopoietic 
replacementreplacement

Gene replacement therapyGene replacement therapyImmunodeficienciesImmunodeficiencies
Bioartificial kidneyBioartificial kidneyRenal failureRenal failure

Bioartificial liver, hepatocytes, stem Bioartificial liver, hepatocytes, stem 
cellscells

Liver failure, metabolic Liver failure, metabolic 
disordersdisorders

Islet cells, stem cellsIslet cells, stem cellsDiabetesDiabetes

Chondrocytes, MSCChondrocytes, MSCOrthopedic disordersOrthopedic disorders

Cardiomyocytes, bone marrowCardiomyocytes, bone marrowCardiovascular disordersCardiovascular disorders

Blood, bone marrow HPC/HSC, MSCBlood, bone marrow HPC/HSC, MSCCancer, autoimmune diseases, Cancer, autoimmune diseases, 
immunodeficienciesimmunodeficiencies
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Regulatory PathwayRegulatory Pathway
361 products361 products

GTP regulations apply GTP regulations apply (CFR 1271)(CFR 1271)
Focus on safety; minimizing communicable disease Focus on safety; minimizing communicable disease 
riskrisk
Full characterization not usually performedFull characterization not usually performed

351 products351 products
GMP regulations apply GMP regulations apply (CFR 210, 211)(CFR 210, 211)
Safety and product characterization importantSafety and product characterization important
Developed through clinical trialsDeveloped through clinical trials
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Product Characterization Product Characterization 

“ Characterization of a biological product “ Characterization of a biological product 
(includes determination of physiochemical (includes determination of physiochemical 
properties, biological activity, immunochemical properties, biological activity, immunochemical 
properties, purity and impurities) by appropriate properties, purity and impurities) by appropriate 
techniques is necessary to allow relevant techniques is necessary to allow relevant 
specifications to be established.” specifications to be established.” 
ICH Q6B, Guidance on Specifications: Test Procedures and AcceptaICH Q6B, Guidance on Specifications: Test Procedures and Acceptance Criteria for nce Criteria for 
Biotechnological/Biological ProductsBiotechnological/Biological Products
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Product Characterization Product Characterization –– Why?Why?

Specifications help to ensure product quality Specifications help to ensure product quality 
Measurements can assess product integrity and Measurements can assess product integrity and 
stabilitystability
Product parameters can help anticipate possible Product parameters can help anticipate possible 
adverse eventsadverse events
Demonstrate control of manufacturing process and Demonstrate control of manufacturing process and 
ensure lotensure lot--toto--lot consistencylot consistency
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Product CharacterizationProduct Characterization –– ElementsElements
SafetySafety

Freedom from adventitious agents: bacteria, fungi, mycoplasma, vFreedom from adventitious agents: bacteria, fungi, mycoplasma, virusesiruses

PurityPurity
Freedom from extraneous materialFreedom from extraneous material

IdentityIdentity
Specific to the product in a manner as to adequately identify itSpecific to the product in a manner as to adequately identify it on on 
containers and labelscontainers and labels

PotencyPotency
Measure of the product’s relevant biological functionMeasure of the product’s relevant biological function
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Safety TestingSafety Testing
Sterility Testing Sterility Testing –– microbial culturesmicrobial cultures

Different methods used: Different methods used: BactecBactec, , BacTBacT--Alert, 14Alert, 14--day cultureday culture
21 CFR 610.12, USP sterility, or validated equivalent by 21 CFR 610.12, USP sterility, or validated equivalent by 
phase IIIphase III
Should there be different validation requirements for GTP Should there be different validation requirements for GTP 
products?products?

MycoplasmaMycoplasma (21 CFR 610.30)

Consider validating PCRConsider validating PCR--based alternative assaybased alternative assay

Adventitious agentsAdventitious agents
Commonly follows practice for blood donor testing, other Commonly follows practice for blood donor testing, other 
agents tested as appropriate (agents tested as appropriate (xenogeneicxenogeneic exposure)exposure)
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Safety Testing StrategiesSafety Testing Strategies
Cryopreserved products Cryopreserved products -- preferredpreferred

Thaw and administer product when release testing completeThaw and administer product when release testing complete
Release testing performed on preRelease testing performed on pre--cryopreservation productcryopreservation product

Clinical product thawed and administered Clinical product thawed and administered without further testing (!)without further testing (!)
Products administered freshProducts administered fresh

Culture 24Culture 24--48 hr pre48 hr pre--harvest, repeat prior to infusionharvest, repeat prior to infusion
Stat Gram stain and endotoxin, prior to infusionStat Gram stain and endotoxin, prior to infusion
Release based on negative 48Release based on negative 48--hr culture, Gram stain, endotoxin, final results hr culture, Gram stain, endotoxin, final results 
pendingpending

Specific to stem cell products where patients are lethally Specific to stem cell products where patients are lethally 
myeloablatedmyeloablated

May release product with release testing results pending May release product with release testing results pending 
May administer despite failure to meet release criteria (May administer despite failure to meet release criteria (!!))
Release under exception, report as deviation, clinical release bRelease under exception, report as deviation, clinical release by patient’s y patient’s 
physician and lab medical director, should inform the patient ofphysician and lab medical director, should inform the patient of risksrisks
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Purity, Identity Testing IPurity, Identity Testing I
Cell Viability, Morphology, Cell CountsCell Viability, Morphology, Cell Counts

Trypan BlueTrypan Blue

Predicted ViabilityPredicted Viability
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Cell viabilityCell viability
TrypanTrypan blue, blue, acridineacridine orangeorange--
propidium iodide, 7propidium iodide, 7--AADAAD

TechnologyTechnology
Manual hemacytometerManual hemacytometer
Automated impedanceAutomated impedance--based cell countersbased cell counters
Image analysis instrumentsImage analysis instruments
Controls in place Controls in place 
Limitations and variabilityLimitations and variability

Transfusion 2000 40:693-96
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Purity, Identity Testing IIPurity, Identity Testing II
ImmunophenotypeImmunophenotype Determination Determination –– Flow CytometryFlow Cytometry

Flow cytometry Flow cytometry -- an essential element an essential element 
of product definition for most cell of product definition for most cell 
therapies although certain tissuetherapies although certain tissue--
based products not easily analyzedbased products not easily analyzed
Multiple cell surface antigens may be Multiple cell surface antigens may be 
tested to develop product tested to develop product 
specificationsspecifications
Potential sources of error including Potential sources of error including 
variability and subjective variability and subjective 
interpretationinterpretation
Requires optimization, rigorous Requires optimization, rigorous 
control, control, validationvalidation -- yet full IQ/OQ/PQ yet full IQ/OQ/PQ 
rarely performed on flow rarely performed on flow cytometerscytometers
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Purity Testing Purity Testing –– Impurities Impurities 
Detection of reagents used in manufacturingDetection of reagents used in manufacturing

Residual peptidesResidual peptides
ProteinsProteins
CytokinesCytokines
AntibodiesAntibodies
SeraSera

PyrogenPyrogen testingtesting
EndotoxinEndotoxin (21 CFR 610.13)(21 CFR 610.13)

Dose < 5 EU/Kg/hrDose < 5 EU/Kg/hr

Detection of productDetection of product--related impuritiesrelated impurities
Tumor cellsTumor cells
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PotencyPotency
PotencyPotency

Quantitative Quantitative measurement(smeasurement(s) of a relevant ) of a relevant 
biological function or activitybiological function or activity
Examples:Examples:

Antigen presentationAntigen presentation
CytotoxicityCytotoxicity
Cytokine releaseCytokine release
ClonogenicityClonogenicity



www.ac-gt.com

ValidationValidation
FacilityFacility
EquipmentEquipment
ProcessesProcesses

All manufacturing 
processes
Significant manufacturing 
process changes

Analytical methodsAnalytical methods
Raw material
In-process product
Final product

Sterility assurance

“Establishing documented 
evidence which provides a 
high degree of assurance 
that a specific process will 
consistently produce a 
product meeting its pre-
determined specifications
and quality attributes.”
FDA, Guidelines on General Principles of 
Process Validation,1987

Sterility assurance
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Qualification/Validation Qualification/Validation -- IQ, OQ, PQIQ, OQ, PQ
1.1. ObjectiveObjective
2.2. ScopeScope
3.3. ResponsibilitiesResponsibilities
4.4. DefinitionsDefinitions
5.5. Reference MaterialsReference Materials
6.6. Documentation ProceduresDocumentation Procedures
7.7. System DescriptionSystem Description
8.8. Installation, Operational, Process QualificationInstallation, Operational, Process Qualification
9.9. DeviationsDeviations
10.10. AttachmentsAttachments
11.11. Final ReportFinal Report
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Performance Qualification Performance Qualification 
PQ study verifies performance, under realPQ study verifies performance, under real--life conditions, life conditions, 
across anticipated working rangeacross anticipated working range

Helps to develop consistency of process, evidence of control, peHelps to develop consistency of process, evidence of control, performance rformance 
effectseffects

Clinical cellular raw material rarely available for PQ; often Clinical cellular raw material rarely available for PQ; often 
use mock critical raw material (normal donor cells, other)use mock critical raw material (normal donor cells, other)
PQ outcome specifications PQ outcome specifications -- examplesexamples

Sterility cultures negativeSterility cultures negative
MNC viability >90% postMNC viability >90% post--cryopreservationcryopreservation/thaw/thaw
CD34CD34++ cell purity > 90% and recovery > 80%, CFUcell purity > 90% and recovery > 80%, CFU--GM recovery > 50%GM recovery > 50%
>X log>X log1010 removal of spiked tumor cellsremoval of spiked tumor cells
Engraftment indices Engraftment indices -- days to ANC > 500, days to platelet countdays to ANC > 500, days to platelet count
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Analytical Method Validation Analytical Method Validation 
ParametersParameters

(USP and ICH)(USP and ICH)

AccuracyAccuracy
PrecisionPrecision
Limit of DetectionLimit of Detection
Limit of Limit of QuantitationQuantitation
SpecificitySpecificity
Linearity and RangeLinearity and Range
Ruggedness, RobustnessRuggedness, Robustness
SuitabilitySuitability



www.ac-gt.com

Analytical Method Validation IssuesAnalytical Method Validation Issues

Determine analytical method’s suitability for Determine analytical method’s suitability for 
providing useful dataproviding useful data

Quantify assay performance characteristicsQuantify assay performance characteristics

Identify potential sources of errorIdentify potential sources of error

Quantify potential errorsQuantify potential errors

Realize that validation more than simply repetitive Realize that validation more than simply repetitive 
performance of assayperformance of assay
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FDA “Sliding Scale”FDA “Sliding Scale”
Requirements Increase With Product Requirements Increase With Product 

DevelopmentDevelopment

QA & QC, Clinical Monitoring ProgramQA & QC, Clinical Monitoring Program

Full Full GMPsGMPs
21 CFR 210, 21121 CFR 210, 211

Full Product Full Product 
CharacterizationCharacterization

21 CFR 61021 CFR 610

Phase IIIPhase III

Phase IPhase I
Phase IIPhase II

PrePre--ClinicalClinical
Basic Product Basic Product 

CharacterizationCharacterization

Basic Process Basic Process 
Control Control 
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FDA Regulatory RequirementsFDA Regulatory Requirements
Progressive implementation of compliance with Progressive implementation of compliance with 
cGMPscGMPs throughout clinical trialsthroughout clinical trials

“Spirit of GMP”  vs. Total GMP compliance “Spirit of GMP”  vs. Total GMP compliance 
Degree of product characterizationDegree of product characterization

Safety and basic process control early on, with Safety and basic process control early on, with 
appropriate release specifications ensuring safety) appropriate release specifications ensuring safety) 
then refine and tighten later, develop potency assaythen refine and tighten later, develop potency assay

Degree of process and analytical validation Degree of process and analytical validation 
Degree of QC/QADegree of QC/QA
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What to include in your INDWhat to include in your IND

How product will be characterized How product will be characterized –– safety, safety, 
identity, purity, potency, viability, cell dose/numberidentity, purity, potency, viability, cell dose/number
Production procedures (inProduction procedures (in--process testing)process testing)
Process controls to minimize crossProcess controls to minimize cross--contaminationcontamination
Final product releaseFinal product release
Stability (inStability (in--process, final)process, final)
Validation and qualification of manufacturing Validation and qualification of manufacturing 
process (QA/QC program)process (QA/QC program)
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Product Release SpecificationsProduct Release Specifications

Chosen to confirm quality Chosen to confirm quality 
rather than characterize the rather than characterize the 
productproduct
Provide assurance that quality Provide assurance that quality 
of the product maintainedof the product maintained
Linked to the manufacturing Linked to the manufacturing 
processprocess
Linked to preclinical and Linked to preclinical and 
clinical studiesclinical studies
Linked to analytical proceduresLinked to analytical procedures

Include in Batch RecordInclude in Batch Record
Appearance and Appearance and 
DescriptionDescription
IdentityIdentity
Purity and ImpuritiesPurity and Impurities
PotencyPotency
QuantityQuantity
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Product Release Specifications Product Release Specifications -- ExampleExample

Cell viabilityCell viability >>70%70%

Percent CD3Percent CD3++ cellscells
(Post CD3 depletion,(Post CD3 depletion,
Pre ILPre IL--2 activation)2 activation)

<5% CD3<5% CD3++ cellscells

Microbial culturesMicrobial cultures
(48 hr pre(48 hr pre--harvest)harvest) Preliminary results negativePreliminary results negative

Endotoxin (LAL)Endotoxin (LAL) <0.5 EU/mL<0.5 EU/mL

Gram stainGram stain No organisms observedNo organisms observed

MycoplasmaMycoplasma NegativeNegative
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What happens if you change your What happens if you change your 
Process during clinical trials?Process during clinical trials?

Examples:Examples:
Change from open to closed methods resulting in improvements Change from open to closed methods resulting in improvements 
in yield, better aseptic processingin yield, better aseptic processing

Other changes in process control, test methodsOther changes in process control, test methods

Facility changes, addition of manufacturing sitesFacility changes, addition of manufacturing sites

Assess improvements/changes to manufacturing Assess improvements/changes to manufacturing 
process, do these changes effect safety, purity, potency?process, do these changes effect safety, purity, potency?

Should demonstrate product comparabilityShould demonstrate product comparability
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Comparability Comparability -- Bridging the ChangesBridging the Changes
Demonstrate comparability using:Demonstrate comparability using:

Analytical testingAnalytical testing
Biological assaysBiological assays
Preclinical animal studiesPreclinical animal studies
Clinical testing Clinical testing -- as neededas needed

Compare “old” versus “new”Compare “old” versus “new”
Detail in a written comparability protocolDetail in a written comparability protocol
Describe changes in your INDDescribe changes in your IND

Changes may require new INDChanges may require new IND
Best to contact your FDA reviewer with questionsBest to contact your FDA reviewer with questions

Justify your position with dataJustify your position with data



www.ac-gt.com

Practical Considerations Practical Considerations 
Significant differences in performing work in research lab Significant differences in performing work in research lab 
vs. GMP environmentvs. GMP environment
Adequate time and staff needed to perform necessary Adequate time and staff needed to perform necessary 
analytical and process qualification/validations, media analytical and process qualification/validations, media 
fills, etc.fills, etc.
Who does what in the cell processing laboratory?Who does what in the cell processing laboratory?

Investigator/sponsor knows the product bestInvestigator/sponsor knows the product best
Translational group needed to bridge preTranslational group needed to bridge pre--clinical and help develop GMP clinical and help develop GMP 
manufacturingmanufacturing
QA/QC group knows principles of validation, perform or at least QA/QC group knows principles of validation, perform or at least review QC review QC 
testing, and ensure appropriate product releasetesting, and ensure appropriate product release
Outside laboratories with particular expertise may be neededOutside laboratories with particular expertise may be needed
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Practical Considerations (cont.)Practical Considerations (cont.)
Identify the appropriate team with the right expertiseIdentify the appropriate team with the right expertise

Principal InvestigatorPrincipal Investigator
Research TechResearch Tech
Clinical Med Tech/Manufacturing TechClinical Med Tech/Manufacturing Tech
QA/QCQA/QC
Lab DirectorLab Director

Have a good project plan and timeline in placeHave a good project plan and timeline in place
Teamwork is critical to product development, Teamwork is critical to product development, 
product quality and patient safetyproduct quality and patient safety
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Regulatory InterdependenceRegulatory Interdependence
Characterization

Identity
Purity

Potency

Manufacturing
Process Control

Qualification/Validation
QA/QC Tracking

Consistency
Specifications

Stability
Comparability

Product Safety
Donor Screening
Microbial Testing

Pyrogenicity
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Challenges Specific to Cell TherapiesChallenges Specific to Cell Therapies
Living cells have significant biologic Living cells have significant biologic 
variabilityvariability

Autologous and allogeneic donor variabilityAutologous and allogeneic donor variability
Heterogeneous composition Heterogeneous composition -- even even 
when highly purifiedwhen highly purified

Known and unknown cell subpopulationsKnown and unknown cell subpopulations

Products are generally patient specificProducts are generally patient specific
1 donor = 1 product = 1 patient1 donor = 1 product = 1 patient
Some exceptions Some exceptions –– e.g. e.g. allogeneicallogeneic MSCMSC

Limited stabilityLimited stability
Short shelfShort shelf--lifelife

Complete product characterization is Complete product characterization is 
likely unattainable

““>95% CD34>95% CD34++ cells”cells”““>95% CD34>95% CD34++ cells”cells”

likely unattainable
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Product Characterization Product Characterization -- ObstaclesObstacles

How much information is needed for your IND?  For a How much information is needed for your IND?  For a 
specific stage of development?specific stage of development?
Appropriate stringency of Appropriate stringency of GMPsGMPs for Phase I?for Phase I?
Trying to live up to GMP/GTP in a hospital environmentTrying to live up to GMP/GTP in a hospital environment
“… potentially lifesaving products”  failing release specs“… potentially lifesaving products”  failing release specs
Dealing with manufacturing changes, comparabilityDealing with manufacturing changes, comparability
Potency testingPotency testing

Establishing “relevant biological function”Establishing “relevant biological function”
Establishing/optimizing analytical toolsEstablishing/optimizing analytical tools



www.ac-gt.com

SummarySummary
Product characterization is fundamental to wellProduct characterization is fundamental to well--controlled production controlled production 
of cellular therapiesof cellular therapies

Central ConceptsCentral Concepts
Product safety, purity, identity and potencyProduct safety, purity, identity and potency
Process and analytical validation, process controlProcess and analytical validation, process control
Novel release testing strategies for cellular therapiesNovel release testing strategies for cellular therapies

QC testing alone cannot assure product safety, qualityQC testing alone cannot assure product safety, quality
Cell therapy products cannot be fully characterizedCell therapy products cannot be fully characterized

The manufacturing process must protect product, patientThe manufacturing process must protect product, patient

Controlled, consistent processes Controlled, consistent processes ⇒⇒ controlled, consistent productscontrolled, consistent products
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Thank you!Thank you!


	Product CharacterizationOverview and Practical Considerations
	Topics
	Topics (cont.)
	Diversity of Products and Applications
	Regulatory Pathway
	Product Characterization
	Product Characterization – Why?
	Product Characterization – Elements
	Safety Testing
	Safety Testing Strategies
	Purity, Identity Testing ICell Viability, Morphology, Cell Counts
	Purity, Identity Testing IIImmunophenotype Determination – Flow Cytometry
	Purity Testing – Impurities
	Potency
	Validation
	Qualification/Validation - IQ, OQ, PQ
	Performance Qualification
	Analytical Method Validation Parameters(USP and ICH)
	Analytical Method Validation Issues
	FDA “Sliding Scale”Requirements Increase With Product Development
	FDA Regulatory Requirements
	What to include in your IND
	Product Release Specifications
	Product Release Specifications - Example
	What happens if you change your Process during clinical trials?
	Comparability - Bridging the Changes
	Practical Considerations
	Practical Considerations (cont.)
	Regulatory Interdependence
	Challenges Specific to Cell Therapies
	Product Characterization - Obstacles
	Summary
	References

