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ProcessValidationisthemostimportantandrecognisedparametersofCGMPs.The
requirementofprocessvalidationappearsofthequalitysystem (QS)regulation.Thegoalofa
qualitysystem istoconsistentlyproduceproductsthatarefitfortheirintendeduse.
Processvalidationisakeyelementinassuringthattheseprinciplesandgoalaremet.The
processvalidationisstandardizationofthevalidationdocumentsthatmustbesubmittedwith
thesubmissionfileformarketingauthorization.Theprocessvalidationisintendedtoassist
manufacturersinunderstandingqualitymanagementsystem (QMS)requirementsconcerning
process validation and has generalapplicability to manufacturing process.According to
FDA,assuranceofproductqualityisderivedfrom carefulandsystemicattentiontoanumberof
importancefactors,including:selectionofqualityprocessthroughin-processandend-product
testing.
PROCESSVALIDATIONDEFINITION
Validationmeansdemonstration,byprovisionofobjectiveevidencethatconsistentlymeetsits
predetermined requirements.Itis,therefore,an elementofthequalityassurance program
associatedwithaparticularproductorprocess.“Processvalidationisadocumentedprogram
whichprovidesahigherdegreeofassurancethataspecificprocesswillproduceaproduct
meetingitspredeterminedspecifications& qualityattributes.”Thebasicprinciplesofquality
assurancehaveastheirgoaltheproductionofproductsthatarefitfortheirintendeduse.

 DrugEfficacy
 Computersystem Output
 Safetyofmedicaldevice
 Effectivenessofsterilizer
 Abilityofmanufacturingtheacceptableproduct

FDA issuedanoticeannouncingtheavailabilityofaguidanceentitledGuidelineonGeneral
PrinciplesofProcessValidation(the1987guidance).Sincethen,wehaveobtainedadditional
experiencethroughourregulatoryoversightthatallowsustoupdateourrecommendationsto
industryonthistopic.ThisrevisedguidanceconveysFDA’scurrentthinkingonprocessvalidation
and isconsistentwith basicprinciplesfirstintroduced in the1987 guidance.Therevised
guidancealsoprovidesrecommendationsthatreflectsomeofthegoalsofFDA’sinitiative
entitled “Pharmaceuticals. CGMPsforthe21stCentury― A Risk-Based Approach,”
particularlywithregardtotheuseoftechnologicaladvancesinpharmaceutical
manufacturing,aswellasimplementationofmodernriskmanagementandqualitysystem tools
andconcepts.Thisrevisedguidancereplacesthe1987guidance.
FDAhastheauthorityandresponsibilitytoinspectandevaluateprocessvalidationperformedby
manufacturers.
The CGMP regulationsforvalidating pharmaceutical(drug)manufacturing require thatdrug
productsbeproduce withahighdegreeofassuranceofmeetingalltheattributestheyare
intendedtopossess.
PRINCIPLEFORPROCESSVALIDATION
Thebasicprincipleforvalidationmaybe
statedasfollows:
1.InstallationQualification(IQ):
Theprocessorequipmentmeetsall
specifications,isinstalledcorrectly,andallrequiredcomponentsanddocumentationneededfor
continuedoperationareinstalledandinplace.
IQconsiderationsare:
•Designfeaturesofequipment(materialofconstructioncleanability.)
•EquipmentInstallationconditions(wiring,utility,functionality,etc.)
•Calibration,preventativemaintenance,cleaningschedules.



•Safetyfeatures.
•Supplierdocumentation,prints,
drawingsandmanuals.
•DocumentedSoftware.
•Environmentalconditionsofthe
manufacturingarea(suchasclean
room requirements,
temperature,andhumidity).
2.OperationalQualification(OQ):Theprocessorequipmentareoperatingcorrectly.Operational
qualification(OQ)shouldfollowInstallationqualification.
OQconsiderationsinclude:
•ControllimitsofProcess(time,
temperature,pressure,linespeed,setupconditions,etc.)
•Softwareparameters.
•Specificationsofrawmaterial. •Operatingproceduresfortheprocess.
•Materialhandlingrequirements.
•Processchangecontrol.
•Training.
3.PerformanceQualification(PQ)

Theprocessorequipmentperformsasintendedinaconsistentmannerovertime.It
shouldfollowsuccessfulcompletionofInstallationqualificationandOperationalqualification.
PQconsiderationsinclude:
•ActualproductandprocessparametersandproceduresestablishedinOQ.
•Acceptabilityoftheproduct.
•Assuranceofprocesscapabilityas
establishedinOQ.
•Processrepeatability,longterm processstability.
4.Re–Qualification:Thisformalreview shouldincludeconsiderationofre-qualificationofthe
equipment.Minorchangesorchangeshavingnodirecteffectingfinalorin-processproduct
qualityshouldbehandledthroughthedocumentationsystem ofthepreventivemaintenance
program.
ApproachtoProcessValidation
Processvalidationdefinedasthecollectionandevaluationofdata,from theprocessdesign
stagethroughcommercialproduction,whichincludescientificevidencethataprocessiscapable
ofconsistentlydeliveringqualityproduct.ProcessThisguidancedescribesprocessvalidation
activitiesinthreestages.
Stage1–ProcessDesign:Thecommercialmanufacturingprocessisdefinedduringthisstage
basedonknowledgegainedthroughdevelopmentandscale-upactivities.
Stage--2–ProcessQualification:
Duringthisstage,theprocessdesignisevaluatedtodetermineiftheprocessiscapableof
reproduciblecommercialmanufacturing.
Stage3–ContinuedProcess:
Verification:Ongoingassuranceisgainedduringroutineproductionthattheprocessremainsina
stateofcontrol.Beforeanybatchfrom theprocessiscommerciallydistributedforuseby
consumers,amanufacturershouldhavegainedahighdegreeofassuranceintheperformanceof
themanufacturingprocesssuchthatitwillconsistentlyproduceAPIsanddrugproductsmeeting
thoseattributesrelatingtoidentity,strength,quality,purity,andpotency.Theassuranceshould
beobtainedfrom objectiveinformationanddatafrom laboratory-pilot-,and/orcommercial-scale
studies.Informationanddatashoulddemonstratethatthecommercial. manufacturingprocess
is capable of consistently producing acceptable quality products within commercial
manufacturingconditions.
Asuccessfulvalidationprogram dependsuponinformationandknowledgefrom productand
process development.This knowledge and understanding is the basis forestablishing an
approachtocontrolofthemanufacturingprocessthatresultinproductswiththedesiredquality
attributes.
Manufacturersshould:



Understandthesourcesofvariation
Detectthepresenceanddegreeofvariation
Understandtheimpactofvariationontheprocessandultimatelyonproductattributes
Controlthevariationinamannercommensuratewiththeriskitrepresentstotheprocess.
Stage1―ProcessDesign
Processdesignistheactivityof
defining the commercialmanufacturing process thatwillbe reflected in planned master
productionandcontrolrecords.
Thegoalofthisstageistodesigna
processsuitableforroutinecommercial
manufacturingthatcanconsistently
deliveraproductthatmeetsitsqualityattributes.
A.BuildingandCapturingProcess
KnowledgeandUnderstandingGenerally,earlyprocessdesignexperimentsdonotneedtobe
performedundertheCGMPconditionsrequiredfordrugsintendedforcommercialdistribution
thataremanufacturedduringStage2(processqualification)andStage3(continuedprocess
verification).Theyshould,however,beconductedinaccordancewithsoundscientificmethods
andprinciples,includinggooddocumentation. practices.Decisionsandjustificationofthe
controlsshouldbesufficientlydocumentedandinternallyreviewedtoverifyandpreservetheir
valueforuseoradaptationlaterinthelifecycleoftheprocessandproduct.

Productdevelopmentactivitiesprovidekeyinputstotheprocessdesignstage,suchasthe
intendeddosageform,thequalityattributes,andageneralmanufacturingpathway.Process
informationavailablefrom productdevelopmentactivitiescanbeleveragedintheprocessdesign
stage.Thefunctionalityand limitations ofcommercialmanufacturing equipmentshould be
consideredintheprocessdesign,aswellaspredictedcontributionstovariabilityposedby
differentcomponentlots,production operators,environmentalconditions,and measurement
systemsintheproductionsetting.However,thefullspectrum ofinputvariabilitytypicalof
commercialproductionisnotgenerallyknownatthisstage.Laboratoryorpilot-scalemodels
designedtoberepresentativeofthecommercialprocesscanbeusedtoestimatevariability.
Designinganefficientprocesswithaneffectiveprocesscontrolapproachisdependentonthe
processknowledgeandunderstandingobtained.DesignofExperiment(DOE)studiescanhelp
develop process knowledge by revealing relationships,including multivariate interactions,
betweenthevariableinputs(e.g.,componentcharacteristics13orprocessparameters)andthe
resultingoutputs(e.g.,in-processmaterial,intermediates,orthefinalproduct).

B.EstablishingaStrategyforProcessControlProcessknowledgeandunderstandingisthebasis
forestablishinganapproachtoprocesscontrolforeachunitoperationandtheprocessoverall.
Strategiesforprocesscontrolcanbedesignedtoreduceinputvariation,adjustforinputvariation
duringmanufacturing(andsoreduceitsimpactontheoutput),orcombinebothapproaches.FDA
expectscontrolstoincludebothexaminationofmaterialqualityandequipmentmonitoring.
Specialattentiontocontroltheprocessthroughoperationallimitsandin-processmonitoringis
essentialintwo
possiblescenarios:
1.When the productattribute is notreadily measurable due tolimitations ofsampling or
detectability(e.g.,viralclearanceormicrobialcontamination)
2.Whenintermediatesandproductscannotbehighlycharacterizedandwell-definedquality
attributescannotbeidentified.

Theplannedcommercialproductionandcontrolrecords,whichcontaintheoperational
limitsandoverallstrategyforprocesscontrol,shouldbecarriedforwardtothenextstagefor
confirmation.
Stage2―ProcessQualification
Duringtheprocessqualification(PQ)stageofprocessvalidation,theprocessdesignisevaluated
to determineifitiscapableofreproduciblecommercialmanufacture.Thisstagehastwo
elements:designofthefacilityandqualificationoftheequipmentandutilitiesandprocess
performancequalification(PPQ).DuringStage2,CGMP-compliantproceduresmustbefollowed.
Successfulcompletionof



Stage2isnecessarybeforecommercialdistribution.15Productsmanufacturedduringthisstage,
ifacceptable,canbereleasedfordistribution.
A.Design ofa Facility and Qualification ofUtilities and EquipmentProperdesign ofa
manufacturingfacilityisrequiredunderpart211,subpartC,oftheCGMPregulationson
BuildingsandFacilities.Itisessentialthatactivitiesperformedtoassureproperfacilitydesign
andcommissioningprecedePPQ.Here,theterm qualificationreferstoactivitiesundertakento
demonstratethatutilitiesandequipmentaresuitablefortheirintendeduseandperform properly.
Theseactivitiesnecessarilyprecedemanufacturingproductsatthecommercialscale.
Qualificationofutilitiesandequipmentgenerallyincludesthefollowingactivities:
Selectingutilitiesandequipmentconstructionmaterials,operatingprinciples,andperformance
characteristicsbasedonwhethertheyareappropriatefortheirspecificuses.
Verifyingthatutilitysystemsandequipmentarebuiltandinstalledincompliancewiththedesign
specifications(e.g.,builtasdesignedwithpropermaterials,capacity,andfunctions,
andproperlyconnectedandcalibrated).
Verifying that utility systems and equipment operate in accordance with the process
requirementsinallanticipatedoperatingranges.Thisshouldincludechallengingtheequipment
orsystem functionswhileunderloadcomparabletothatexpectedduringroutineproduction.It
shouldalsoincludetheperformanceofinterventions,stoppage,andstart-upasisexpected
duringroutineproduction.
Operatingrangesshouldbeshowncapableofbeingheldaslongaswouldbenecessaryduring
routineproductionQualificationofutilitiesandequipmentcanbecoveredunderindividualplans
oraspartofanoverallprojectplan.Theplanshouldconsidertherequirementsofuseandcan
incorporateriskmanagementtoprioritizecertainactivitiesandtoidentifyalevelofeffortinboth
theperformanceanddocumentationofqualificationactivities.
Theplanshouldidentifythefollowingitems:

 Thestudiesorteststouse,
 Thecriteriaappropriatetoassess

outcomes,
 Thetimingofqualificationactivities,
 Theresponsibilitiesofrelevant

departmentsandthequalityunit,and
 Theproceduresfordocumentingandapprovingthequalification.

B.ProcessPerformanceQualification:Theprocessperformancequalification
(PPQ)isthesecondelementofStage2,processqualification.ThePPQ combinestheactual
facility,utilities,equipment(eachnowqualified),andthetrainedpersonnelwiththecommercial
manufacturingprocess,controlprocedures,andcomponentstoproducecommercialbatches.
A successfulPPQ willconfirm the process design and demonstrate thatthe commercial
manufacturingprocessperformsasexpected.
Successatthisstagesignalsan
importantmilestoneintheproduct
lifecycle.Amanufacturermust
successfullycompletePPQbefore
commencingcommercialdistributionofthedrugproduct.Thedecisiontobegincommercial
distributionshouldbesupportedbydatafromcommercial-scalebatches.Datafrom laboratory
andpilotstudiescanprovideadditionalassurancethatthecommercial
manufacturingprocessperformsas
expected.TheapproachtoPPQshouldbebasedonsoundscienceandthemanufacturer’soverall
levelofproductandprocessunderstandinganddemonstrable
control.Thecumulativedatafrom allrelevantstudies(e.g.,designed
experiments;laboratory,pilot,and
commercialbatches)shouldbeusedtoestablishthemanufacturingconditionsinthePPQ.To
understandthecommercialprocesssufficiently,themanufacturerwillneedtoconsiderthe
effectsofscale.However,itisnot
typicallynecessarytoexploretheentire
operatingrangeatcommercialscaleifassurancecanalsobehelpful.Inaddition,westrongly
recommendfirmsemployobjectivemeasures(e.g.,statisticalmetrics)whereverfeasibleand



meaningfultoachieveadequateassurance.
1.PPQProtocolAwrittenprotocolthatspecifiesthemanufacturingconditions,controls,testing,
andexpectedoutcomesisessentialforthisstageofprocessvalidation.Werecommendthatthe
protocoldiscussthefollowingelements:

 Themanufacturingconditions,
includingoperatingparameters,
processinglimits,andcomponent

(rawmaterial)inputs.
 Thedatatobecollectedandwhenandhowitwillbeevaluated.
 Teststobeperformed(in-process,

release,characterization)and
acceptancecriteriaforeachsignificant
processingstep.

 Thesamplingplan,includingsamplingpoints,numberofsamples,andthefrequencyof
sampling foreach unitoperationand attribute.Thenumberofsamplesshould be
adequatetoprovidesufficientstatisticalconfidenceofqualitybothwithinabatchand
betweenbatches.Theconfidencelevelselectedcanbebasedonriskanalysisasit
relatestotheparticularattributeunderexamination.Samplingduringthisstageshould
bemoreextensivethanistypicalduringroutineproduction.

 Criteriaandprocessperformance
indicatorsthatallowforscience-and
risk-baseddecisionabouttheabilityof
processtoconsistentlyproducequality
products.

Thecriteriashouldinclude:
 A description of the statistical methods to be used in analyzing all

collected data (e.g.,statisticalmetrics defining both intra-batch and inter-batch
variability).

 Provision foraddressing deviationsfrom expected conditionsand handling ofnon
conformingdata.Datashouldnotbeexcludedfrom furtherconsiderationintermsof
PPQwithoutadocumented,science-basedjustification..

 Designoffacilitiesandthequalificationofutilitiesandequipment,personneltrainingand
qualification,andverificationofmaterialsources(componentsandcontainer/closures),
ifnotpreviouslyaccomplished.

 Statusofthevalidationofanalyticalmethodsusedinmeasuringtheprocess,in-process
materials,and the product.Review and approvalofthe protocolby appropriate
departmentsandthequalityunit.Stage3―ContinuedProcessVerification.

Thegoalofthethirdvalidationstageiscontinualassurancethattheprocessremainsina
stateofcontrol(thevalidatedstate)duringcommercialmanufacture.Asystem orsystemsfor
detectingunplanneddeparturesfrom theprocessasdesignedisessentialtoaccomplishthis
goal.AdherencetotheCGMPrequirements,specifically,thecollectionandevaluationof
informationanddataabouttheperformanceoftheprocess,willallow detectionofundesired
process variability.Evaluating the performance of the process identifies problems and
determineswhetheractionmustbetakentocorrect,anticipate,andpreventproblemssothatthe
processremainsincontrol.
Anongoingprogram tocollectandanalyseproductandprocessdatathatrelatetoproduct
qualitymustbeestablished.Thedatacollectedshouldincluderelevantprocesstrendsand
qualityofincomingmaterialsorcomponents,in-processmaterial,andfinishedproducts.The
datashouldbestatisticallytrendedandreviewedbytrainedpersonnel.
The information collected should verifythatthe qualityattributes are being appropriately
controlledthroughouttheprocess.
Werecommendthatastatisticianorpersonwithadequatetraininginstatisticalprocesscontrol
techniquesdevelopthedatacollectionplanandstatisticalmethodsandprocedures
usedinmeasuringandevaluatingprocessstabilityandprocesscapability.Proceduresshould
describe how trending and calculations are to be performed and should guard against



overreaction to individualevents as wellas againstfailure to detectunintended process
variability.Productiondatashouldbecollectedtoevaluateprocessstabilityandcapability.The
qualityunitshouldreview thisinformation.Ifproperlycarriedout,theseeffortscanidentify
variabilityintheprocessand/orsignalpotentialprocessimprovements.

STATUTORYANDREGULATORYREQUIREMENTSFORPROCESSVALIDATION

Processvalidationfordrugs(finishedpharmaceuticalsandcomponents)isalegallyenforceable
requirementundersection501(a)(2)(B)oftheAct(21U.S.C.351(a)(2)(B)),whichstatesthe
following:
Adrugshallbedeemedtobeadulteratedifthemethodsusedin,orthefacilitiesorcontrolsused
for,itsmanufacture,processing,packing,orholdingdonotconform toorarenotoperatedor
administeredinconformitywithcurrentgoodmanufacturingpracticetoassurethatsuchdrug
meetstherequirementsofthisActastosafetyandhastheidentityandstrength,andmeetsthe
qualityandpuritycharacteristics,whichitpurportsorisrepresentedtopossess.FDAregulations
describingcurrentgoodmanufacturingpractice(CGMP)forfinishedpharmaceuticalsare
providedin21CFRparts210and211.Stage2
ProcessQualification(PQ)Evaluate/ConfirmChangesProcessPerformanceQualification
(PPQ)Design offacilities &Qualificationof equipmentand UtilitiesChangesDistributeStage 3
ContinuedProcess.


