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○アモトサレンおよび紫外線A波による光化学的プロセス：欧州の血液センター3施設での検証  

背景：治療用血祭中の病原体および白血球（WBC）を不倍化する光化学処理（PCT）プロセスが開発された。欧州の血液セン  
使用上の注意記載状況・  

ター3施設において通常の稼動状況下でプロセスバリデーション試験を実施した。  
その他参考事項等  

赤血球濃厚液－LR「日赤」  研                        照射赤血球濃厚液－LR「日赤」  
究  

報  
血液を介するウイルス、   ロセス後、血祭検体（PCT－FFP）を採取し、採血後8時間まで－60℃で冷凍保存し、凝固因子および残存アモトサレンの測定を  

細菌、原虫等の感染  
結果：合計186本の血祭にプロセスを実施した。C－FFPと比較してPCT－FFPの平均プロトロンビン時間（12．2±0．6秒）および活性      vcJD等の伝播のリスク  

纂 概  

ロンスン32．1±3．2はした。フィリノンおよびVIII子は、PCTへの感受性がもっとも高   かった（平均減少率26％）。しかし、PCT処理－FFPを実施しても、治療用血祭に必要なフィブリノゲン（217±43mg／dL）と第VIII因  
要   

と同等であった。抗血栓性のタンパク質は、PCTによる有意な影響を受けず、83％～97％の範囲で保持された。アモトサレン平均  
残存量は、0．6±0．1JJmOl／Lであった。  

結論：欧州の3つのセンタTにおけるプロセスバリデーション試験は、治療用血痕に関する欧州規制およびそれぞれの国内基準  

の活性は の範個内で、PCT－FFP中の凝周囲子保持されていた∩   

報告企業の意見  今後の対応   

欧州の3つの血液センターにおけるアモトサレンおよび紫外線A    日本赤十字社では8項目の安全対策の一つとして、不活化技術の導   

波による不活化工程のプロセスバリデーション試験は、処理済    入について、各不活化技術の効果、血液成分への影響、製造作業へ   
FFP中の凝固因子が治療用血祭に関する欧州規制および国内    の影響などについて評価検討を行っている。外国での不活化実施状   

基準の範囲内に保持されることを示したとの報告である。  況や効果、新た寧環術、副作用等の情報収集も含め総合的に評価  
し、導入にづいて関係機関と協議しているところである。  

、  、J   
れ月凸」「ll⊃A／＿l＼／△rllnI   
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PhotochemicaltreatmentofplasmawithamOtOSalenandUⅦ   
light：PrOCeSSValidationinthreeEuropeanbloodcenters  

蝕陀rScわ由乃ね♯乃r抽Ⅳ隠＊肋r〝∂ゐ0ぬ，肋わe一山“i∫eⅣわ∫gJ，Dα乃fgg幻e柁払⊥わl血Pg乃た0∫れ  

伽m加5f乃めエ吋エれ上仇柁乃CeC山都れα仙窟知和－Pfe〝ぞG鮎好打α〃e＊  

heINTERCEPTBloodSystemforplasma（Cc  
EuropeB．Ⅴ，Leusden．theNetherlands）received  
CEMa∫kregistrationbasedonextensivestudies  

demonstratingpathogeninactivation．1preclini－  T  
BACKGROUND：AphotochemicaJtreatrnent（PCT）  
PrOCeSShasbeendeve10Pedtoinacth（atePathogens  
andw仙eb100dceIts（WBCs）intherapeuticpIasma・  
Prtxessvalidationstudieswereperforrnedinthree  
Europeanbtoodcentersunderroutineoperatingcondi－  
tions．  

STUDYDEStGNANDMETHOE）S：Eachcenterpre－  
pared30apheresisand30to36wholebIoodJe血ed  
ptasmaunitsforPCtEachwholebldod・－derived  
Plasmaunitcontainedamb（tureOflwotothree  
matcheddonations．A飴rremova10fpretreatment  
COntTOIsam印es（COntrOリresh－frozenPIasma【C－FFP］）・  

546to635mLofplasnawast由atedwith15mLof  
6mmoIperLa■mtOSalen，3Jpercm2uvAtreatment・  
andremovalofresiduaIamoto由始nwithacompound  
ad＄OrPtiondevice．Afterpr∝eSSing，Plasrnasarnp（es  
（PCT・FFP）werewithdrawn，frozenat－600Cwithin  

8hoursofco”ection．andassayedforcoagulation  
factorsandresidualamotosa［en．  

RESUtJS：Atotalof186unitsofptasmawerepro－  
CeSSed．Themeanprothrombintime（1212l・0・6sec）  
andactivatedpaftiaIthromboplastintime  
（32．1±3．2sec）ofPCTFFPweres］ightIyprok）nged  
OOmParedtoC－FFRFibrinogen・andFactor（F）V‖were  
mostsensitivetoPCT（26％meanreduction）・PCTFFFミ  
however，retainedsufficientlevetsoffibrinogen  
（217±43rng佃L）andFVtlト（97±291U／dL）forthera－  

Peuticplasma，Mean‾絶海Is・・dFll，FViFVlt；FIX，FX，  

FXl，andFXl”inPCT▲FFPwereconlParab一色toC・FFP  
（81％－97％retentionofactiv瑚・Antithrornboticproteins  

werenotsignificantlyaffectedbyPCTdithretention  
rangingbetween83and97percent，Meanresidual  
arnotosa暮enleve［swered、6±0．1pmoJperL．  
CONCLUS］ON：Processvalidatiqnstudiesinthree  
Europeancentersdemonstr細edreteritionofcoagula－  
tionfactorsinPCT－FFP・WithintherequiredEuropean  
andrespectivenationa15tandardsfortherapeutic  
Plasma．  

calsafety，2andclinicale抗cacy・3－5Thissystemusesapho－  
tochemicaltreatment（PCT）process withamOtOSalen  
andlong－WaVelengthultravioletUⅦlight（320－400nm）・  
Amotosalenisasyntheticpsoralenmoleculethatrever＄－  
iblyintercalatesintothehelicalregionsofDNAandRNA・  
Uponi址uminationwithUulight，amOtOSalenfbrmsirre－  
versible covalent bondswithpyrimidine bases ofthe  
nudeicacid・6ThegenomesofpathogensandwhitebJood  
cells（WBCs）modi丘ed by amotosalen can nolonger  
replicate．  

ABBREVlÅTLONS：am（S）＝aCtivatedpartialthromboplastin  

dme（S）；・AP＝O2－antiplasmin；År＝an血hrombin；  

CAD＝COmpOundadsorptiondevice；C－FFP＝COntrOl打esh一  

打02mplasma；PC＝prOteinC；PCT＝photochemicaJtreatment； 
PCrlFFP＝photochemicallytreatedp］asmasamples；  

PS三prOteinS；PT（S）＝prO血rombintime（S）・  
こき   
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Alsace，StrasboLlrg，France；andCerusCorp・，Concord・  

Califbmi乱   
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StanwcllDrive，Concord，CA94520；e－mai1：li1y」♪n＠ceruS・COm・  

■PeterSchlenke，TbrHervig，andJean－PierreCazenavecon－  

tributedequ濾ytothisstudyl   

ThisふdywassupportedinpartbyCkruSCorp・Four  
authors（1月YS．1LandLC）wereaBiliatcdwithandheldstock  
orstockoptionsofCeruSCorp・duringthecol－ductofthisstudv・  

Threeauthors（PS，TH，andJPC）servedonCerus’s払1mpean  
Scien戯c＾dvisoryBoard．  

ReceivedfbrpublicationJu）y18，2007；revisionreceived  
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SCHLENKE ETAL．  

There are two componentsin the PCT system  
intendedforcommercialuse：anintegrateddisposableset  
andaUVÅuluminator．Theintegrateddisposablesetisa  

ClosedsystenlCOmpOSedofsequentia］lyconnectedcon－  
tainer with amotosalen．iuumination container，a  

flowthroughcompound adsorpdon device（CAD），and  
threeplasticstoragecontainers（Fig・l）・TheUVAillumi－  

natorisamicroprocessor－COntrOueddevice capable of  
deliveringthe target UVÅdose andi11uminating two  
plasmaunitssimultaneously．ThePCTsystemiscapable  
oftreatingplasmaunitswithinthevolumerangeof385to  
650mL  

PlasmaLmitsforPCTprocesslngCanbeobtainedby  
apheresiscollectionorbymixing2to3matchedunitsof  
WhoIeblood－derivedplasma．analogoustowholeblood－  
derived platetets（Plユも），AL（ersteri1e connection to the  

PCTdisposableset，plasmalSpaSSedthroughtheseriesof  
COntair）erS．The’PCTstepsincludeadditionofamotosalen  
toplasma，illuminationoftheplasmamixturewithUⅦ  

light．andtheremovalofresidualamotosalen．Although  
this system has been evaluated for preparation of  
plasma in specialized centers during clinicaltrials，  
PrOCeSS Validation studies were conductedin blood  

軸噸卵t¢d¢dn払hor＄et  

CenterStOVerifytheperformanceofthePCTsystemunder  
diqerentroutineoperatingconditions．Bloodcentersin  
threeEuropeancountries（France・Norway・Germany）par－  
nclpatedinthesestudies．Eachcentercollected30unitsof  
apheresisplasmaandprepared30to36unitsofwhole  
bloodべIerivedplasmawithatargetVOlumeranglngfrom  
600to655mL ResidualamOtOSalen concentrationsin  

Photochemicallytreatedplasmasamples（PCTしFFP）were  
measuredtoassessCADperformance．Theperformance  
OfthePCTsystemwasassessedbasedoninvitrocoaguT  
lationfunetionassaysintrealedplasma（PClこFFP）com－  

Paredtotheplasmabeforetreatment（C－FFP）asweuasto  

EuropeanandnationalregulatoryrequlrementSforthera－  
peuticplasma．  

MATERIALSAND METHODS   

Plasma collection 

Plasma collectionswereperfbrmedin three European  
bloodcentersandthecollectionsmethodsvariedslightlyl  
Inthe EtablissementFrancais duSang－AlsaceinStras－  
bourg，France（SiteS）．apheresisplasmawascollectedon  

the Haemonetics PCS platfbrm（上Iae－  
moneticsCorp．，Brajntree，MA）inacid  

Citratedextroseanticoagulant．Inblood  
CenterS Ofthe University of Lnbeck，  
hstitute ofImmllnOlogyandrrtanifu－  
Sion Medicine．Ltibeck．Germany  

（SiteL）．and Haukeland University  

Hospital，Bergen，Norway（SiteB），  
apheresisplasrnawascollectedonthe  
Autopheresis－Cplatform（BaxterHealth－  
Care Corp．，Deerfield，TL）in citrate  
Orin half－Strength citrate－phosphate－  

dextrose（CPD）anticoagulant．respec－  

tively Each site couected30units of  
apheresis plasma．Ofthe90apheresis  
unitsprocessedforthisstt）dy，27were  

bloodgroupA，24groupAB，22groupB，  
and17groupO．Thetargetvolum畠of  
plasmawas600to655mL．Freshapher－  
esisplasmaunitswerekeptatambient  
temperaturebeforeandduringthePCT  
prOCeSS・  

WholebloodwascollectedinCPD  

anticoagulant，Plasmawaspreparedby  
Centrifugationwithlocalstandardoper－  
atingprocedures．Aleukofi1trationstep  
WaSincorporatedinthe whole blood  
processonlyinEtablissementFrancalS  
du Sang－AlsaceinStrasbourg・SitesS  
andBeachprepared30unitsofwhole  
blood－derived plasma and SiteL pre－  
Pa托d36units．Ofthe96units，44were   

UVÅ柑l劇inさt如  

DoYl¢●  

ソ■－、ヰ   

Fig・1．ThePCTsystemforplasma．ThePCrsystcmcollSistsoEatJ％ilItlmination  

dedαandanlnte騨頭d誌posableset．TheUVAulumhabrcami止uminatt∋2unitsor  

plasmaperT）rWSSiJlgCyde・TJledisposablesctprovi（k＄aSingle－uSe－dosed，inle一  

許atedsy＄temforpathogcninactimtiontreatmelltOfaplasTtlautiit．Theintegrated  

di5pO姐bleseti500mpr誌dof仇efbll飢dng＄ter弘ecomp¢neれb：aCOnt血erwi血  

amoto姐Ien（血klmおS－59），aplasticmumimdoncontah叫aC孔D，and血陀e  

pl鮎血storagecontai皿erS．Theprocesslng鈍ep5a托鮎desdbedunderMateddsaIld  

MedlO血以℃doIl．SCD＝SterueCOmneCdondedc巳  
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PHOTOCHEMICALTREATMENTOFPLASMA  

bloodgroupO．42groupA，7groupB．and3groupAB，The  
targetvolume fbrthewhole bloodplasmaunitbefore  
removingbaselinesampleswas600to655mLandwas  
Obtainedbymixingtheappropriatevolumeof2to3ABO－  
matched whole bloodTJerived plasma units with a  
POOling set（FrC OO61．BaRter Healthcare Corp．）．The  

plasmaumitswefemaintainedatambient［emperature  
beforeandduringthePCTprocess．－  

FFPsampleswere assayed forprothrombintime（PT），  

activatedpartialthromboplastintime（aPTT），Factor（F）Ⅰ  

（丘brinogen），F11，FVFVTl，FⅥrT，FⅨ，FX，FXI，FX札pro－  
teinC（PC），prOteinS（PS），antithrombin（År）．and  

α2－antlplasmin（AP）．SampleswerealsowithdfaWnaf（er  

additionofamotosalenbeforeUVÅiuuminationandafter  

theentirePCTprocess（includingCAD）formeasurement  
Ofamotosalenconcentrations・Tbminimizeassayvariabil－  

ity；SamPlesconectedfromthethreeprocessingcenters  
WereShippedopdryicetoasingleloca厄onfbranalysis．All  

assayswereperfbrmedatCeruSCorp・withtheexception  
Ofquanti丘cationofARwhichwasperfbrmedbyarefbr－  

encelaboratory（EsoterixLaboratories，Aurora，CO）．  

PCTd‡sposableset＄andUVAiIluminationdevice  

ThePCTdisposablesetfortreatmentofplasma（m3103  
andINT3104，CeruSEuropeB．V）consistedofthefollow－  
1ngSequential1yintegratedcomponents：15mLof6mmol  
perLamotosalenHCIsolutioninsalinepackagedinsidea  
plas也ccontainer（PL2411，BaxterHealthcareCorp．）and  
protected from tTVAlight；al．3－L plastic container  
げL2410，Baxter Hedthca代Corp．）fbrillmination of  
plasma；a且owthroughCADconsistingofanadsorbent  
diskcomposedofacopolymerOfpolystyreneanddivinyト  
benzene pardclesfusedwidlan ult血igh－mOlecular－  
WeightpolyethyleneplasticenclosedinanacryIichousing  
to reduce the concentration of amotosalen and its 

photoproducts；and three400－mL plastic containers  
（PL269，BaxterHealthcareCorp．）Eorstorageofthetreated  
plas甲乙   

Illu血nationofplasmawasperformedinaUⅦillu－  
minationdevice（ModeltNTlOO，CeruSEuropeB．V：）．The  
deviceYaSCaPableofi山uminating2unitsofplasmaper  
proce＄SmgCyCle．Dufingilluminationplasmaunitswere  
reclprO（：ally agitated at approximately70 cycles per  
minute．  

Measurement of the levels of amotosalen 

Theinitialandresidualamotosalenlevelsineachplasma  
unitwere quantified．A200－PLvolume ofplasma was  
duutedtolmLwith35percentmethanolinbu蝕ー．AfLer  
Centrifugation，thesupematantWaS且1teredand100JiL  
WereanalyzedonaC－18（Zorbax）reverse－phasecolumn  
（AgilentTbchnologies，Pal0Alto，CA）withagradientof  
increaslngmethanolinX｝Ⅰ2PO4bu蝕r．Amotosalenwas  
detectedbyopticalabsorption（300nm）．7  

Mea＄urementOfinvitrocoagu［ationfunction  
Clottablefibrinogen（FI）wasmeasuredwithamodi丘ed  

ClaussassaylCoagulationfhctorswereassayedwithone－  
StagePTbasedclottlngassays（FIl，FVFVII，FX）orone－  

StageaPTr－based clotting assays（FVl（Ⅰ，FIX，FXD．The  

Clottingtime ofa mixture ofdiluted test plasma and  
plasmade斤cientindlefactorbeingquantinedwascom－  

paredwithareftrencecurveconstruCtedfromtheclotting  
timesof5dilutions．rangingfroml：5tol：320，Ofplasma  
withknoⅥ1aCtivitymiⅩedwithde爺cientplasma・These  
COaguladonassays，aSWellasthePTandaPTIIwereperr  
brmed on an automated coagulation analy2，er（MLA  
Electra1400Cor1600C，InstrumentationLaboratoryCo．，  
Lexington，MA）．Reagentsincludedbminthromboplastin  

（Hemoliance，InstrumentationLaboratoryCo．），PlatelinL  

（bioM6rieu㌫Durham，NC），and cqngenitauy depleted  
hctor－de丘cient substrate（Helena Laboratories，Beau－  

mont．TX；GeorgeKingBio－Medical，OverlandPark，KS）・  
The endpoint ofau tests wasthe formation ofa clot  
detectedphotooptica11yandmeasuredinseconds・Factor  
AssayColltro享Pl琴Sma（払C℃GeorgeKingBio－Medical）  

WaSuSedastherefbrencestandardfortheprocoagulation  
factorassays．  

mIIwasmeasuredwidla、COmmerCiallyavajlable  
FXlⅡkit（Berichrom，DadeBehring，Marburg，Germany）・  

Ⅷl．activated by thrombin，releases aLn aCtivatioIl  
productthatleadstoaseriesofreactionsres山tingina  

decreaseinnicotinamideadeninedinucleotide，detected  
bymonitoringabsorbanceat340nm．Theassaywasper－  
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PCT process 

Forthesestudies，theentireproc寧SSWaSCOmpletedto  
allow蝕■OZenStOrageOftreatedplasmawithin8hoursof  

thestartofplasmaco11ec也on．Ahleradapterwassteri1e－  
COnneCted to each plasma unit．Baseline coagulation  
factorsamples（C－FFP）ofapproximately20mLwerecol－  
1ectedfromeachunitbefbrePCT   

Duringthetreatment process，plasma was passed  
througheachcomponentofthePCTsetinaseriesofsteps  
（Fig、1）．hStepl，theplasmatmitwasster辻e－COnneCted  
totheamOtOSalen container．andthe entire plasma  
VOlumeWaSpaSSedthmughtheamotosalen container  
intotheiuuminationcontainer．InStep2，theplasmacon－  
tai血gamOtOSalenwasilluminatedwitha31percm2  
tJVAtreatment．hStep3．theiuuminatedplasmamikture  

waspass占dbygavityflowthroughtheCADintothe  
StOrageCOntainer亭．   

Afterprocessing，plasma＄ampJes（PCTIFFP）were  
Withdrawnandfrozeninl・5－mLaliquotsin2－mLpolypro－  

pylenetubes？tOrbelow－600Cwitllin8hoursofthestart  
Ofplasmaorwholebloodco11ectionこTheC－FFPaLndPCT  
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formedollaBehringClotTimer（BCTDadeBehring），and  

Standardhumanplasma（DadeBehring）wasusedasthe  
referencestandard．  

PCandPSweremeasuredwithcommerciallyavaiト  
ablePCandPSkits（Staclot，both丘omDiagnosticaStago，  
Asnieres．France）・PCandPSassayswerebasedonprolonT  
gationoftheaPTTresul血gfrominactiva也onofFVand  
下VlIIby舐i摘ted PC・The activatorin the PC assay  
WaSaneXtraCtOfAgkisITt）donconLDrET’ixsnakevenom；the  
ac也vatorinthePSassaywasactivatedPC．Thetestswere  
performed onlhe Behring Clot Timer．Unicalibrator  
（DiagnosticaSTago）wasusedasfhereftrencestandard．   

ATwashleaSuredwithacommerciallyavailableHrI【I  
kit（Stachrom，DiagnosticaStago）・PlasmacontainjngAT  
WaSincubatedwithaknownexcessofthrombin．＾chro－  

moger）icsubstrate，imidolyzedbythercmalnlngthrom－  
bin，WaS detected photoopticaJly on a coagulation  
analyzer（ML＾Electra1400Cor1600C，Tnstrumentation  
l・aboratoryCo．）．Factorassaycontmlplasmawasusedas  
thereferencestanda∫d．  

CL2－APwasquantiBedwithreagentsfromDiagnostica  
Stago．Inthischromogenicmethod．plasminwasaddedin  

excesstothetestplasma，reSultinginthefbrmationof  
antiplasmin－plasmir）COmplexes．The concentration of  
residualplasminis measuredbyitsamidolyticactivity  
withachromogenicsubstratemeasuredat405nm．α2－AP  
COnCentrationisinverselyproportionalto the residual  
plasminconcentrationandisdeteminedbycolorinten－  
Sity．ThisanalysiswasperformedbyEsoterixLAboratories  
（Aurora，CO）withanSTAana】yzer（DiagnosdcaStago）．  

Tllemeanandstandarddeviation（SD）weredeter－  
minedforeachcoagulationvariable．Al1factoract如ties  
WereeXpreSSedinTUperdLwiththeexceptionoffibrino－  
gen，WhichiscxpressedinmgperdLTheactivityofeach  
COaguladon Ⅶriable remalnlng after PCT was－also  
expressedasproportional（％）retentioncomparedtothe  
pretreatment（baseline）activity．Comparison ofthe PT  
andaPTrwasbasedontheprolongationoftheclotting  
timeinsecondsafterPCTrelative10baseline．Signi丘cant  
diEerencesweredeterminedbythettestatapvalueof  
O・05・RefefenCerangeSfbreachassaywefede免nedasthe  
mean±2SDforuntreatedplasmasamples．1  

RESULJS  

Processingofplasma  

Atotalof186uI山sofplasmaofapproximately600to  
655mL was preparedin this sttldylA血er removalof 
COntrOIsamples，thevolumeperplasmal】nitforPCTpro－  
CeSSlngrangedfrom546to635mL．nlemeanpretreat－  

mentamOtOSalenconcentrationwas143±8ド1110IperL  
（1ゝblel）・Theilluminationofa31perCm2uvAtreatment  
took7to9minutesIThel一一ean time required for the  
plasmamixturetocompletelypassthroughtheCADwas  
21±3minutes（rar唱e，15－30min）．Af（erCAD，themean  
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TABLEl．Amotosa］enconcentrationsbefore   
i［JuminationandafterCADtreatment★  

Amotosalen（卿10几）  
Measure  Before illumination Afler CAD 

Target range 
Apheresisplasma   

S托eS†（∩＝30）   

S辻eB†（∩ニ30）   

SheL†（∩＝30）  

Whole仙erivedplasma   
S計eS（∩＝30）   
S祉eB（∩＝30）   

S托eLくn＝36）  

Overal】（n＝186）  

110－225  

139 t 4 

151±6  

142±2  

136±8  

136 f 4 

150±3  

143±8  

＜2  

0．5±0．1  

0．5±0、1  

0．7±0．1  

0．6±0．1  

0．5±0．1  

0．6±0．1  

0．6±0．1  

● Dalaarereportedasmean：±SD．  
†SiteS＝EFSA暮sace，Strasbourg，France；SiteB＝Bl∞dBank   

OfHaukelandUnive（SityHospital．8ergen．Norway；SiteL＝   
UniversityofL白beck．L白beck．Germany．  

residualamotosalen concentration was O・6±0・1匹mOl  
perLrhbIel）・AllvaluesweTebelowthetargetperfor－  
mancevalueoflessthan2．OpmolperLThePLrandRBC  
COnCentrations for both apllereSis and whole blood－  

derivedplasmabeforetreatmentandaftertreatmentwere  
lessthan50×109andlessthan6×109perL，reSpeCtively，  

andwerewithintheEuropeanguidelinesfortherapeu也：  
FFIミ8TheWBCconcentrationsfbrapheresisplasmawere  

lessthanO．1×109perLbeforeandaftertre虹ment．The  

WBC concentrations for nonleuko丘1tered whole blood  

plasmainSiteLandSiteBwerehigherbefbretreatment  
（6x109±7×109and38×109±22×109／L，reSpeCtively）；  
however．af（ertreatment．theWBCconcentrationsinPCT－  

FFPwerewithintheEuropeanguidancelimits．  

TheeffectofPCTonglobalcoagu］ationassays  
（PTandaPTT）  

The mean C－FFP and PCTしFFP PT for bothapheresis  
plasma and whole bloodィ1erived plasma for出1three  

processingsiteswerewithinreferenceranges（1もbles2  
and3）・PCIIFFP Pr13；Were prOlonged by a mean of  
O・3±0．2seconds for apheresis plasma（n＝90）and  

O・5±0．1seconds for whole bloodllerived plasma  

（n＝96）comparedtoC－FFPmeasurements（1払ble4）．  

Sim且arly，themeanC－FFPandPClしFFPaPTrforboth  

apheresISplasmaandwholebloodllerivedplasmaforall  
three pfoccsslng Sites were within refbrence ranges  
CThbles2and3）．PC71FFP aPTh were prolonged bya  
meal10f3．5±1．3secondsforapheresisplasma（n＝90）  

and4．6±0．9seconds for whole blood－derived plasma  

（n＝96）comparedtoC－FFPmeasurements（職blc4）・The  
OVeralJ（apheresis and whole blood combined for aLn  
n＝186）meanPCTRFFPPTandaPTTcomparedtoC－FFP  

WaSprOIongedbvO．4±0．2and4．1±1．2seconds，reSpeC－  
dvelyrlもble4）．   



・肌BLE2．AphoreBisplaBma：CLotth！川rTM8nd¢OagulationfactoractMtybeforeandafterPCT（mean±SD  
（n＝30）   Sit8B一（∩＝30）  SiteL▲  SltoS■（n王80）  

C・FFP  PCT・FFP   ％Rotention‡  C－FFP  PClこFFP   ％Rotention‡  C・FFP  PCTJFFP   ％Relentfont  VaぬbI8  R8f8r8nCOran！I¢†  
8．3±0．2  

3．8±0、8  

75 t 3 

88±3  

95亡3  

81t333 

74 t 3 

84±4  

88±2  

87±2  

94 r 3 

85 t 2 

96 r 3 

95±3  

82：±8  

12．0±0．4  12．4±0．5  

27．8±2．5   31．5±3．1  

287±57   216ニ43  
103±14  91t1222 

125 Ir: 19 119±17  

111±23  91王19  

123土39  91±30   

93±12  78 r 11 

112±14  99三12  

103±20  90 t 18 

115±21   108±20  

119 -C 22 101 -C 20 

82±20  88±19   

95±10  91三10  

101±12  82±6  

12．5±0．7  0．2±0．2  

28．5±2．7  2．3±1．0  

261±43  83三3  

107土16  91±3  

142土20  99±5   

92±22  82三3  

130士35  81±4  

12．7±0．7  0．5±Oi2  12．3±0．7  

32．4±8．2  4．5±1．1  26．1±2、5  

208±55  70王5  313±48   

89±15  88±7  117±15  

118±26  97±3  144±23  

12－2：ヒ0．6  

27．9±2．5  

295亡71  

102土17  

120土29  

116±25  
140±34   
90 r 13 

108±21   
93±16  
114 t 22 
122土25  

108±2S  
lO2±9   
97±11  

11．ト13．5   

23・35  

200－390   
80－120   
g5－170   
70・175   

85－235   
75・145   

75・130   

80－150   
85－135   
80・140   

85・135   

85－105   
80・150  

PT（＄e¢）  

aPTT（＄○¢）  

Ft（mgノdし）  

円川U／dし）  

FV（lU／dL）  

FVll（ル／dL）  

FV‖（暮U／dL）  

FIX（lU／dL）  

FX（ル／dL）  

FXl（tU／dL）  

FX＝（lU／dL）  

PC（lU／dL）  

PS（ル／dL）  

AT（ル／dし）  

AP（lU／dL）  

80±4  112±27  
70±3  161±42  
84±4  101r1888 
88±4  117 c 20 
85±8  111±19  
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110±22  97±9  126 t 18 

102±24  84±9  122±20  

107土25  100±9  108±18  
7
 
3
 
0
 
0
 
 

97±9  95±4  105±9  101±8  96±4  

81±8  83±10  108±13  89±8  83±6  

Strasbourg，Franc8；SfteB＝BloodBankofHaukelandUniver81tyHospital・8ergen・Norway；SiteL三UniversityofLObeck・LOb8Ck－Germany・  S他SェEFSAIsaee，  
†Thereferencerangewasca］culatBdfromthem8an±2SDsofuntreated，・conventionaJplasma・n三80for他dnogen・FVIFVll・FV川・FIX・andFXl‥n＝50forFIIandFX；n＝25torFX肌   
ATPC．andPS．ThBreferencerangeforATwasestabli＄hedbyEsoterixLaboratoriesl  

‡ForPTandaPTT．thereportedvaIue＄＝（PCTFFP－C・FFP）in88COnd＄・   

TABLE3．Wh0leb［00d・Jerivedplasma：CIottingtimesandcoagulationfactoractIvitybeforeandafterPCTイrn甲n±SD  
S】18L●（n＝30）  SiteS．（n＝30）  SiteBl（n＝30）  

C・FFP  PCTFFP  ％RetBnt）on‡   C・FFP  PCT・FFP  ％RetenI10n手  C・FFP  PCT・FFP   ％Retention‡  Variable†  Ro始renc8ノ伯n⊆le†  

0．6±0．1  

4．9±0．8  

70±3  

11．5±0．4  12．0±0．4  

28．2±1．4   33．1±2．1  

272±ヰ0  191三30  

101土7  89±7  
119±18  114三17  

114±17  90土14  

119±23  84享19   

95±9  78 t 6 

105：ヒ10  90土9   

94±9  81土9  

113±14  106＝12  

116±16  99土14  

114±16   10g土15   

91±6  86±6   

93±6  76±4  

11．5±0．3  12．0±0．4  0．5±0．1   11．5±0．3  12．0±0．3  0．4±0．1  

29．5±1．8  34．2±2．4  4．7±0．7  28．6±1．8  32．9±2．4  4．3±0．9  
11．1二13．5   

23－35  
200●390   
80・120   

95－け0   

70・175 

85・235  

PT（SeC）  

aPTT（S8C）  

Fl（mg／dL）  

円＝ル佃L）  

FV（ル／dL）  

FVl＝lU／dL）  

FVtll（ル／dL）  

FIX（ル／dL）  

FX（ル佃L）  

FX川U／dし）  

FX‖（1U／dし）  

PC（lU／dL）  

PS（lU／dL）  

AT（lU／dし）  

AP（ル／dL）  
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291±30   222土24  76土3  

100±9  89±8  89±3  

125±15  121±14  ⊆！7±3  

108±1周  86±11  80±3  

118±20  計1±17  77±4  

290±25   207土23  71±3  ＜
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95±9  89±3  

119±13  97±2  

91±12  80 a 3 

91±19  71s333 

78±8  84±3  

94±8  87 rl1 

69±12  83±4  

101土12  97±2  

97±12  85±5  

107±14  96±3  

9ア±7  96±2  

85±5  85±5‾  

106 r 8 

123±14  

113 t 15 

127 t 24 

79±3  

71±4  

82±4  

85±2  

85±3  

94 f 3 

85 t 7 

96 t 5 

95±2  

82±3  

8S±2  
87±3  

0
 
1
 
 

92±11  78 -e 

106±12  92±  
75・145  93±10  
75・130  108：とg  

101±11  87±12  86土6  

121±10  111 sr. 10 92三3  

114土19   102±16  90土5  

117±14  114±14  97土4  

96±4  93±4  96±2  

95±5  78±4  82±4  

83土14  

104王12  

115：ヒ14  

111土15  

101±7  

100±8  

80・150  

85・135  

80・140  

85・135  

85・105  

80－150  

B土BloodBankofHaukelandUnivers吋Hospital，Bergen，Notway；SiteL＝UniversityofLCIbeck．L助eck，G8rmany・  SueS：＝EFSAIsace．Strasbourg．France；S（te  
†ThBr8fBrenCerangeWaSCaIcu．atBdfromthemean±2SDsofunlreated・COnVentionaLplasma・n＝80forfibrinogen・FV・FVI［7FV川・FIX・andFXl；nニ50forFILandFX；n＝25forFX）l［・   

ATPC．andPS．Thorc）ferencerangeLorATwas8Stabllshedby∈＄Ote血LaboratorIe＄・  
‡ForPT－andaPTTthereport8dvalue＄＝（PCTFFP－C・FFP）insecond＄・  



SCHLENKE ETAL．  

TheeffectofPCTonprocoagu［antfactors  

The mean procoagulant factor activities山apheresis  
C－FFPobtainedineachprocesslngSitewerewithinrefer－  
enceranges（7もble2）・Apheresisplasmaprocessedwith  

thePCTsystemretainedmeanfactoractivityrangingfrom  
70to83percentand70to81percentofCTFFPfbrfibrin0－  
gen（FI）andFVlII．respeCtively・RetentionsofF［Ⅰ，FVtVII，  
FⅨ，F‰FXI，and FXlIIranged from80to99percent  

（1もbJe2）．A血erPCT；themeanprocoagulantfactoractivi－  

tieswerealsowithin the reftrence ranges．Mean FVTII  
activitieswere99±25，130±35，and91±30IUperdLin  

SiteS，SiteB，and SiteL，reSpeCtively，meetlng national  
（70rU／dL）and European Pharmacopoeia（501U／dL）  
requlrementSfortherapeuticplasma．  

Similarly，themeanactivitylevelsoftheprocoagulant  
factorsinwholeblood－derivedplasmawerewithillfefer－  

enceranges（1払ble3）．Wholebloodplasmaprocessedwith  
thePCTsystemretainedmeancoagulationfactoracdvi－  
tiesranging丘om70to76and71to77percentofC－FFPfbf  

FIandFVlIl，reSpeCtively．ThemeanretentionsforFIl，FV  
FuI．FⅨ，FX，FXl，andFXMra血gedfrom79【097percent  

（1もble3）．A蝕erPCTlthe meanfactoractivitieswerealso  

withinthereferencerangeswiththeexceptionofFIand  
FVIIlinSiteL．MeanFVtIIactivitieswere91±19，91±17，  

and84±19rUperdLinSiteS，SiteB，andSiteL，reSpeC－  

tively，meetingnational（701U／dI）andEuropeanPhar－  
rnacopoeia（50rU／dL）requirements for therapeutic  

plasnla．  
Tbcompa∫etheprocessingcharacteristicsbetween  

apheresis plasma（n＝90）and whole bloodぺIerived  
PtaSma（n＝96），theresultsfromal1threesiteswerecom－  

binedforanalysis（rrhble4），WholebloodTderivedplasma  
general1yexhibitedstatisticallysigni負cantlylowerfactor  
activitiescomparedtoapheresisplasma（Seelもble4）・A11  
meanValues，however，Ebuwithinthe reftrencefaJlgeS・  

The mean FVIIIactivityin apheresis PCT－FFP  
（107±35IU／dL，n＝90）andwholeblood－derivedplasma  

（88±181U／dL n＝96）metthe nadonalandEuropeall  

Pharmacopoeia requirements for therapeutic plasma. 
Theoverall（n＝186）meanleveloffibrinogeninPCT－  

FFPwas217±43mgperdL，Whichis74±6percentof  
theC－FFPvalues．Theoverall（n＝186）meanactivityof  
FⅥIlinPClしFFP was97±29【U per dL．whichis  
74±5percentoftheC－FFPvalues・Theretentionofother  
factorsin PCT，FFPwas consistently higher（81％－97％；  

1もble4）．  

TheefFectofPCTonantithromboticand  
fibrinoIyticproteinactivity  

AupretreatmentactividesofPCJPS，ATIIT・al－d成一APof  
apheresis plasma（職ble2）and whole blood→1erived  
plasma（ThbJe3）werewithinreferenceranges・A鮎rPCT  

themear）aCtivitiesoftheseantithromboticproteinswere  
stillwithinthereferencerangeswi［htwoexceptlOnS：the   
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PHOTOCHEM（CALTREATMENTOFPLASMA  

WaSO・6三0・1JJmOIperL（n＝186）・WhichissigniBcantly  
belowthetaTgetperformancevalueof2・Ol⊥mOlperLThe  
meanresiduaiamotosalenlevelsamongthethreesites  
rangedfromO・5±0・1toO・7±0・1LLmOIperLwithno  
unitshavingresidualamotosalenhigherthanl．2pmol  
perL・demonstratingtheconsistencyandthee臨cacyof  
theCAD・Theseresul［sdemonstratethatthePCTprocess  
Can be perfbrmed consistently under blood bank  

COndidons．   

ThequalityofPCTLFFPwasassessedfbractivityof  
FVIIIwithrespect†omeetingnationalandEuropeanregu－  

latory訃1idelines．8111eCOnSistencyofthePCTprocesswas  
assessedbytheretentionofal1fhctoractivitiesinPCTしFFP  

COmparedtolevelsinpretreatmentplasmasamples．   
Thefhctormosta瓜！Cted byPCTwas FⅥlIwifh a  

mean Of 26perCent reductiollin activity．However，  

residualactivityiswithinthe current requirement fbr  
FFPasthelevelofFVmisgreaterthan50IUperdLin  
the EuropeaLn Pharmacopoeia standard fbrtherapeutic  
FFR9TbemeanFVmactivityafterPCTwaslO7工35rU  
perdL（n＝90）forapheresi9plasmaand88±18IUper  

dL（n＝96）forwholebloodllerivedplasmaoranoverall  

meanof97±29IUperdL（n＝186）．AllunitshadFVllI  

acdvitygreaterthan501UperdLhlFrance，greaterthan  
90pefCentOfqualitycontfOIsamplesmusthavegreater  
than70rUpefdLinFWLI．Preliminarystudiesmeasur－  

Lng thethrombin generation time fbr PCrFFP have  
ShowIlnO di飴rencefrom untreated plasma簸）r Peak  

thrombinlevels，1agtimetostartofthrombingeneration，  

OrtOtal（hrombinproduced・10Theseobservations▼SuggeSI  
thatthereductioninFVII【levelsarenotcriticaltogen－  

eration of thrombin and the ultimate convez・Sion of  

甫brinogen to 丘brin・These observations of normal  
thromhingeneration aTeincontrast to those recendy  
reportedfbrplasmapreparedwithmethyleneblueand  
Visiblelight．11   

FibrinogenwasalsoaffectedbyPCTwithameanof  
26percentreductioninthe clottable飼brinogenlevels・  
Althoughthereisnorequiredstandardforthelevelof  
丘brinogeninFFRthemeanlevelsretainedinPCrFFP  
（217±43mg／dL．n＝186）werewithin the refbrence  
range．PriorclinicaistudieswithPCr・FFPforsupportof  

鮎vertransplantwithmassivetransfusionhaveshownno  

increasedrequlfementforplasmaorcryoprecipitate，indi－  

Cadngthatthelevelsof負brinogeninPCr－FFParesu航－  
Cient．4These patients have a signincant period of  
丘bTin01yBcac伽吋afterunc）ampingofthetransplanted  
liver．ThestudyexaminedtheuseofconventionalFFR  
CryOpreCipitate，andPCTLFFPfbrsupportofthesepadents  
andobservednodi鮎rencestoindicatethatthereduced  
levelso用brinogeninPCTIFFPwereclinicauyrelevant・［n  

addition，血elevelsofAPactivityarereasonablyconserved  
ir）PCTIFFf！一Althoughthelevelsoffibrinogenarereduced  
bythetreatment，thelevelsappearadequatetosupport  
hemostasisinpatientswithacdvefibrino吋Sis・  
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meanlevels of AP acdvityin PCT－FFP from SiteB  
（78三4rU／dL）and SiteL（76三41U／dL）were slightly  
outsidethelowerlimit（80IU／dL）ofthereferencerange．   

AfterPCT，themeanretentionofantithrombo也cpro－  
teins ranged仕om84to90percent Ebr PC and82（O  
85percentfbrAP（1払bles2and3）・Nodihrenceswere  
Observed between apheresis and whole bloodTderived  
plasma・Similarly，themedhre砧這血ninPCT－FFPranged  
from95tolOOpercentfbrPCand95to96percentEbrAT  
Crhbles2and3）．Theresultswerecomparablebetween  

apheresi＄aJldwholeblood－derivedplasma・   
Tbcomparetheprocess111gCharacteristicsbetween  

apheresis plasma（n＝90）and whole bloodTJerived  
plasma（n＝96），theresultsfromanthreesiteswerecom－  
binedforanalysis（職bJe4）．TherewerenosigniBcantdif－  
ferencesintheactivityofPCofeitherC－FFPorPCT－FFP  
between apheresis and whole blood－derived plasma・  
Whole bloodTJerived plasma contained signi丘cantly  

higherlevelsofPSbeforeandafterPCTthanapheresis  
plasma（SeeThble4）・hcontrast．thelevelsofATandAp  
Weregenera址ylowerinwholebloodAerivedplasmacom－  
paredtoapheresisplasmaandreachedsigni丘cance（See  
l払ble4）．  

T71eOVerall（n＝186）meanactivitiesoftheantithrom－  

boticprotehsinC－FFPandPCr・FFPwerewithintheref－  
erenceranges・A氏erPCTlmea皿retendonofPCandAPwas  
86and83percent，reSpeCtively，Whereasmeanretentionof  

PSandATwas97and96percent（7ゝble4）．  

DISCUSS10N   

ThePCTprocessfbrpreparationofpathogen－inactivated  
FFPinvoIvestheaddjtionofamotosalentoanominalcon－  

Centrationof150pmolperL（range．110－225pmol／U，山u－  
minatiohoftheplasmamixturewitha31percm2tJVR  
treatment，and removalofresidualamOtOSalen toless  
than2．OllmOIper L by a now CAD．Thee European  
CenterSparticipatedinthisstudytovalidatetheprocess  
under routine blood bank operation conditions．Each  
CenterprOCeSSed30unltsofapheresisplasmaand30to  
36unitsofwho］eblood－derivedp】asmawithirltegraldis－  
posablesetsthathavereceivedCEMarkapprovaland  
COmmerCialUVÅi11u血atozIThePCTprocesswascom－  
pletedwithinthetimeframefbrFFIミallowipgunitstobe  

仕0之en鵬thh8boursofco11ection．  

The mean pretreatment amotosalen concentration  
h’Omal1three sites was143±8pmolper L（n＝186），  
Whichiswe11widlinthetargetsystemperfbrmancerange  
Ofl10to225pmoIpt：rLTheusedfthemicroprocesior－  

COntrOlledUⅥliuuminatorehsureddeliveryoftheUVA  
treatmentdoseof3Jpercm2．Allthreecentersdemon－  

Stratedtheadditionofthecorrectamotosalenconcentra－  

tion，COmbinedwitha3Ipercm2uvAtreatmentdose，  
thus ensunngrobustpathogeninactivation．Themear）  
anotosalenlevelaftertheCADtreatmentforallcenters  
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