
SCIENTIFIC DISCUSSION 

ThismodulereflectstheinjtiaIscientiEicdiscussionfbrtheapprovalofCystagon．Thisscientific  
discussionJlaSbeenupdatedunti110ctober2002．ForinfbrmatioJlOnChangesafterthisdate  
PleaserefbrtomoduIe8B．   

1． Introduction  

Nephropathiccystinosisisarareautosomalrecessivedisease．ItischaractehsedbyanaccumuIationof  
舟eecystineinthelysosomes（Iysosomalstoragedisease）ofvariouscelltypesandresultsincystine  
CryStals depositionin the kidney，brain，COrnea，COI叩nCtiva，bone marrow，1ymphatic nodes，  
leukocytesandotherorgans．DiagnosiscanbeestablishedbymeasurlngCyStinelevelsinwhiteblood  
CellsChildrenwiththislethaldiseasedevelopend－Stagekidneyfailureinashortperiodoftimeand  
usuallyenterintodialysISOrtranSPlantprogrambytheendofthenrstdecadeoflife．  

Variantformsofcystinosisarealsoknownincludinganintermediateforminwhichend－Stagerenal  
diseaseisreachedsomewhereinthesecondtothirddecadeofl脆，andabenignvariantinwhichthe  
Onlysystemicmaniftstationarephotophobiaandcornealcrystals．  

The treatment of cystinosis nephropathyinvoIves replacement of nuid and electrolyteslosses．  
CysteamineisnotavailableasapropnetarymedicinalproductintheEuropeanUnion，butisalready  
usedindi晩rentforms（CySteaminehydrochloride，phosphocysteamine，CySteaminebitartrate）fbrthe  
treatmentofthesepatients．  

Cystagoncontainscysteaminebitartrate・Cysteaminebitartrateisthenamecurrentlyusedwhereasthe  

InternationalNon－prOpnetaryNameoftheproductismercaptaminebitartrate．  

2・ Chemical，Pharmaceuticalandbio10gicalaspeets  

Cystagonispresentedin whitehardgelatin capsules containing50mgor150mgofcysteamine  
formulatedascysteaminebitartrate．Thetwodifftrentstrengthsareidentifiedbythecapsulesizeand  
byaspeCincprinting（CYSTA500rCYSTA150）onthecapsulebody．  

Development pharmaceutics 

ThecapsuleformulationhasbeenselectedinordertoimproYetreatmentCOmPliance（improved  

palatabilitycomparedtothesulfide－1ikeodourofothercysteamlneSOlutions）．Thesecondo叫ective  
WaStOObtainabetterstabilitycomparedtooralsolutions．Theexcipientswereselectedinorderto  
minimisethemoisturecontentandthereforeavoidbitartrateinstability．  

Theformulationisempiricalandonlyjustifiedbythestabilitydata．  

Compatibilitystudieswiththeselectedpackagingwerenotprovidedbuttheselectedpackagingwas  
COnSideredacceptableonthebasisofthestabilitystudies．AdesiccantunitcontainingbJackactivated  
Carbonandsilicagelgranulesisincludedinthebottles．  

A dry granulation technique was used because cysteamine bitartrateis hygroscoplC and quickly  
OXidisesinthepresenceofmoisture．  

Methodofpreparatjonofthedrugproduct  

Thecapsulesaremanufacturedbyasingleblending／compactedmi11edprocesswhichleadtoa  

cysteamine bitarnate intermediate used for encapsulation of both strengths. The manufacturing 
processisdescribedforalOOkgbatchsizeofcysteaminebitartrateintermediatewhichisusedfor  
aboutlOOOOOcapsulesof50mgand130000capsulesof150mg・AdiagramshowingcontroIsand  
SPeCificationswasenclosedforthepreparationoftheintermediate・Themanufactunngprocessyields  
anintermediatebulkanda且nalproductwithacceptablephysicalandchemicalcharacteristics．  

Theprecautionstakentoprotecttheactive substanceduringthemanufacturlngPrOCeSShavebeen  
described・A clear validated procedure of the handling of the active substance during the  
man11fhcturlngPrOCeSSShouldbeprovided．  
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Controlofstartingmaterial  

Active substance 

The pharmaceuticaldocumentation consists ofan0pen documentation and a con貞dentialdossier  
（DMF）・AnEDMFhasbeensubmittedtotheEMEAbyProfarmacoandaletterofaccessispresented  
inthedocumentation．  

Thesyntheticpathwayfbrcysteaminebitartrateisprovided．  

Cysteaminebitartrateiseasilysolubleinwater．1tsstructureissupportedbytheresultsofeIemental  
analysIS and datafrom severalspectroscop）C teChniques．Cysteamine basewithout the bitartrate  
moietydoesnotpresentisomerism．  

The revised specificationsincluding the colour specincation，the tightening ofignltlOn reSidue  
SpeCincation andamorestrlngentparticle specificationwereconsideredacceptable．Specincations  
limitsfbrcysteamineare97－102％．  

Resultswerepresentedforthreebatchesmanufactured．TheproposedanalytlCalcontroIswerenotable  
to confirmifal1potential，prOductrelatedand processrelated，impurities wereadequately studied．  
Therefore cysteamine tartrate and bitartratelevels should beincludedin the spec浦cations which  
alreadyincludethedegradationproductofcystamine．AnewlimitforsingIeandtotalimpuritieswas  
de茄ned andwi11be reviewed according to the observed results by Gas Chromatography／Mass  
SpeCtrOmetry・  

Theapplicanthasprovidedsomeinformationontherawmaterialusedformanufactureoftheactive  
Substance．HoweveritisnotpossibletoassesstheimpurityproⅢefrom rawmaterialsbeforethe  
impuritiesreportsaresubmitted．Oneofthematerial，hydrochloride，CanSOmetimesreactwithanthiol  
group to yield a chlorine derivative whichis potentially toxic．This potentialimpurity should be  
SearChedandalimitshouldbeproposedandjustified．  

Other components 

Cert浦cates ofanalysISissued by the manufacturer are presentedfor each ofthe exclplentS．The  
functionaldetai1softheexclplentSaredescribed．  

Packagingmateria）  

Diagrams and construCtion of the difftrent bottles，Closures and desiccant aS WelJas their  
SPeCificationsandcontrolmethodsarefullydescribed．ThecertificatesofanalysISprOvidedforeach  
COmPOnentgiveresultswhichconformtospecincations．Thestabilitydataforcapsulesstoredinthe  
de貞nedprimary packagingupto2years，and30monthsforsomebatches，demonstratethatthose  
PaCksareentirelysuitablefbrbothdosageforms．  

Contro）testsonintermediateproductmaterial  

Thecysteaminebitartratebulkispreparedforboth50mgand150mgencapsulation．Bulkdensityand  
Sieveanalysisarecontrolledoneachbatchproductiontocheckthereproduciblehomogeneityofthe  
powder．Thesameassaycontentlimitsareappliedforthebulkandcapsulescontrolatrelease．  

Thespecificationforthecontentshavebeenrevisedandtightenedto95－105％．  

Contro）testsonthefinishedproduct  

SpecificationusedtocontroIthequalityisbasedonstandardrequirementsforcapsuledosageforms．  
A11methodshavebeenvalidatedandthesamelimitsareappliedatmanufactureandthroughoutthe  
proposedshelfJliftoftheproductforalltestparameters．  

The speci石cations at releaseforrelated substances andloss on drying were not supported by the  
resultspresentedinthebatchanalysISandweretherefbretightened．Thespecificationsatreleasefor  
COntentWereadaptedtomeettheEuropeanguidelines（95－105％）．  

Informationon3manufacturingbatches（indicatingthemanufacturingscale）shouldbeprovided．It  
should be clearly established that the manufacturing process yields a finished product with a 
reproduciblequality．Dataonthemicrobiologicalqualityofthefinishedproductshouldbeprovidedas  
well．  
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Stability  

StabilityortheactiYeSubstamce  

Cysteamine contains a thiolgroup whichis extremely susceptible to oxidationforming the  
correspondingdisulphidecystaminewhichisthemaindegradationproduct・Thespeedofoxidationof  
thioIsmaylnCreaSethroughtheef托ctsofheatandlight・  

ResultsarepresentedfromstabilitystudiesonnvebatchesmanufacturedbetweenJune1992and  
Januaヮ1995storedatroomtemperature（＋27・20C土2・50C）upto3years・Thebatcheswerestoredin  
contalnerS Simulatingthe packaging system．The analytlCalmethods appliedwerethesameaS at  
release．ThesubstanceishygroscoplCandunstableunderthestudiedstorageconditionst  

Preliminaryresultsat6monthsononebatchstoredat15－300C／40－60％relativehumidityunderclosed  
conditions（producedinJamary1996，batchsize140kg）were≧nclosed・Dataonthreeotherbatches  
wi11besubmittedlaterinordertoestablishthestorageconditionsforthebulkproductandthere－teSt  
period・Forthetimebeingthemanufacturershouldcontroleachactivesubstancebatchimmediately  
beforeuslngitinthema肌血ctureofthennishedproduct・  

Nodataon degradation understress conditions were provided・Results ofstudies regardingthe  
intrinsicstabilityoftheactivesubstancewillbeprovidedlater・  

Stabjlityortbefinishedproduct  

Fourbatchesofeachstrengthmanl血cturedonproductionscalewerepackedandstoredin．high－  
densitypolyethylenebottlesoflOOand500capsules・Thestorageconditionsareinconformitywith  
EuropeanUmionguidelinerequlrementS・Theonlychangeobservedwasaslightincreaseincystamine  
levelandinmoisturebutal1resultsarewithinthespeCificationslimits・Thereleaselimitshavebeen  
correctedto90－105％．  

Thetrendforhygroscopywasconfirmedandonthebasisofthebatchesobtainedduring1994，aShelf  
liftof2yearscanbeaccepted・  

3． Toxko－phamacologiealaspects  

Thepreclinicaldossierrefersmainlytooldbibliographicaldataoncysteaminehydrochloridewhich  
arenotuptocurrentstandards・NoexperimentaltoxicologlCalandpharmacologicalstudieswere  
Carriedoutbytheapplicant．  

Pharmacodynamics 

Review ofcysteamine pharmacodynamics was made through a bibliographicalresearchinfour  
databasesfortheperiod1980－1996・  

Therearenoanimalmodelsofcystinosistostudythepharmacodynamicefftctsofcysteamine・  

Nodataconcemlnggeneralpharmacodynamicsareavailable・Severalwell－knownpharmacodynamic  
e飴ctsthatcouldberelevanttotheside－e脆ctspro貞1eofthedrug，SuChastheactiononsomatostatin，  
prolactinandglucagonandtheinductionofduodenalulcersweredescribedinrats・  

Pharmat：Okinetics  

Noanimalpharmacokineticdataareavai1able・  

Toxicology  

Singledosetoxicity  

Although the documentation did not complywith standard toxicologlCalmethods and presented  
importantdeficiencies，thegastrointestinaltract could be considered asthemaintargetorgan as  
demonstratedin single dose toxicitystudies in rodents・The test substance was cysteamine  
hydrochloride．  

Repeateddosetoxicity  

Subacutetoxicitywasstudiedinafour－Weekoralstudyin2monkeys（150mg／kg／day）andina13  
weekfbedingstudyinrabbits（100mg／kg／day）・Chronictoxicitywasonlystudiedin5monkeysgiven  
20－150mg／kg／day orallyforoneyear・No gastrointestinalefftctwasobservedinthesestudies・  
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Although thelow doses were below the therapeutic dosage（50－60mg／kg／day ofcysteamine  
bitartrate），theno－efftctlevelcouIdnotbeestablished・  

Singleandrepeatedadministrationtoratsindicatedthatgastricandduodenalulcerscanbeproduced  
athighdosesof200mgn（gandabovebysubcutaneousirtjection・  

Thechronictoxicitystudyinmonkeysandanother9－Weekstudyinrabbitsshowedefftctsonbone  
marrow，Howevertheavai1abledataneitherdemonstratenortota11yexcludetheefftctofcysteamine  
onbonemarrow．ThisisaddressedintotherelevantpartsoftheSummariesofProductCharacteristics・  

Otherstudiesinratsconnrmedapotentialforduodenalandgastriculcerogeniceffects，andcataract  
developmentwithearlyadministrationofthestudy・  

Reproduction toxicity 

Thereproductiontoxicitydataoriginatefromoldpublicationswhichdonotfo1lowcurrentguidelines・  
Fourstudieswithcysteaminebitartratehavebeenprovided・Butthereisonlyoneproperstudyinrats・  
Theothersaredoserangingstudies（twoinratsandoneinrabbits）withnofoetuseXaminations・  

MaternOtOXicitywas Observed atal1doses tested・An embryolethale脆ct was reported斤om  
lOOmg／kg・Furtherm？rethedoseてangingstudyinrabbitwasnotassessablebecauseofahigher  
sensitivityofthisspecleStOCySteamlne・Noinformationisprovidedonfoeto－placentaltransftrandon  
milktransftr．  

Therearenotsufncientdataavailabletoassesstheefftctsofcysteamineonreproductionfunction・  
TheinformationinSections4．3Contra－indicationsand4．6PregnancyandLactationaddressesthis  
sltuation．  

FurthertotheCommissionDecisionissuedon23June1997，tWOneWarticlesonthereproductiveand  
embryo－foetaldevelopmentsafttyoforalcysteamine（administeredasphosphocysteamine）intherat  
havebeenpublished・CysteamineisshowntobeteratogenicinratsatdosesequalorgreaterthanlOO  
mg／kg／day・ThisteratogenicdoseisequivalenttoO・6g／m2／dayintherat，Whichislessthanhalfthe  
recommendedclinicalmaintenancedoseofcysteamine（1．30g／m2／day）．Therefore，theMarketing  
AuthorisationHoldersubmittedaTypeIIvariationapplicationon7November2000toupdatethe  
relevantsectionsoftheSPCtorevisetheinformationonpregnancybasedonnewpreclinicaldataon  
thereproductiontoxicityoftheactivesubstance・  

Mutagenic potential 

GenotoxicitystudieswereincompleteanddidnotcomplywithEuropeanUnionguidelines・Therewas  
howeverinvitro evidenceofaclastogenic potentialofcysteamine・The applicantWaStherefbre  
requestedtocompletegenotoxicitystudies，  

ThecompanyprovidedtheresultsofanAMEStestandaMouseMicronucleustest・Thesestudies  
indicatedthatnomutationsormicronucleiwereinducedatthedoselevelsstudied．Theresultswere  
consideredsatisfactory．  

Carcinogenicity  

Nodataareavai1able．  

1mmunogenicity  

Nodataareavailable．  

Risk－benentconsiderationsforapotentiallyeffectivedruglntendedfbradiseasewhosealternativeis  
deathatanearlystagerecommendthepreclinicaldossiertobeaccepteddespitethedenciencies・The  
applicanthasbeenrequestedtoprovidetoxicologicalstudiestodeterminethemutagenicityand  
genotoxicity  

4． Clinicalaspects  

Cystinosisisaveryrarediseaseandthereforeatraditionalclinicaldevelopmentprogramhasnotbeen  
performedowlngtOVerySmallnumbersofavailablepatients・  

Diagnosiscanbeestablishedbycystinelevelsinwhitebloodcellsandexpressedasnanomolesof  
hemicystinepermi11igramprotein（assomeanalyticalmethodsdonotdifftrentiatedisulndecystine  
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and thioIcystine）．Normalindividuals have white blood cellcystinelevels ofless than  
O．2whereassubiectsheterozygousforcystinosishavelevelsbeIowlnmol／hemicystine／mgprotein・  
Individuals with nephropathic cystinosis have white blood cell levels of more than 
2nmol／hemicystine／mgprotein・  

Whitebloodce）1cystinelevelsbelowlnmol／hemicystine／mgproteinhavebeenchosenasthetarget  
levelmarkerofdrugefncacymeasured5to6hoursfollowlngadministrationofthedrug．Thislevelis  
approximatelytheupperLlevelofcystineinheterozygotes・Sincehetero琴gOteShavenosymptomsor  
SlgnSOfrenalorotherorgandysfunction，this）eveliscompatiblewithnormalrenalfunction・Patients  
inwhomthoselevelswerenotreachedwereconsideredtobeinadequatelytreated．  

TheclinicaldocumentationdescribesstudiesuslngCySteaminehydrochloride，Phosphocysteamineand  
CySteaminebitartrateindif托rentformulations・ThecapsuJeformulationmaylnCreaSeCOmplianceby  
decreaslngthe unpleasant taste and smellofcysteamine・Cysteamine hydrochloride was the first  
formuIationtobetriedandwasadministeredasasolutionevery6hourswithanaveragemaintenance  
doseof50mgn（g／day．  

CIinicalpharmaco】ogy  

Pharmacodynamic studies 

Thereislittleinformationin the dossier regarding cysteamine pharmacodynamics．Orally  
administeredcysteaminebitartraterapidlydissociatesingastrointestinaltractintoactivecysteamine・  
Lysosomalcystineaccumulationincystinosisresultsfromthedefbctivetransportofcystineacrossthe  
lysosomalmembraneinto the cytoplasm．The cystine－depleting efficacy ofcysteamine has been  
demonstratedinvitroandinvivo．Ithasbeenshownthatcysteamine舟eelycrossesthecytoplasmic  
membraneCOnCentratingintheacidiclysosomes．Thereitreactswithcystinetoformcysteineand  
CySteine－CySteaminemixeddisulphidewhichleavecystinoticlysosomes・  

Pharmacokinetic studies 

Thereisalackofpharmacokineticdatabutanewkineticstt）dyisplanned．Itsresultswi11besubmitted  
whenavailable．  

AbsorptlOn，distribution，metabolism andelimination studieshavenot been performed・Interaction  
dataarealsomisslng．  

As most clinical efficacy studies have been canied out with cysteamine hydrochloride and 
phosphocysteamine，bioequlValencestudiesbetweenthese2formulations andcysteaminebitartrate  
Wereperformed．  

StudyCYST9301andstudyCYST9929TereCarriedoutinmalehealthyvolunteers（8and24  

respectively）randomly assigned to cysteamlne bitartrate capsules or cysteamine hydrochloride  
SOlutioncorrespondingforbothformulationstolO50mgcysteaminebase）・The2formulationswere  
COnSideredbioequlValentinthesestudies．  

StudyCYST9235wascarriedoutin8patientswithcystinosisalreadyrecelVlngCySteaminehydro－  
Chlorideorphosphocysteaminesolutionsforatleastlyear．ThesepatientswereswitchedtoequlmOlar  
（intermsof丘eebase）dosesofcysteaminebitartratecapsulesandtreatedfor21days．  

Meanplasmacysteamineconcentrationsfo1lowlngtreatmentwithcysteaminebitartratecapsuleswere  
higherthanthosefo1lowlngtreatmentwiththesolutions．Theefftctonwhitebloodcellscystineof  
bitartratecapsuleswasapproximatelytwicethatofthesolution．  

ThereforebothformulationscannotbeconsideredequlValentinpatientswithcystinosisatsteadystate・  
Cysteaminebitartrateatthedoseusedinducedagreaterreductioninthewhitebloodcellscystine  
Ievelsbelowlnmol／hemicystine／mgprotein．  

Post－marketingdata－FurthertotheCommissionDecisionissuedon23June1997andasapartofa  
SpeC浦cobligation，thestudyentitled“Estimationoforalcysteaminebitartratepharmacokineticsat  
steady－StateincystinoticpatientsMwassubmittedonJanuary21St，2000・  

Theresultsshowedthatthedecreaseinleucocytecystinelevelsiscorrelatedtothecysteamineplama  
concentrationoverthesixhoursfo1lowlngtheadministrationofCystagon．Theleucocytecystinelevel  
reachesits minimum（mean（i＝Sd）value：1．8±0．8hours）slightlylater than the peak plasma  
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CySteamineconcentration（mean（士Sd）value：1．4±0．4hours）andreturnStOitsbaselineJevelasthe  
Plasmacysteamine concentration decreases at6hours post－dose．Following asingle oraldoseof  
CySteaminebitartrate equlValenttol．05gofcysteaminefree basein healthyvolunteers，themean  
（±sd）valuesforthetimetopeakandpeakplasmaconcentrationarel．4（±0・5）hoursand4・0（±1．0）  
Llg／mi，reSPeCtively．Inpatientsatsteadystate，thesevaluesarel．4（±0．4）hoursand2・6（±0・9）ug／ml，  
respectively，after a dose rangingfrom225to550mg．Thein vitro plasma protein binding of  
CySteamine，Whichis mostly toalbumin，isindependent of plasma drug COnCentration over the  
therapeuticrange，withamean（±sd）valueof54，1％（±1．5）．Theplasmaproteinbindinginpatientsat  
Steadystateissimi1ar：53．1％（±3．6）and51．1％（±4．5）atl．5and6hourspost－dosing，reSpeCtively．  

InapharmaCOkineticstudyperformedin24healthyvolunteersfor24hours，themeanestimate（±sd）  
for the terminalhalf二1ifb of elimination was4．8（±l．8hours）．The elimination of unchanged  
CySteamineintheurinehasbeenshowntorangebetweenO．3％andl・7％ofthetotaIdaiJydoseinfbur  
Patients；thebulkofcysteamineisexcretedassulphate．Verylimiteddatasuggestthatcysteamine  
pharmacokineticparametersmaynotbesignificantlymodifiedinpatientswithmildtomoderaterenal  
insu餌ciency．NoinformationisavaiJabJefbrpatientswithsevererenaJinsufficiency・  

On7November2000，theMarketingAuthorisationHoldersubmittedaTypeIIvariationapplication  
toupdatetherelevantsectionsoftheSPCinordertoincorporatethepharmacokineticinformation  
Obtainedinthisstudy．  

Clinicalexperience  

Inthethreestudiespresented，atOtalof234patientswithnephropathiccystinosishavebeentreated  
OVer a12－year period．Patients were diagnosed byincreasedlevels ofwhite blood cells cystine  
（＞0．2nmol／hemicystine／mg protein），CyStinecrystalsincorneaOrinbone marrow．Meanage of  
diagnosiswas2lmonthswhereasmeanageofentrywas41months．  

Boththerepresentativityofthepopulationandinclusioncriteriaareappropriate．Efficacycriteriawere  
ma血enanceofrena】function（renaIfunctionand／orrenaJdeathwasassessedbycreatinineclearnCe  
levels，Calculated renalclearance，needfor dialysis or traヮsplantation），improved survIVal，  

maintenanceofgrowthvelocityandlevelsofwhitebloodce11scystlne．  

NoformaIdoubJe bJind placebo controJled efficacy studies are avaiIable bothforethicalreasons  
（positiveinitialresults，1ackoftherapeuticalternativeandfhtaloutcomeofthedisease）andpractical  
reasons（odourandtasteofcysteamine）．  

The dosages glVen Were uSually chosenwiththe aim to achieve areduction ofwhite blood cells  
CyStinebelow2nmol／hemicystine／mgprotein．Patientswhodidnotachievetheselowlevelswere  
COnSideredtohavebeeninadequatelytreated．  

Emcacy  

Threeclinicalstudiesfore用cacyareavailable．Aninitialopenstudywithhistoricalplacebotreated  
COntrOIs（9148－1），aretrOSeCtivestudy（9148－2）inwhichmanyofthepatientswereprobably  
undertreatedand anextenslOnOf9148－1includingalsosomenewly recruitedpatients（9148－3）in  
Whichtwodiffbrentdoseswerestudied．  

Study9148－lwasaヮopヲnandmulticentrestudywhichenrolled97patients（males22，females41）・  

94nephropathiccystlnOSISpatientsweretreatedwitheitheroraIsolutionofcysteaminehydrochloride  
（N＝91）orphosphocysteamine（N＝3）・Thedosewasapproximately54mg／kg／dayforcystealine  
and phosphocysteamine・A historicalcontrolgroupwas usedfrom a randomised study ofpatlentS  
treatedwithascorbicacidorplacebo．Theinclusioncriteriawere：prOVennePhropathiccystinosiswith  
Serum Creatinine valuesless than 4 mg／dl（350 pmol／1），elevatedleukocyte cystine content  
（＞0．2nmol／hemicystine／mgprotein）andnootherknowndisease．Thesameinclusioncriteriaapplied  
tothehistoricalcontrol．   

Renal function 

Thepatientstreatedwithcysteamineshowedamaintainedmeancreatinineclearancewithvaluesat  
entryandafter5yearsoftreatmentof43and47・4ml／min′1・73m2respectively・Statisticalcomparison  
Ofcreatinine clearance values between groups showed a sign沌cant difftrencein favor ofthe  
CySteaminegroup（p＝0．0006）．  
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ThenumberofcysteaminetreatedpatientswithaserumCreatiniTelevelbelowlOmg／mlatage6was  

higherthanthatofcontroIs（170f27versus20f17，reSpeCtlVely：Oddsratio12．8）．Patientswho  
Startedtherapywithsomedegreeofrenaldamagewerelesslikelytorespond・  

Nopatientstreatedwithcysteaminediedbut120utOf97patientshadrenaldeathwhereasloutof  
17patientsinthehistoricalplacebocontroldiedand2hadrenaldeath．  

Growth  

Standardisedheightwas86％ofthe50thperCentileatentry and84％a免er5yearsoftreatment  
indicatingmaintenanceofgrowthrateincysteaminetreatedpatients・  

Study9148－2wasaretrospeCtive and non－COmparative study・Fi負y－ninechildrenwithcystinosis  
（44withouttransplant，15withrenaltransplant；29malepatientsand30malepatients）weretreated  
with cysteamine hydrochloride or phosphocysteaminein the United Kingdom・Only the non－  
transplantedpatientswereincludedintheefncacyanalysis・Thedosesofcysteaminehydrochloride  
andphosphocysteaminewere34・4and36・5mg／kg／dayrespectively・26patientsreceivedcysteamine  
hydrochlorideand18patientsphosphocysteamine．  

Renal function 

CysteamineatrelativeJylowdosesslowedorpreventeddeteriorationofglomerularfunction，basedon  
Creatinine clearance，Which showed only a slight deterioration丘om baseline to6years（Only  
llpatientsreceivedtreatmentfor6years）．  

Growth  

Thisstudydemonstratedthatcysteamineorphosphocysteaminetherapyresultedinmaintenanceof  
growthrateintreatedpatients．  

Survival  

Oftheevaluablepatients，3（7％）requiredtransplantationbutstartedtherapylateinthediseas9at  

4・6and8yearSOfage・OneofthesepatientsdiedofmultisystemicfailurecompatiblewithcystinosIS．  

There was no significant di蝕rence between pre－treatment and茄nalvalues ofwhite blood cells  
CyStineconcentrations・Thisislikelyduetothelowerdoseusedinthisstudywithrespecttostudy  
9148－l・Thegeneraltrendhoweverwasthatpatientswhostartedtreatmentatanearlystagewitha  
reductioninwhitebloodce11scystinecanreach10yearsofagewithanacceptablerenalfunction．  

Study914＄－3was an open，multicentre study whichincluded93naive patients（39males and  
38ftmales，WithserumCreatinine＜3mg／miandconfirmedhighlevelsofwhitebloodcellscystine  
COnCentrations）and46patientswhocompletedstudy9148－1（withserumCreatinine＜4mg／mlvalues  
withoutdialysisortransplant）・Thecompletedataofstudy9148－3uptotheendofthetrialin1994  
WerePrOVided．  

Cysteamine hydrochloride or phosphocysteamine were randomly allocated and administered in 
SOlutionevery6hoursatadoseofeitherl．3g／m2／dayorl．95g／m2／day（equivalenttoapproximately  
600r90mg／kg／day？SpeCtively）・Thedosagecalculationsweremadeaccordingtobodysurfhcein  
thisstudybecausepatlentSmightgainweightbutmightnotcatchupheight，andthiscouldresultinan  
excessivedosagecalculatedonJyontheweightbasis・28patientsreceivedcysteaminehydrochloride  
and65patientsphosphocysteamine．  

Renal function 

The resultsindicatedthatcysteamine maintainedglomeruIarfunctionwhentreatmentwas started  
early，basedoncreatinineclearanceleve］sandlackofdialysISOrtranSPlant・  

Survival  

Eight out of46（17％）long－term patients experienced renaldeath．Four patients underwent  
transplantationordialysis・Twonaivepatientsfromthenewpatientsgroupdiedbuttheirdeathswere  
notconsideredtoberelatedtocysteaminetherapy・  
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Growth  

Growthratewasmaintainedinbothdosagegroupswithnochangeinratefromstartoftherapytothe  
datacut－0ffpoint・  

This study showed no difftrencein response between the two doses of approximateIy600r  
90mg几g／day，givenora11yinfourdivideddoses．  

Fo1lowlng administration to children and adultswith eIevatedleukocyte cystine concentrations，  
cysteaminefreebaseatdosesof130rl．95g／m2／daygiveninfourdivideddosesreducedleukocyte  

CyStine．Innaivepatientsthemeanleukocytecystinelevelwas3．73nmol／hemicystine／mgproteinat  
entry．LeveIsfbllwithtreatmentandremainedclosetolnmol／hemicystine／mgproteinafter36months  
Oftreatment．Howevertherecommendeddosagedidnotseemtoachievetheintendedwhitebloodce11  
CyStinelevelsinanumberofpatientsaccordingtothepostmarketingdatasubmitted．  

In summary，Clinicalstudies have demonstratedthat cysteamine was e舵ctivein preventlng  
degradationofrenalfunction，improvlngSurVivalandgrowthrateinpatientswithcystinosis．lnorder  
tomaintainwhitebloodcellscystinebelowlnmol几emicystine／mgprotein，theoraldosageglVenin  
4divideddoseswasdeterminedtobe50－60mg／kg（1．3g／m2／day）inchildrenunderage12andunder  
50kgofweightand2g／daygivenorallyinfourdivideddosesinolderchildrenandadults．Leukocyte  
CyStineleve）has not beenformaJJy vaJidated as a surrogate end point butits reductionis very  
SuggeStiveofefficacyglVentheacceptedpathophysiologyofcystinosis・Neverthelessthedosagehas  
tobeadaptedindividuallytoreducewhitebloodcellscystinelevels．  

Oralcysteaminewas not shown to preventeye deposition ofcystine crystalanditis not known  
Whethercysteaminemaypreventbraindepositionofcystine，therebypreventingdementia．  

Safbty  

Saftty data are scarce conceming cysteamine bitartrate butinfbrmation coming 丘om other  
formulationstriaJsisacceptable．  

Thesafttyevaluationisbasedon246patientsinwhomclinicalobservationsandlaboratorystudies  
PerformedperiodicaIly．AdverseeventswerecoIIectedretrospeCtively（exceptinstudy9148－3）butthe  
reportswerenotpreparedinastandardisedmanner．  

Thetwodoselevelsusedinstudy9148－3showednosignificantdifftrenceexceptfbrnaivepatients  
whoreceivedphosphocysteamine．11patients（32％）experiencedvomitingatl．3g／m2／daywhereas  
21（71％）atl．95g／m2／day．  

Instudy914＄－1，CySteaminewaswe11tolerated．NauseaandvomltlngWerethe main sideefftcts  
Observed・Inthecysteaminegroup，3patientswithdreγ，Onehadaseriousevent（hepaticveno－  

OCClusive disease probably relatedto cystinosis）．25patlentS repOrted33events，30fwhich were  
Seriousandpossiblyrelatedtocysteamine（OnehospitalisationfordehydrationaRervomiting，One  
episodeofmoderateincreaseofALT，ASTandLDHandoneepisodeofhallucinations）．  

lnstudy9148－2，9patientswithdrewduetoadverseeventsmostJygastrointestinaJ（nausea，VOmiting，  

anorexia，dian・hoea and fbver）and20ther patlentSwithdrew due to adverse events and disease  
progression（oneofthesepatientsdiedofmultisystemicfiilureconsistentwithcystinosis）．  

Instudy9148－3，2patientsdiedbuttheirdeathswerenotconsideredrelatedtocysteaminetherapy．  
14patients（10％）withdrewmostlyduetogastrointestinaladverseevents．NosuddenorunexpeCted  
adverseeventswereobserved．  

Sincethe marketingauthorisationintheUnited StatesofAmerica，three serious adverseevents  
havebeenreported．Onecaseofstomachpainandskindisco】oration，OneCaSeOfFanconisyndrome  
（PrOteinuriaandhypoalbuminaemia）andonecaseofelevatedbloodglucose．  

Themost舟equent adverseeventswerenausea，VOm］tlr）g andanorexia．Skinrasheswere reported．  

Otherundesirableefftctsincludedseizuresandha11ucinations．  

The applicantis keeping areglSterOfthetreated patientsincludingdataon theirgeneralclinical  
OutCOme and possible adverse efftcts．Furthemore the applicant proposed aform that would be  
providedwitheachorderofthemedicinalproductandafbrmwhichwouldco11ectinfbrmationon  
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Patients who discominue treatment．The applicant has been requested to provide analysis ofthis  
informationgatheredwiththeseformsonaregularbasis．  

Belle爪t／riskassessment   

Risk 

About70％ofpatientssuf海redfromadverseef掩cts．Someofthemsuchasgastroduodenalimitation  
COincidedwiththoseforeseeninpreclinicalstudies．  

Thereisaconcernwithregardtothelong－termuSeOfcysteamine．Thepotentialforbonemarrow  
depression and for neuroendocrinologicalside efftctsin humans and thelack of complete  
mutagenicityorcarCinogenicityanimalstudies、maybecomeparticularlyrelevantwithamedicinal  
productprolonglngSignificantlylifヒexpeCtanCy．ThoughnomutagnlCCOnCernWaSnOtedinAmestest  
andMousemicronucleustestperformedlater．  

Furthermorethereproductionstudiesdonotallowconcludingonateratogenicitypotentialwhichis  
alsoaconcernaswomenwithcystinosisreachchildbearingage．  

Beme爪t  

Thethreeclinicaltrialsstronglysuggestedthatcysteaminedelayedrenaldeterioration（asestimatedby  
leanSOfcreatininelevels）andrenaldeath（needfordialysisorrenaltransplantation）whentreatment  
lSStartedatanearlyagewithgoodrenalfunction．Treatedchildrencanreachtheageoftenwithan  
acceptablerenalfunctionwhereasrenaldeathisexpectedbeforethatageinthenaturalcourseofthe  
disease．Efncacyonrenalfunctionislesscleariftreatmentisstartedwhenrenalfailureisalready  
marked．  

Considering thatnephropathic cystinosisis afhtalandrare diseaseandthatcysteamineis aIready  
COnSidered a usefu1drugwith no alternative treatment（althoughnot available as a proprietary  
medicinalproductintheEuropeanUnion），therisk－bene坑tratioofCystagonhastobeconsidered  
hvourable．  

Moreinformation on the possible］ong－tenn Side efftctswi11be providedthrough the analysis of  
informationgathered舟omareglSterOftreatedpatients．  

FirstAnnualReassessmemt  

OrphanEuropesubmittedadossiertotheEMEA，Rapporteur，Co－RapporteurandCPMPmembersin  
June1998．AttherequestoftheRapporteur，OrphanEuropehasupdatedthisdossiertocompletethe  
informationinitial1yprovided，  

OrphanEuropesubmitteddataontheextentofuseofCystagonintheEuropeanUnion，aClinical  
expertcommentonthenewinformationprovidedsincethemarketingauthorisationandacompany  
COmmentindicatingtheirexperienceandsuggestionsregardingtheuseofthepatientfo1low－upforms．  

ThetotalnumberofpatienttreatedinEuropeanUnionduringtheperiodcoveredbythisreportas  
estimatedfromcustomersupplyrecordsseemstobearound280．Asthecompany’sexpertpointed  
Out，Clinicalexperience remainslimited because the patient populationis very small．The CPMP  
requestedthesetupofapatientdatabasebasedonthevoluntaryreturnOfpre－de坑nedtreatmentforms  
COmpletedbythetreatlngphysician．AttheendofJune1998，atOtalof133formswerecollected．  
Theyrelatetoatotalof95patients．Nothingunexpectedhasbeenidentifiedintermsofefncacyor  
Safety，butsomerelevanttrendscanbeidentinedintermsoftypeoftreatment：  

・ The totaldaily dose varied丘omllto80mg／kg／d（mean42j＝14mg／kg／d）．While the  
recommendeddoseis50mg／kg／din4dosesperdayforchildrenunder12yearsand2g／din  
4dosesperdayforchildrenolderthan12years．  

・ Thenumberofdosesperdaywas4（ormore）inonly60％ofthepatients．  

Inviewofthelackofadherencetotherecommendeddose，itisnotsurprlSlngthatputativemarkersof  
efficacy，SuChaswhitebloodcellscystinelevels，themarkerrecommendedintheSPC，donotreach  
thetargetvalues．（Theseareavailableonlyfor46patients．）  

TheCPMPsti11thinksthatkeepingasystematicdatabaseofthetreatedpatientsisusefu1andwi11  
PrOViderelevantdatathatcouldnotbeobtainedotherwiseinadrug／diseaseofthistype．Thedata  
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alreadyobtainedonlackofadherencetotherecommendedtherapyproveit．Thesma11changeinthe  
fo1low－uPformsthemselvesproposedbythecompany（tostatethekidneytransplantationstatusofthe  
patient）isusefu1andacceptable．TheCPMPwelcomedthecompany’ssuggestiontosendprescribers  
aletterin orderto explain the usefu1ness ofthe patlentfo1low－upforms，Which shouldimprove  
COmPliance・ThecompanyshouldalsocommentinthenextPSURtheinter－1aboratoryvariationsin  
themethodofmeasurementofcystinewhitecellslevels．  

TwoperiodicsafttyupdatereportshavebeenprovidedcoveringtheperiodfromlSeptember1996to  
30June1998．Ingeneral，thereported adversereactionswerealreadyincludedinthe SPCandno  
furtheractioninthisrespeCtWaSdeemednecessaaPartfromslightlychangingthewordingofthe  
OVerdosesection，fo1lowingthereportofaprogressIVelethargyrelatedtotheoverdoseofcysteamine．  
Thecompany’sexpertdrawstheattentiontoarecentlypublishedpaperontheefftctsofcysteamine  
（HCIorplosphocysteamine，nOtCystagonwhichiscysteaminebitartrate）ongastricacidoutputand  
SerumgaStrinlevels．Cysteamineincreased acidoutputandserum gaStrinlevels，andinnammation  
WaSObservedintwosu叫ects（duodenalmucosainonecase，gaStricmucosaintheother）．Theexpert  
SuggeStS that theincreased gastric acid output could be bufftred byfood and recommends that  
CySteamine should always be administered with fbod・In the current summary of product  
Characteristics，thereisnogeneralrecommendationinreIationtofoodisglVenaPartinchildrenof  
6yearsofageorunder．ThecompanyshoulddiscusstheconveniencetorecommendgivingCystagon  
with餌．  

The CPMP recommendthatthe marketing authorisation remains underexceptionalcircumstances．  
TheCPMPagreed howevertorevisethelistofspec摘cobligations andfo1low－upmeaSureStO be  
fu1filledbythemarketingauthorisationholder．  

Second Annual Reassessment 

Pharmacokineticdata：  

The submission of the expected pharmacokinetic study has been delayed due to various aspects 
includingaslowerrecruitmentofpatientsthanexpeCted．Nevertheless，theresultsshouldbesubmitted  
by end1999．Resultsofacomparativebioavailabilitystudy evaluatingthreecysteaminederivatives  
（hydrochloride，bitaTtrate and phosphocysteamine）have been publishedin1999．No statistical  
dif托rencewasfoundbetweenrelativebioavailabilities，AUC（0，CX）），CmaxandTmaxwitheachofthe  
threesaltsofcysteaminetested・  

Clinicaldata：  

TheapprovalofCystagonbytheCPMPwasconditionedtoapost－apPrOValfo1Iow－upPrOgram，based  
Ontheco11ectionofperiodicalclinicalrecordfbrms什omthetreatlngphysicians．Duetothelimited  
numberofclinicalformsco11ectedduringthe重rstyear，theMAHolderwasrequestedtomakean  
e餓）rtincollectingtheseclinicalforms．  

Thenumberofclinicalformscollectedhasincreasedattheendof1998；Clinicalfbrmswerecollected  

飢〉marOund52％（versusonlyone－thirdofthetreatedpatientspreviously）buttheMAHoldershould  
COntint）etOenCOuragedoctorstofi）lintheforms，TheimportanceofcollectlngSuChdatawithevery  
drugSuPplyvisitisrecalled．  

Fo1lowlngaSSeSSmentOffirstannualre－aSSeSSment，theCPMPrequestedtheMarketingAuthorisation  
todiscussthec6nveniencetorecommendgivingCystagonwithfood．Twosix－mOnthPeriodicSaftty  
Update Report were assessed since the First ArmualReassessment・The mqjority ofthe reported  
adversereactionswas alreadyincludedinthe SPC and did notchangethebenent－riskratioofthe  
medicinalproduct．AcaseofoverdosewithprogressivelethargywasreportedinthesecondPSUR  
（seeFirstAnnualReassesヲment）・AtypeIIvariationwasthereforerequestedbytheCPMPto  
accordinglyupdatethesectlOnOftheSPC．TheMarketingAuthorisationHolderfulfilledthisrequest  
andappliedinthesametimetoaddthatCystagonisbettertoleratediftakena氏erorwithfood．  

Basedonthisdata，theCPMPrecommendsthatthemarketingauthorisationremainsunderexceptlOnal  
Circumstances．The CPMPagreed howeverto revisethelistofspecincobligationsandfo1low－up  
measurestobefu1filledbythemarketingauthorisationholder．  
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5． Conclusion  

ThepharmaceuticaldossierhasmostlybeenmadewithalreadypublisheddataconcemlngCySteamine  
eitherashydrochlorideorphosphocysteamineorcysteaminebitartrate・Informationonthem叫OrpartS  
oftheobjectionsraisedwasprovided．However，thequestiononimpurityproⅢeisnotyetcompletely  
answered．De重niteconclusionsregardingthequalityoftheactivesubstancewi1lonlybepossibleaRer  
submissionandassessmentofthereportontheimpuritypronlestudybyGasChromatography／Mass  
Spectrometry・  

Thepreclinicaldossierisinsufncientreftrringmainlytooldbibliographicaldataoncysteamineas  
hydrochloridewhicharenotuptocurrentstandards・Therearetoxicitydatainonlyonespeciesovera  
limited period oftime．Genotoxicitydataareinsufncientbutanin vitro clastogenic e飴ctwas  
demonstrated．Reproductionstudiesdonotallowconcludingonteratogenicitypotential・Toxicological  
studies to determine the mutagenicityand genotoxicitywere provided as part Ofthe specinc  
obligations・TheresultshavebeenconsideredsatisfactoryandatypeIIvariationhasbeensubmittedin  
OrdertoaccordinglyupdatetheSPC．  

The clinicaldossierincluded data demonstratlng efncacy ofcysteamine as hydrochloride and as  
phosphocysteaminetopreventdegradationofrenalfunction，improv）ngSurVivalandgrowthratein  
patientswithcystinosis．Moreinformationonthepossiblelong－termSafetywi11beprovidedthrough  
theanalysisofinformationgatheredfromaregisteroftreatedpatients・  

Despitethedencienciesinthedocumentationprovidedandconsideringthefavourablebenent／risk  
ratioforthis potential1y e脆ctive drugintendedfor a fataland very rare disease，a marketing  
authorisationshouldbegrantedforthismedicinalproductunderexceptlOnalcircumstanCeS・  

Theindicationisthefo1lowlng：  

Cystagonisindicatedforthetreatmentofprovennephropathiccystinosis・Cysteaminereducescystine  
accumulationinsomヲCells（e・g・leukocytes，muSCleandlivercells）ofnephropathiccystinosispatients  

and，WhentreatmentlSStartedearly，itdelaysthedevelopmentofrenalfailure・  

Cystagon treatment should beinitiated underthe supervision ofa physician experiencedinthe  
treatmentofcystinosis．  

SincetheMa止etingAuthorisation，intheviewofadditionaldataprovided，theCPMPconsideredthat  
the benenurisk proⅢe ofcysteamine remained favourable andthatthe Marketing Authorisation  
remainsunderexceptionalcircumstances・  
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