
SCIENTIFICDISCUSSION   

l Imtrodu（：tion   

TheLennox－Gastautsyndrome（LGS）isarareandoneofthemostseverefomsofchildhoodepilep苧y  
Syndrome．Thesyndromeusuallya飴ctschildrenbetweentheagesofland8ye訂S（typicallybetween  
3and5yeaTS），butoccasional1yhasitsonsetinchildrenwhoaremorethan8yearSOld．LGSbeginsin  
Childhoodbutcontinuestomaniftstintoadulthoodinalargenumberofpatientsandhasasignificant  
morbidityandmortality・Thehal1maTksofthediseaseincludethefo1lowingtriad：  

－ ThepresenceofmultipleseizuretypeS：themostcharacteristicaretonic－atOnicseizureSand  
atypicaiabsences，buttomic－Clonic，myOClonic，andpartialseizuresarealso舟equentlypresent・  
Tonic－atOnicseiz∬eSO鯖eni〉rOVOkesudden血11s（COmmOnlycal1eddropattacks）andresultin  
叫udes・  

－ me preSenCe Of generalized dischaTgeS with slow spike－and－WaVe COmplexes in the  
electroencephaIogram（EEG）．  

■ Thepresenceofmentalretardationoraleamingdisabirity．1ngeneral，thisisrepresentedbya  
Staticencephalopathy，althougbthementalstatusmayworseninthecourseofthediseasedue  
to multiple causeS，SuCh as very舟equent occurrence ofsei2nmS，SOmetimes subclimical，  
倉equentheadtrauma舟omthe魚11sassociatedwithseiz∬eS（dropattacks），andundesirable  
COgnitive e飴cts ofthehighdoses ofantiepileptic drugS（AEDs）used totreatthis very  
re舟actorytypeofepilepsy．  

TheaetiologyofLGSremainsunidenti丘edinabouthalfofthecases（CryptOgemicLGS），Whereasin  
0thers，thesyndromeresults＆omobviousbrainirdury（SyTPtOmaticLGS）・Themostcommon  

ide班iBal）le血ctorisahistoryofinfhntilespasms，OCCurrlnglnuPtOOne・thirdofthecases・0仕肥r  
CauSeSincludeperinatalcentralnervousSyStemtrauma，meningitisand encephalitis，tumOur，and  
SeVereheadtrauma．However，theelectroclimicalfbaturesareidenticalincryptogenicandsymptomatic  
LGS．  

LGSaccountSforapproximatelyl％ofa11newcasesofepilepsy，althoughitmayaccountforasmany  
a＄10％ofthecasesofsevereepilepsy．WithinEumpeanPOPulations，theprevalenceofLGSisO．9per  
lO，000populationacrossal1agegroups，andO．7，1and2perlO，000populationinagegroupsbetween  
Oand19years（EMEA忙OMPSummaryReportonanapplicationforOrphanMedicinalProduct  
Designation，COMP／390伯3，2004）．   

Thelong－termPrOgnOSisofLGSis舟equentlypoor，withdeterioratingmentalfunctionandpersistently  
highratesofsei2WeS．ItisconsideredasanePilepticencephalopathysinceepilepticphenomenon  
COntributestoworsenthechildrencondition．Sei2m一打eerecoverylSraqe；ftwert血110％ofpatierrts  
becameSei2We一缶eeinmostreportedseries．RemissionwithpreservedmentationoccurSinvery免w  
patients；rather，IQtendstodeterioratewithage，andtonicseizu托SPerSist，buttheslowspike－and－  
WaVePatterndoestendtoresoIve■Psychomotordelayandneuropsychiatricsymptomsoccurin90％of  
LGSpatients．Prolongedreactiontimeandinformationprocesslngarethemostimpairedcognitive  
functions，Whichexplainswhythesepatientshave aslowbehaviourand are o鮎nrqjected丘om  
SChool，eVenifintellectualcapacityremains．Behaviouralabnormalities occurin halfthe cases，  
including hyperactivity（most commonly），emOtional instability，aggreSSiveness，destruCtive  
behaviotlr，autism，andantisocialperSOnality．Such abnormalities and the arrest ofeducational  
PrOgreSS aremOrePrOminentin01derchildrenandadolescentsthaninyoungerChildren．Chronic  
PSyChosiswithepisodesofacuteexacefbationmayalsooccur．  
Themortalityrateisdi用culttoassess：about3％intheseriesofGastaut，Withameanfo1low－uPOf8  
yearsand7months，and7％inthatofLoubierwithameanfbllow－uPOf9yearSand9months．   

Current management OfLGSis not satis血ctory becausethe sei凱reS aSSOCiatedwithLGS are  
舟equently unresponsive to standardanticonvu1santS，inparticular carbama茂Pine，phenytoin，and  
barbiturates．Valproate，ORenusedasthedrugOfnrstchoice，mayhelpincontrollingsomeseizure  
typeS，Particularly atypicalabsence and myoclonic seizⅣeS．However，nO COntrO11ed trials  
demonstratingits－efncacyinLGShavebeenpublished．Benzodiazepines（Clonazepam，Clobazam，and  
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nitrazepam）arealso丘equentlyusedasa句uvantintermittenftreatmentforLGSpatientswhohave  
Clustersofsejtz∬eS・Nevertheless，nOfbrmalstudieswiththesedrugShavebeenreported．Newer  
AEDs，i．e．，1amotnglne，felbamateandtopiramatemaybeofbenefitinpatientswithLGS．Inone  
randomisedclinicaltrialdedicatedtoLGS（adultsandchildrenmixed）foreachofthesecompounds，  
theperCentageChangeintonic－atOnicseizuresordropattackswiththeseAEDshasreportedlybeen  
about25％greaterthanthatseenwithplaceboAsmallnumberofpatientsbecameSeizure倉ee．In  
addition to their moderate efncacy，they are associatedwithpotentially severe adverse reactions  
（aplasiaandhepatitiswithfe1bamate，Skinrashwith1amotrigine，COgnitivedisorderswithtopiramate）．  
Typically，eitherabenzodiazepineoroneofthenewerAEDs（1amotrigine，tOpiramateorfe1bamate）is  
usedasadd－Ontreatment，general1ywithvalproate．TreatmentwithbenzodiazeplneS，however，has  
SOmetimesbeenreportedtoworsenLGSand even toinduce status epilepdcus．Thetreatmentof  
PatientswithLGSo允en●invoIvespolytherapyduetothelackoffu11responsetOanySingleAED．Even  
Whenadrugisimitiallye飴ctive，thismaynotpersistlongterm．Nonetheless，Patientsusuallybenefit  
Onlyminorimprovementsinseizure舟equencyandseverity，aStreatmentSuCCeSSisuncommoninthis  
condition．  

Evaluationforasurgicalapproach（COrPusCal1osotomy）iswarrantedinpatientswhoarere丘actoryto  
allthesedrugtherapies．SurgerylSPurelypal1iative，however，andseldomproducestotalcontrolof  
SelZureS．  
Non－drugtreatmentSforLGS，includingketogenicdiet，Vagalnervestimulationforintractabledrop  
attacksareusedoccasional1y．   

Rufinamideis atriazole derivativeused asanantiepileptic drug（AED），StruCtural1y unrelated to  
CurrentlymarketedAEDs．   

ThepnmaryinviLroPhmacodynamicdataindicatethatinteractswiththeinactivatedstateofthe  
SOdiumChannelandslowsconversiontotheactivestatetherebyreducingthe丘equencyofsodium－  
dependentactionpotentialsinratneurons，ane飴ctthatcouldcontributetoblockingthespreadof  
Seizu托aCtivityfromanepileptogemicfocus・  

Evidencefrominvivostudiesuslnganimalseizu托mOdelsshowedthatruhamideisactiveinabroad  
rangeOfanimalmodelsofepilepsy．NotoleranCeWaSObservedinmimalsafterrepeateddosing．  

Ciba－GeigyillL Europeinitiatedthe earliest clinicalstudies withru負namidein1987．Novartis，  
（mergingofCiba－GeigyandSandoz），COntinuedthedevelopmentunti12001．EisaiCompany，Limited．  
acquiredtheworldwidedevelopmentrightstorufinamide舟omNovartison6February2004forthe  
SubmittedindicationandfurtherdevelopmentworksincethisdatehasbeencarriedoutbyEisai．   

Ru重namide was designated as Orphaninthisindicationbythe Committee on OrphanMedicinal  
Products（COMP）匹MEA／OD／047／04）on9thSeptember2004，adoptedbytheEuropeanCommission  
On20thOctober2004（EU／3／04／240）．ItwasdesignatedasanOrphanOnthe basisthatalthough  
SatisfactorymethodsoftreatmentofLGShavebeenauth0rizedintheCommumity，justificationshave  
beenprovidedtotheCOMPthatru血anidemaybeofsigni貢cantbene重ttothosea拝ヒctedbythe  
condition．  
NoprotocolassistanCeinthis・indicationwasrequestedbytheapplicant．   

2  Qualityaspeets   

Introduetion  

Inovelonispresentedasf王1m－COatedtabletscontaininglOO，2000r400mgrufinamide・Tbetabletsare  
pink，’ovaloid’in sh叩e，Slightlyconvex，SCOred on bothsides・Eachstrengthisidentined byan  
embossedmarking”C261”，“C262”and“C263”onlyononesideofthetablet，forthelOO，200，and  
400mgstrength，reSPeCtively・  
Inovelontabletsarepackagedinpush－throughPA／AL／PVCblisterpack，alsoreferredtoasAl山Alu  
blisterpackinpacksizesoflO，30，50，60100且1m－COatedtabletsfbrallstrengths，Whereasforthe  
400mgstrengthonly，anadditionalpacksizeof200tabletsalsoexists・  
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ActiYeSⅥbstance   

Rufinamide，atdazolederivative，istheINNnameOftheactivesubstanCel－（2，6－dinuoro－phenyl）  
methyl－1月」1，2，3－tria2：0）e－4－Carboxmide．ThemolecularformulaisClOH8F2N40andtheRelative  
MolecularMass238．2・Itappears as a窮ne，White，Odourlessand slightJy bitter，nOthygroscopic  
POWderofneed）eshapedcrystalswithaggregates・Itispracticallyinsolubleinwater，Slightlysoluble  

lnmethan01andveryslightlysolubleinethanol．Duetotheneedleshapedcrystals，thedrugSubstanCe  
has alow bulk density，pOOr幻owproperties and strongtendency to agglomerate．The par（ition  
COefncient，logP。F，，isO．65，andthemeltingrangeisbetween2330Cand23＄OC．Therearefourkn0wn  
POlymOrphicformS，A，A：BandC；Abeingthethermodynamicallystableform・   

● Manu血cture   

Thesynthesisoftheru血amidedrugSubstanCeisa7－StagePrOCeSS・Foranindividualstep，SeVeral  
batchesmaybecombinedfbrwo血p・IfabatchofanintermediateorthedrugSubstanCefailstomeet  
SpeCi丘cations，thematerialmaybereworkedaccordingtotheproceduredescribedinthesynthetic  
description，StartingatanaPprOpriatestage．Theproductisisolatedandpuri丘edbyseveralstepsofre－  
CryStal1isationinitial1ywith2－PrOpanOlandlaterwithmethan01．  
Themanu血cturingprocessofru鰯namideisadequatelycontrolledbythetestlngOftheintermediates．  
Ru頁namide manu血ctwed bythe cumnt processis exclusively modiBcation A，Whichisthe  
thermodynamical1ystableform．AllbatchesofdrugSubstanceusedforteclmical，tOXicologicaland  
ClinicalinvestigationsShow modi丘cation A．Thereis no evidence of hydrate fbrmation舟om  
difftrentialscamingcal0rimetryPSC）orfromthestoichiometryofthemolecule．  
BatchanalysisdatafromninebatcheswerepresentedandtheconsistencyoftheresultsconLirmthat  
theactiYeSubstancecaLnbemanufhcturedreproduciblyasal1resultsaqewe11withinlimits．   

・ Spec摘cation   

ThespeCi五cationforcontrolofthedrugSubstanceincludestestsforappearan8e，bulkdensity（USP），  
CryStalmodification（Ⅹ－raydifh．action），identi缶cation（lR，HPLC），clarityPh．Eur．）andabsorbanCe  
（UV）ofO．1％MeOH sdlution，heavy metals，Sulphated ash（Ph．Eur．），aSSay（HPLC），related  
SubstanCeS（HPLC）・and residualsoIvents（GC）．In addition to this controlimposed bythe  
manu魚ctt汀er，Eisaiperformsatestforparticlesizedistributionandbulkdensity，keepinginmiTldthe  
Verylowsolubil卸andpoorflowぬilityofru鮎amide．  
AdditionaltestsforresidualsoIvents（GC，CE）andlossondrying（Ph．Eur・）訂eincludedinthe  
SPeC摘cationforruGnamidebatchesthataTereWOrked．  
Batchesanalysisprovided，includingbatchesusedinpre－Climicalandclinicalstudies，COn丘rmthe  
Suital）ilityofthespeC摘cations・   

・ S也bil吋   

Sincethe originaldevelopment was dane by Cib〟Geigy爪Joval，（is，Stabilitystudies have been  
PerformedbybothNovartisandEisai・  
Novartis hasperformedlong－term，aCCelerated and photo stabilitytests，StreSS teStingandforced  
decompositionstudiesunderdifrbrentconditions．Results舟omtheseNovar（isstudieswerepresented  
forthree batches as prlmary data・This datapackage contains results丘omlongterm testing，at  
250C／60％RHand300C／70％RHforupto3yeaqs．Foracceleratedtesting，400C／75％M，reSults  
Were preSentedfor up to6months・The drug SubstanCe has additional1y been subjected to  
Photostability testingin accordancewithlCH QIB Guidelineand has beenfound not to be  
Photolabile．ThedrugSubstancewassubjectedtoextremesoftemperattm（500CtolOOOC）andfound  
tobestable．  

Eisaihasalsoperformed stability studies onfourCOmmerCialsizebatches ofruhamide・These  
batches have been putin on－gOing stabilityand resultsfor up to6months were presented，  
demonstratingnosigni茄cantChangeinanyteStedparameteratterstorageat250C／60％RH，300C／70  
％RHor400C／75％RH．  
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Inconclusion，theresults什omthestabilitystudiesperformedsofardemonstratethatrufinamideisa  
Stableandnon－hygroscoplCSubstanCe．Therefore，theapplicant’sre－teStperiodproposalisjustined  
WhenthebulkdrugSubstanCeStOredintheproposedpackagingmaterialandconditions．   

MedieinalProdⅦC暮   

Pharmacelltical Deveiopmentnt 

Attheveryearlystagesofdevelopment，unCOatedtabletsoflandlOmgwereproducedbydirect  
COmPreSSion．However，′aSthedosehadtobeincreased，directcompressionwasimpossibleduetothe  
poorflow characteristics ofrufinamide・Higherstrength（50andlOO mg）uncoated tablets were  
developedusingthedry”roller”compactionmethod，but且owabilityproblemswereobservedduring  
thedry’compactionprocess．Asafurtherincreaseofthedosagestrengthto400mgwasnecessary，  
furtherchangeSinthecompositionandinthemanufacturingprocessoftheproductweremadein  
OrdertoachieveanaCCePtableweightandsizeofthe400mgtabletsandtoovercometheteclmical  
problems observedin the roller compaction process・A wet granulation methodpwasintroduced  
togetherwithformulationmodificationspertainingtopartialreplacementofwaterinsolubleexcipients  
withwater－SOlubleones，aSWellastheempIoymentofstrongerdisintegrant．Inordertoimprovethe  
Wettabilityandtodecreasethe broadvariabilityofthebulkdensityOfthe drugSubstance，apre－  
densifkation step wasintroduced before granulation：the voluminous drug maSSis wetted by a  
SOlutionofsodium1auri1sul蝕einahighshearmixer．TheactivesubstanCebulkdensityspeciBcation  
WaSSetbasedonresults丘omabioequlValencestudy，COmparingtal）1etsmanufacturedwithruhamide  
Ofdi飽rentbulkdensity．haddition，aParticlesizespeci窮cationisproposedtocontrolthequalityof  
theactivesubstance・0therbioequivalencestudieswereperformedbetweenthe”rollercompaction”  
formulationandthe重nalformulation（Wetgranulationwithpredensi丘cation）．Thefinalformulation  
gave20％higherAUCinbioavai1al）ilitycompzLredwiththe“ro11ercompaction”tabletsumderfed  
COnd址ions．However，thereisnoconcem舟omthisdi飴rencebecauseonlythe重nalformuldionhas  
beenusedinthepivotalclinicalstudy．  
ApaTt舟omtheprocessabilityproblem，an0therdifBcultyhasbeentheverylowaqueoussolubilityof  
theactivesubstanCe・Therefore，anOWthroughmethodwasdevelopedtocontrolthedissolutio  
Ofthe也blets．AlthoughdissolutiontimesarelongthisdoesnotpresentaproblemsincetherelSnO  
permeabilitybarrier・  

A maximumStOrage periodforthe granules was detemined to two months．It wasfurther  
demonstratedthatnochangeOfpolymorphismoccursduringthemanufhcturingprocess．  
Finally，ahypromelloselilmcoatwasintroducedtomaskthebittertasteofthedrugSubstance．The  
tabletshapewasalsochanged＆omroundandnattooblongcoresandprovisionofscoresasbreak－  
marks．  
ThetablettingmixtureusedforthelOO，200and400mgfbrmulationsisthesameandthedi飽rent  
Strengthsareobtainedbyincreasingproportionallythecoreweightstoavoiddi飴rentdrugrelease  
CharaCteristicsandtofacilitateproduction．  
Theexcipientsarecommonlyusedinphamaceuticalproductsandweretestedforcompatibility・All  
theexcipientsmeetthespecincationsde血edinthecurrentPh．Eur．monographsoracceptablein－  
house Standards．Puri重ed wateristhe only soIventusedforformulation processesincluding  

granulationandcoating・   

● AdventitiousAgents   

Themagnesium stearateusedintheproduction has been confirmedby the applicantand by the  
manufacturertobeofvegetableonglnandisthereforenotconsideredasariskregardingBSE．  
A certincate危omthe supplier of thelactose has been provided stating that“血elactoseis  
manufhctured舟omfoodgradecow’smilk，SOurCedfromhealthyanimalsinthesameconditionsas  
mi1kcollectedforhumanCOnSumPtion”fu1fillingtheNfG CPMp侶WP／1230／98revl，Whichis  

Satis血ctoIγ．  
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● Manu血ctureoftheProduct   

InovelonlOO，200and400mg丘Im－COatedtabletsaremanufhcturedbystandardwetgranulation，  

tabletting and創血－COating processes・A common granulateis usedforallthe three strengths・  
Granulation and pre－densification areperformed on two equalsub－batches・The extemalphase  
excipientsisaddedtothecombinedtwosub－batchesofgranulaies，thenthemixtureissievedand  
lubricationlSPerformedinadifhsidnmixer．  
Themanufacturing？rOCeSSinvoIvesthefo11oTingsteps：Pre－densiBcation，mixing耽neading，Wet  

granulation，drying，SleVhgnubrication，COmpreSSlOnand重Im－COating．  
Followlngmanufhcture，thetabletsarepackedinbulkintoanaluminiumlaminatebagfortranSpOrttO  
thesiteofpackagingintocoTmerCialpacks，   

・ nOductSpecほc血on   

ThespeC班cationforInovelon刑m－COatedtabletsincludestestsforappearanCe（visual），identiBcation  
（TLC，HPLC），dissolution（Ph・Eur・－Apparatus4／HPLC），relatedsubstanCeS叩LC），aSSay（HPLC），  
andcontentuniformityげh・Eur・）・Additional1y，microbiologicaltests（Ph．Eur）areperformedonone  
b叙Chperyear．  

ThetestsandlimitsofthespccincationsInovelonBlm－COatedtabletsa陀aPPrOpriatetocontrolthe  
qualib，Ofthefinishedproductfortheintendedpurpose．   

● S也bil卸Of也eProduct   

EisaiheLSperformedstabilitystudiesoneightbatchesoftd）1etsintocommercialpackagingfortwelve  
months・Resdts録omsupportingstd）ilitystudiesperformedondrugprOductstoredinHDPEbottles  
Werealsopresented・Additionalstd）ilitystudieshavealsobeenperformedonInovelontabletsinbulk  
PaCk・Theapplicanthascommittedthattheon－gOingstabilitystudieswi11continueforthrecye訂S・The  
analyticalmethodsusedduringthestabilib，StudieswerethesameaSthoseappliedforcoTrtrOIofthe  
dmgproduct．  
Stabilitystudiesresultsfromtwelvebatchesofal1threestrengthsofInovelontabletsmanu血cturedby  
Novartiswerepresentedassuppor（ivedata．Eightofthosebatcheswerepackagedintheintended  
marketpackaging甲aterialforupto36months・Additionalstabilitystudieshavealsobeenperformed  
OnhovelontabletspackedinfDPEbottlesforupto36monthsandinbulkpackforupto18months・  
Photostabilitystudieshavealsobeencarriedoutonninebatchesoftabletsofal1strengths．  
Tbeanalyticalmethodsusedduringthestabilitystudieswerethesameasthoseappliedfbrcontro）of  
thedrugPrOduct・Additionaltestsintheshelf・1ifespeCi丘cationwerelossondrying，hardnessand  

disintegration．Allresults丘omstressed，aCCeleratedandlong－termCOnditionswerewellwithinthe  
SPeC摘cations1imits．  

Basedupontheon－gOingstal）ilitydata丘omEisaiandstabilitydatafromNovartis，theproposedshelf  
lifeandstorageconditionsasstatedintheSPCareacceptable・   

DisⅢSSiononebemical，pharma亡eⅦtkala皿dbi0logiealaspects   

ThequalityofInovelon重1m－COatedtabletsisadeqtntelyestal）lished．Ingeneral，Su餌cientchemical  
andphamacedicaldocumentationrelatingto development，manufacture and controlofthe drug  
SubstanceanddrugPrOducthasbeenpresented．Therearenom再Ordeviations舟omEUandICH  
requirements・Theresults oftests carriedoutindicatesatisfhctory consistencyanduniformityof  

importantPrOductqualitycharaCteristics，aLndtheseintumleadtotheconclusionthattheproduct  
ShouldhaveasatisfhctoryandmiformperformanCeintheclinic．  
StabilitytestsindicatethattheproductunderICHguidelinesconditionsischemical1ystableforthe  
PrOpOSedshelfl脆．  
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3  No山一Clinicalaspecb   

Thepivotalsafttyphamacologystudiesinvestigatingcentralnervoussystem（CNS），C訂diovascular  
SyStem（CVS）（includinghERGassqy），reSPiratoryandrenalfunctionwereperformedinaccordanCe  
withGoodLaboratoryPractice（GLP）regulations．  
Most studies andal）pivotalstudies have been conductedinaccordancewithGLP，including  

toxicokineticanalysis．   

Pbarmacolo訂  

TbeCPMPNotefbrGuidance（NfG）ontreatmentofepilepticdisorders（CPMP佗WP／566／98revl）  
addressesalso non－ClinicalaspeCtSfor a medicinalproduct to be usedfor treatment ofsei2m  
disorders・“ThenetmbiologicalmodeofactionmaybeimportantSinceitmayindicateinwhich  
Sei2TuretypeSandepilepticsyndromethedrugmaybyefncacious・乃Further，1hestudyoftheefncacy  

pro創eshouldbedoneinseveralexperimentalmodels，includingmodelsofgeneralisedepilepsieswith  

absences・Itisimportanttoknowifthedrugindevelopmentdisplqysanti－Sei2WeaCtivityonlyorifit  
hasapotentialforantiepileptogenesisaswell．”   

● PrimむγPhamacodymics   

血γかos餌di田  

R血midein viqo（atlpM＝100pmolrL or higher）prolonged the recovery録om sustained  
inactivationofNa＋channelsinculturedcorticalneuronsinvestigatedwithpatchclampteclmique  
indicdingthat血amideirrteractsmainlywiththeinactivatedstateofsodiumChannelsandslows  
COnVerSiontotheactivestate，therebyreducingthefrequencyofactionpotentials・Nosigmificant  
inhibitionatvohage－gatedNa＋，K＋orca＋channelswasobserved．  
lnan0therexperiment，ru重namidedoseJependentlydecreasedthesustainedrepetitivefiringw加han  
IC500f3・8pmouI・Thedurationofactionpotentiaifiringalsodecreasedindicatingane飴ctof  
rufimide on血ingofsodium－dependentactionpote山ialsthatcouldcontributeto blockingthe  
Spread of seizwe activity 丘omanePileptogemic focus．No extrapolation betweenin vitro  
COnCentrations ofruhamideandthein vivo situationinhumanwillbe performed sinceitis  
consideredoflimitedvalue．  
Ruhamide did not signlficantlyinteractwitha number ofneurotransmitter systems，including  
GABA，benzodiazepine，mOnO禦jnergicand choHnergic binding sites，N－methyl－D－aSPartate  

（NMDA）andotherexcitatoryam1nOaCidbindingsites．AweakinteractionatP－adrenergicreceptor  
Siteswasnotedatafairlyhighconcentration．   

血lイ川Sludi阜§  

TheandconvuLsantactivio］Ofru丘namide wasinvestigatedin alarge numberofrelevant animal  
modelsofsei2Wedisorders，mimickinggeneralisedtonic－Clonic，Simpleandcomplexpartialseizum沼・  
NospeC摘canimalmodelexistsfortheLennox－Gastautsyndrome．   

IntestofgeneralisedtoniいClonicseizuressuchasthemaximalelectroshocktest叩Stest；mice／rats）  
OrOnSeizuresinducedbypentylenetetrazol（mice），rufinamidedose－dependentlysuppressedsei2WeS，  
InmiceanED5OOf19・2mg化gwasdeterminedusingtheMEStest，andinratsthecorrespondingED50  
is4－11m釘kgfo1lowingoraladministration・Whenextrapolatedtophamacokinetichoxicokineticdata，  
theseefrktswereobservedatorslightlybelowclinicalexposure．Noadverseeff如tswerenotedupto  
45m釘kg．  

Ru負namidewasactivealsoinchemicallyinducedseizures（penty1enetr2LZOleandpicrotoxin）inmice  
athigherED50’scomparedtotheMEStest，butwaswithoutefFbctinpicrotoxininducedseizures．The  
Phamacologicalpro創eisexpeCtedtobesimi1artocarbamazepineratheTthanSOdiumValproate．The  
efncacyofru重namideintheMEStestwasinvestigatedafterdi蝕rentpre－treatmenttimes，Varylng  
betweenland8hourS．ThelargesteffbctwasseenaRershortpre－treatmenttimes，Whichcorrelates  
withthe phamacokinetic pro創e ofrufimide．When comparlng prOteCtiveindexesfor several  
antiepileptic drugS，ru丘namide was equal1y e飴ctive or more e舵ctive than conventional  
antiepileptlCS・  
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Inanimalmodelsofepileptogenesisforpartialseizuresincatsuslngpemicillinasafocalepileptogen，  
aninhibition of hippocampaland corticalafter－discharges was observed aRer treatment with  
ru血amide300mgn（g．Areductionofseizweswasalsoobservedinchronicallyepilepticrhesus  

monkeyswithrecurringpartialseizuresaftertreatmentwithru重namide30－50mg此gdailyfor15  
days．   

Evidence舟ominvivostudiesuslnganimalseizuremodelssuggeststhatruhamidiisalong－aCtlng  
dnlg．   

Toassessthee飴ctsofruhaunideonleamlngandmemory，theelectroshock－inducedamnesiatest  
andthe step－down passIVe aVOidancetest were performedinmice．A reductionin electroshock－  
inducedamneSiaandanimprovementinleamlngWereObservedineachtest，reSpeCtively．  
The analgesic potentialofruhamide was weakly e飴ctiveinratand gulnea plg mOdels of  
neuropathicpainPP）・h）thesemodels，itsoveral1pro負1ewasequaltothatofcaibamazepine（CBZ），  
Whereaslamotrigine（LTG）wassomewhatmoree］隅cacious．   

● SecondaryphamacodynamicsandSafttyphamacologyprogramme  
Ru血1amidedidnotproduceanyuneXpeCtedortoxicefrヒctsinthesafetyphamacologystudies，Which  
WereCOnductedinaccordancewithlCHS7A（CPM刑CfI／539／00）．  

ThemainCNS－relatede飴ctsofrufin釦mideareslightCNSdepressantaCtioninbothmice（100－300  
mgkgp・0・）zmdmonkeys（200mgA％P．0．）inbehaviouraltests．InaccordanCeWiththeproposed  
mechanismofactiontheCNSdepressante飴ctisexpected．  
No e飽ct on motor coordination，body temperattm or hexobarbitoninduced sleepmgtime waLS  
Observed・Further，dataon behaviour訂ealso avai1dble丘om prlmary Phamacodynamic studies  
indicatingfewadversee飴ctsexceptataxiaathighdoses・InanimalmodelsoflearningperformanCe，  
i皿PrOVedleamingwasnotedinmiceatdosesofO．3－30mgn（gp．0．TheclimicalrelevanCeOfthis  
findingisunClear．   

Ru負namideinducednoorveryslightcardiovascularc飽ctsindogs（uptolOmgA（gi．v．）．Noe飴cton  
bloodpressure，bloodflow，P－WeamPlitude，P－Qinterval，QRSintervaland Q－Tintervalwas  
Observed．Aslightdecreaseinheartrdewasnotedatthelowandhighdoselevel．Confirmationof  
lackofcardiova＄CularandECGe飴cts coJneSfromlong－termStudiesindogsandCynomolgus  
monkeys，ate】甲OStUelevelintheclimicalraLnge．Ruhamidehadnoe飴ctonhERGcurrentwhen  
investigatedinhumanembryonickidneycellsatconcentrationsuptolllM．   

0叫Slighte飴ctsonrespiratorysystem，renalsystemand．bloodglucosewereobserved，COnSideredto  
beoflowclinicalrelevanCe．   

● Phamacodynamicdruginteractions  
The abilityofrufuamide tointeract phmacodynamical1y with other antiepileptic drugS WaS  
investigatedusingtheMEStest．Theanticonvulsante飴ctofru重namidewasadditivetothatofother  
antiepileptic drugS・No phmacodynamicinteractions could be observed．Five days repeated  
treahent withru負nanideindllCed no toleranCeinthe MES test，While toleranCe developedfor  
diaz印amandcarbamaEepme．   

Noanticonvu1santaC缶vitywasobservedwithany Oftherufinamidemetal）01ites cGP47291，CGP  
47292CGP47293，CGP47294extracted仕omraturine．   

PbamacoM血eti亡S  

TbeanalyticalmethodtodeterminerufinamideinhumanplasmawasshowntObeapplicabletodog，  
ral，bit，ratandmonkeyplasma・AlthoughvalidationandassaysofthetoxicologystudiessanPlesdo  
not航ttothemodemcriteria，theywereinaccordanCetOthebestpracticeatthetimewherethestudies  
bavebeendone．  
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d占∫0′pJわ〃  

Rufinamidewasslowlyabsotbedinallinvestigatedspecies（mouse，rat，dog，Cynomolgusmonkey  
and baboon），in addition，relatively slow clearanCe，andlittle or no氏rst pass metabolism were  
Observed・Non－1inear absorption was observed at highdoses with decreasing absorption with  
increasingdose，mOStmarkedlyindogsandCynomolgusmonkeys・Thelowabsorptionindogsand  
baboons couldhavebeencausedbythesoliddosageform used（CryStalline substanCeingelatine  
CapSule）whereasformice，ratSandCynomolgusmonkeys，inwhichabsorptionwaヲgOOd，aliquid  

SuSPenSionwasadministered・TherewerenopronounCedgenderdi飴rencesinsystemlCeXpOSure．  

Theabsorpt10nOfru茄namidewascharacterizedbyalowrate，WithvariableextentofabsorptlOn  
Whichwasspecies－dependant・Theabsorptioncapacityfbrru負namidewasassessedinCaco－2cells，  
Zmdthepredictedoralabsorptionwasintheorderof80－90％．   

上）ね打診〟Jわ乃  

Thedistributionwassimilarinmiceandinrats．Thehighestlevelsofradioactivitywerefoundinliver  
（mouse，rat），adrenals（rat）andaorta（mouse）・NospecificafBnityhptaketoorganS／tissuewasdetected  
andnonotableaccumulationwasobservedafterrepeateddosing．Ru負namiderapidlyandreversibly  
CrOSSeStheblood－brainbarrier．Ru丘namidealsocrossestheplacentaandpassesintofetaltissuesin  
ratsandrabbits，andwasdetectedalsoinmuTlmaryglands．TheserumPrOteinbindingwaslow（23－  
29％）inrat，dog，baboonandmamosetandcomparal）1etothatinman（34％）．   

Serum prOtein binding ofrunnamidein speCies waslow（23～35％）．Radioactivity丘omlabelled  
ru丘namidewasdistributedthroughoutthebodyinrats，andtherewasnoevidenceofapeculiaror  
PerSistentafnnltytospecificorganSandtissues．AmarkedandreversibletranSftrofru負nanideandbr  
metd）01ites tothe embryo／fetalcompartment was observedin ratsand rabbits．Radiolabelwas  
distinctlytakenupintothemammaryglandsindicatingthecompoundand／ormetabolitescouldbe  
excretedwiththemilk．   

肋ねゐoJねm  

Biotransformationhasbeenexむninedinrodents，dogsandprimatesandthemetabolicpathwaysfound  
includethosepresentinhumanS．Systemicexposuretometaboliteswaslow．Judgingfromurmary  
excretiondata，thecompoundwasclearedmainlybymetabolisminailspeciestestedandexcretionof  
theproductswasdividedbetweenurineandfheces．Verylittleunchangedrufinamidewasexcreted  
into urine．The main metabolite was the carboxylic acid，designated CGP47292，formed by  
hydrolysis ofthe carboxylamide group，Catalysed by carboxyesterase（S）．0Ⅹidative metabolism  
yieldingCGP4729lwasminorandapparentlymorepronounCedinrodentsthanindogsorprimates．  
Ru丘namideweaklyinduced drug－metabolizing enzymesin ratand mouseliverinaqualitatively  
Similarmamerto carbamazepine orphenobarbital・Rufinamideshowedno sigmificantcapacityto  
inhibittheact蕊vityOfthehumanP450enzymesofrelevanCetOdrugmetabolism．Itcanbeconcluded  
thatthespeciesusedinthetoxicitystudiesfbrmthemainmetabolitesinhumanS（CGP47292and  
tracesofCGP47291），andhence，havebeenexposedtothesemetabolites．  

Thecholeliths（COnSistingofmetaboliteIV）seeninCynomolgusmonkeygal1bladderintherepeated－  
dosestudiesandthefluoride－1inkedosteomasinmiceobservedinthecarCinogenicitystudy，raised  
questions丘omtheCHMPabouttheirrelevancetohumanS・，  
An additionalmetabolic pathway（to the metal）01ism by c訂boxylesterases）was proposed by the  
Applicantforthemouse and monkey，Wheren血amideis metabolised throughoxidation ofthe  

dinuorophenylnng，fo1lowedbynuoridesubstitutionbyglutathioneandglutathionedegradationvia  
themercapturicpathway，withsubsequentformationofmetal）01iteIV．Thoroughinvestigationsbythe  
applicanthaveshownthatglutathione－derivedmetabolites（includingmetaboliteIV）couldnotbe  
detectedinhumanS．However，itcarmotbecompletelyexcludedthatsmal1amOuntSOfglutathione  
COqugateS may beformedin humanS．Therefore，the CHMP agreedthat the e飽cts seen after  
ru負namideexposureinmouse（OSteOmaSanddegenerationofsubmandibularglands）andCynomolgus  
monkey（CholelithsingallbladderconsistingofmetaboliteIV）canbeconsideredasspeciesspeCinc．  
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血crgJわ〝  

Excretionofruhamidewasrapidandcompleteinmice，ratS，dogs，mOnkeysandbaboons・Renal  
excretionwasthepredominantrOuteOfexcretioninallspecies，eXCeptthebabooninwhichbiliary  
excretionappearedtobesignほcant．   

To裏cology  

Al1pivotalstudieswereGOnductedaccordingtoGLPstandards．   

Single dose toxicityty 
Ruhamideisoflowacutetoxicitywithapproximatelethaloraldosesofmorethan5000mg此gin  
mice，5000mgn（ginratandmorethan2000m帥gindogs．Withintraperitonealinjectioninratsthe  

lethaldosewaslOOOmgn’g・meClinicalobservationsWeremainlyCNSrelated・Notoxicokineticdata  
WereaVai1able舟omthesingletoxicitystudies．Whencomparingallometricallycorrectednon－1ethal  
doses，themultipletohumanmaXimumdose（48mgnqg）was叩PrOXimatelylOinthemouseandrat，  

and20inthedog．   

● Repeatdosetoxicity（Withtoxicokinetics）  

Mnamidewasadmimisteredoral1ytomouse（3monthsand600mgn（g／day），rat（upto26／52weeks  

and600m幽day），Beagledog（upto26／52weeksand600mgnqyday），Cynomolgusmonkey（12  
monthsand300mgAqyday）andwi1d－Caughtbaboon（1monthand300mg耽g／day）．Themaintarget  

OrganOftoxicitywastheliverinalIspeciestested，andinrodents，thekidney・   

hmice，uPtO3timesincreasesinASmLTandALPandhepatocellularhypertrophy（mimimalto  

mi1dinmalesandmimimalinfemales），Singlecellnecrosisand／orhepaticpigmeTrtaCCumul血ion（in  

periportalareas，inKupfftr’scellsandhepatocytes）accompaniedbyincreasedrelativeandabsolute  
liverweightsat200and600mgnEgWereSeen．Thesee飴ctsoccurredataneXPOSurelevelsimilarto  

the maximtm clinicalexposure（AUC）・Althoughhepatoce11ularhypertrOPhyandincreasedliver  
Weights areindicators ofmetabolicinduction・n戚nむnide was only a wehkinducer ofdrug－  

mctabolising e呵mPSin malemice・The accumulation ofmidenti重ed pigment andincreased  
ALTASTandALPisindicativeofhepadcidury・Liverwasalsoatargetorganintherepeated－dose  
toxicitystudiesinratandinthecarcinogenicitystudiesinratandmouse．Themechanismofthese  
負ndingsISnOtfu11yexplainedandtherelevanCeforhumanSisunCertain・However，nOSignificantliver  

toxicitywereobservedduringtheclinicaltrials．  

Atrophy ofthe acinarepitheliumOfthe submandibular salivaryglands was characterised by a  
decreased number ofsecretory granulesandincreasedan0untS Ofpale，basophilic cytoplasm，  

OCCaSional1yvacuolated・Thesechangeswereofmimimalseverity，withtheexceptionofonehighdose  

免male，Whichshowedglanddegeneration・Themetabolicpathwayinthemouseliberatesfluorideions  
（Seephamacokinetics）andacorrelationbetweenfluorideandthedevelqpmentofthesubmandibular  
glandshasbeendisctJSSedintheliterature・Asthe幻uorideliberatingpathwaylSnOtrelevantto  
humanS，（Seed）OVeSeCtionmetabolism），theclinicalrelevanceofthee脆ctsonthesubmandibular  
glandsarenOtCOnSideredtobeanissueforhumanSafety・   

hzraLs，mOStlyinmaleandtoamuchlessextentin免males，administrationofru負namideforlmonth  
auldupto52weekscausedcentrilobulaThepatocellularhypertrophyandcytoplasmicvacuolationof  
Cellsoftheanteriorpituitary・ThesefindingsarerelatedtoincreasedT4UDP－GTactivity，Seena負er8  

dayswithadoseof600叩gn’g・T4tJDP－GTenhancestheclearanCeOfthymidhormones，Which  

resultsinareductionofnegativefbedback，aCtivatingTSHinthepituitaly，and，intum，aCtivatingthe  

thyroidtoproducethyroidhormones・LiverenqmeinductionleadingtodisruPtionofthepituitary－  
thyroidaxisiswellkn0wnandspeciesspeCiBcfortherat，andthuslacksrelevanCetOhumanrisk  
assessment・HepatocyteenlargementandpigmentaccumulationinmacrophagesandKup飴r’sce11s  
WereSeenatmidandhighdose，eVena允er4weeksrecovery   

h7Beagledbgs，tWOmOribundftmaleswereseenatmidandhighdosesinthe13－Weekstudy（87－  

6091）（an0therfemaleathighdosehadthesameSymptOmS，butdevelopedthemlaterandcould  

COntinuetheLStudy）・The severe signs，Clinicalcollapse，SeVere haematoIogyand bone ma汀OW  
Changes，COuldbeattributed，aCCOrdingtothEapPlicant，tOanautO－immunereaction．  
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Further，atdosesof600mgn（g，hepatice脆ctsincludedperiacinar，intracanalicularorcentrilobular  
intrahepatocellularbileaccumulation，bileplugsandpigmentdepositswithinhepatocytesorinbile  
Canaliculiandfocalperivascularinnammationwithincreased ALP，ASTand ALT．0nly partial  
reversibilitywasseenafter4weeksinthe26／52weekstudy．TheAUCfbrthe600m釘kgdosewas  
（mean氏maleand male）4430ドmOl＊hr几，givinganeXpOSure multiple to the maximumClinical  
exposureofapproximaiely2・Clinlcally，a5timeincreaseoftheal）OVeuPperlimitofnormalwasseen  
forbilirubin，ASTandALTinafewpatients．SincethemetabolicpathwaysindogsandhumanSare  

Similar，and metabolite CGF47292being a common m句Or metabolite，the CHW requested  
discussion onthisfinding・Investigations onthebile physiologyinbile－duct cannulateddogthat  
repeat－doses ofru丘namideinduced a changein bile composition and viscosity as wellasan  
hypercholeresis・Althoughthemechanismofthecholestasisisnotunderstood，theclinicalexperience  
OVerru1esthequestionoftherelevanCetOhumanSOfthese重ndings．Inthedog，theNOAELissetto5  
mgn（g（13－Weekstudy），WhereleukocyticinLiltratesintheliverwasseeninfemaledogs．   

b7nOn－humanprimates忙叩OmOなzLgandbaboonmoT7kqn），them毎or丘ndingswerereversibleliver  
Weightincreases，mimimal tranSaminaseincreases，reVerSible hepatoceuular hypertrOphy and  
formationofcholelithsinthegal1bladderlumen．Thesecholelithswereseenatnecropsyinthe13－  
Weekstudyinbothmaleandfemalemonkeysinmorethanhalfofthemid－doseandinal1monkeysin  
thehigh－dose，andinthe52－Weektoxicitystudyin20utOf7monkeysattermination・hthe13－Week  
Study，thesecrystalswereevenseeninonehighdose免maleafter4weeksofrecovery．Nocholeliths  
Werefoundir）thel－mOnthexploratorystudyinbaboons．AnalysisbyHPLCwithUVdiodearray  
detection，LC－MSandlH⊥NMRspectroscopy，reVealedthatthecholelithsconsistedofMetaboliteIV，  
theinsoluble3－hydroxy－6一点uoro－2－S－CySteinylcoqugateofru丘namide．MetaboliteIVisformedby  
fluoride substitution byglutathioneand subsequent glutathione degradation viathe mercapturic  
Pathway．Inthe52－Weektoxicitystudy，metaboliteⅣwaspresentinurineandbilea氏er26weeksof  
exposuretorufinanide，andatal1doselevels，butabsenta丘er4weeksrecovery．Metal）01itelVhas  
alsobeendetectedinratandindogbile．Asexplainedabove，aSmetal）01iteIVisnotfoundinhumanS  
these負ndingsareCOnSiderednottorepresentariskforhumanS．  
htheCynomolgusmonkeys，theNOAELwassetto20mg此g，andinthebal）00n，theNOAELwas  
SettO30mg此ginthelmonthstudy．Theseexposurescorrespondstoapproximatelyhalfthehuman  

eXpOSure・   

● Genoto裏c卸  
RufinamidehasbeenstudiedwithrespecttogenemutationsinbacteriaandmammalianCellsand  
Chromosomalaberrationsin vitroandin vivo．Additionaltests ofnucleusanOmality and sister  
Chromatidexchangehavebeenconductedinvivoin Chinesehamsters．Ina11threeinvivotests，a  
maximumdoseof5000mgnq；byoralgavagewasused，andtheanimalsareconsideredadequately  
exposed．NogenotQ如CPOtentialwasevidentatconcentrationsuptothelimitoftoxicityorwhere  
signs oftoxiciky were observed. 

・ Carchoge山ciサ  
104－WeekdietarycarcinogenicitystudieshavebeenperformedIthemouseandrat．  
hzmice，ru負namidewasadministeredinthedietatdosesofO，40，120，Or400mgkg．Bodyweight  

gainreductionswere－17％inmalesand－18％inftmalesat400mg珠g．At200and600mgA（g，e飴cts  
Ofru丘namidetreatmentwereseenintheliver，boneandurinarysystem．  

Inthebone，hyperostosiswasrecorded，蜘hichisknowntoresultfromchronic，increasedfluoride  
exposure．Treatment－relatedmyelo伽rosiswasseen衰midandhighdoseinbothfemalesandmales，  

eventhoughnodose－reSPOnseWaSSeenfortheftmales・Thenumberofmicea飴ctedwasO，1，4，10  
and3，4，10，6atO，40，120and400mgn（g，formalesandfemales，reSpeCtively．  

Inthebone，OSteOmaLSWereSeen．OsteomasarebenignandslowlygrowlngneOplasmsandmostof  
themoriginate舟omtheosteoblasticlayeroftheperiosteum・SpontaneousOSteOmaSaPPearatlow  
打equencyln mOSt Strains ofmice，but these tumOurS Canalso beinduced by mouse－SPeC摘c  
POlyomaviruSandretroviruS・Theyareusuallylocatedtoskullandlargerbonesofthelimbs・Inthe  
CanCerStudyinmouse，0，2，3and9micewithosteomaswithperiostealoriginwereseenatO，40，120  
and400mg几g，reSPeCtively・Multipleosteomaswereobservedin7／140SteOma－bearingmiceandthe  

mostcommonlocatlOnSOftheosteomaきWereSkullandpelvis，Thus，theosteomasdisplayedtypical  
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Characteristic岳OfviruS－inducedosteomas．Additionalelectronmicroscopicanalyses（includedinthe  

CanCerStudy，butnotconductedaccordingtoGLP）wereperformedonbonespecimens丘omthe  
mousecanCerStudy・OutofllexaminedsamPles，5didshowoccasionalparticlesofappropriatesize，  
butnoevidenceofbuddingorviralsubstruCture・TheremainingsamPlesdidshowintracytoplasmic  
Particles withc－typeretrOViralmorpho）ogy，Size and buddingin associationwithosteoblasts，  
OSteOCyteSandendothelialcells・ThelowincidenceofosteomasincontroIsofcontemporarystudies，  
andnoosteomasinthecontroIsoftherufinamidecanCerStudymakesitlikelythattheosteomasseen  
havemixedmechanisticalorigin，Whereboththepresenceofmouse－SpeC漬cretroviruSeSandhigh  
1evelsoffhoridecon扇butetothedevelopmentofosteomas．Neitherofthesecomibutorsarerelevant  
tohumanriskassessment，COnSideringthatnofluoridesubstitutiontakesplaceinthehumanmetabolic  
Pathwayforru負namide（See above）．Inthe toxicokinetic study，the AUCis estimated to be  
2400pmol●br几釦400mが唱．   

ThechangeSintheunnarysystemconsistedofminlmalhydronephrosis，focalfibrosisinthekidney，  
dilationoftheuretersandbladdera飴ctedmainlymalesinthehighdose，1ikelyduetohighage．   

Intheliver，thesamee飴ctsasinthepivota）repeated－dosetoxicitystudieswereseen；increasesin  
AST仏LTandALP，1iverhypertrophyandpigmentaccumula（ioninthemacrophages（Seeabove）．  
lnaddition，treatment－relatedincreasesintheincidencesofhepatocellularadenomasandcarcinomas  
WereObservedinbothsexesat400mg此g・Themouseliveriskn0wntObesensitivetotumOurigenisis  
舟om？gentSCaus1ngmicrosomalenzymeinduction，however，ru重namidewasonlyaweakinducerof  
drug－metabolisingenzymeSinmalemice．ComparisonwithhistodcalcontroIsforthisstrainshows  
thattheincidenceoflivertumOuriswithintherapgeofthebiologicalvarid）ilityoftheCD－1stminof  
mice・NoliverneoplasmswereseenintheratcaⅣinogenicitystudy・Thereforethis負ndingisnot  
COnSideredtobeaconcernforhumanS．   

b2raLs，n瓜namidewasadministeredinthedietatdosesofO，20，60，Or200mgkg．Poか血ainboth  
SeXeSatthehighdose，andreducedbodyweightandfoodconsumptionwereobservedatal1dose  
levels，withreductionsinbodyweightgainof－30％infbmalesand－13％inmalesatthehighdoseat  
terminadon・Plasmaconcentrationsofru負nanideweredetectedin60utOf89controIsamples，at  
approximaIely4timesLoQ（0・05pghTll）・T鮎sisnotconsideredtoinvalidatethestudy．   

Intheliverat60and200mgn’g，Centrilobul訂hepatoce11ularhypertrOPhyandmegalocytosiswas  
Seen・ItisagreedthatcentrilobulaThepatocellularhypertrOPhyisrelatedtoe呵maticinductionseen  
inrats・Megalocytosismightalso bc correlatedwith hepatocellularhypertrOPhy．However，  

megalocytosisoccurredprimari1yinthefemaleswith9／60ratsa飴ctedinthehighdose，While14／60  
ratshadcentrilobularhypertrophy・Inthemalesnocasesofmegalocytosiswasseeninanydosegroup，  

but16／60and36佃Oratswerediagnosedwithcentrilobularhypertrophyinthemidandhighdose，  
respectively・Inaddidon，aCCumulationofpigmentedhepaticmacrophagesand叩OPtOSis，SeenOnlyin  
highdose fbmaleswith4／60rats a飴cted，Were Observed．Asmention eaLrlier（see repeat－dose  
toxicity），althoughthemechanismofliverfindingsisnotfu11yunderstood，nOSigni重cantSignalsof  
hepatoxicityhavebeenidenti負edintheclinicaltrials．   

Inthekidney，Pelvicepithelialhyperplasiaandpe1vicmineralizationwasobservedinbothsexesat60  
and200mgn’g・Toxicitytothekidney（tubulardilationintherenalmedullaandmineralization）at60  
mg耽gwasseenin坤edose－range窮ndingstudyinjuvenilerats（dosed叩tOday35postpartum），弧d  

intherepeaIed－dosetoxicitystudy92－100・AskidneylesionsWerenOtfoundinlongerrepeat－dose  

toxicitystudiesandasthesefindingscouldbeattributedinthecarcinogenicitystudytospontaneous  
lesionsinagedrats（Chronicprogressivenephropathy），itwasconcludedthattheywerenotconsidered  
Oftoxicologicalsigl摘canCe，  
IL”ddition，decreasedboneFlarrOWCellularityinmalesat60and200mg此g，thymicatrophyin  

femalesatalldosesandovananstromalhyperplasiaat60and200mg／kgwasseen．OvarianStrOmal  
hyperplasiaislikelyrelatedtooldage・Sincenoe飴ctwasseenontheovaryinothertoxicitystudies，  

thisisnotconsideredtobeaconcem．  
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