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NEUROMELANIN-SENSITIVEMillANDMETHODSOFUSETBILREOF 

CROSSREFERENCETORELATEDAPPLICATIONS 

100011 ThisapplicationclaimsprioritytoandthebenefitofU.S.ProvisionalApplication 

Nos.63/114,304,filedonNovember16,2020,63/120,105,filedonDecember1,2020,and 

63/277,490,filedonNovember9,2021, thecontentsofeachofwhichareincorporatedby 

referencehereinintheirentireties.  

FIELDOFTHEDISCLOSURE 

100021 Thepresentdisclosurerelatesgenerallytomagneticresonanceimaging("MM"), 

andmorespecificallytoexemplaryembodimentsofanexemplarysystemmethodand 

computer-accessiblemediumforaneuromelanin-sensitiveMMtechniqueasanon-invasive 

measureofneurologicalconditions.  

BACKGROUND 

100031 Alzheimersdisease(AD)isoneofthecommonformsofneurodegenerative 

diseasesresultingindementiaalsoknownasseniledementiaoftheAlzheimertypeand 

primarydegenerativedementiaoftheAlzheimerstypeAlzheimerdisease(AD).Thedementia 

isahugepublichealthconcernwithanewcasediagnosedsomewhereintheworldevery7 

seconds.ItdescribedbyGermanpsychiatristandneuropathologistAloisAlzheimerin1906 

eventuallyleadstodeathwithin7years.Lessthanthreepercentofindividualslivemorethan 

fourteenyearsafterdiagnosis.PeoplediagnosedashavingADareusuallyover65yearsofage 

diagnosedbystandardverbalandvisualmemorytestsdecision-makingandproblem-solving 

tasks.In2006,therewere26.6millionsufferersworldwideand5millionofthemintheUSA.  

Alzheimer'sdiseasepredictedtoaffect1in85peoplegloballyby2050.Earlysymptomsoften 

erroneouslythoughttobe'age-related'concernsormanifestationsofstress.WhenAD 

suspectedthediagnosisusuallyconfirmedwithteststhatevaluatebehaviormemory, 

cognitionandthinkingabilitiesfollowedbybrainscanstudies.  

100041 Theneurodegenerativediseasesdividedintotwoall-encompassingwidecategories 

ofbrainafflictions.Thediseasesareimpreciselydividedintotwogroups:1. Conditions 

affectingmemorythatareordinarilyrelatedtodementiasuchasAlzheimer'sdiseaseand2.  

1 

andnamedafterhim.Thereisnocureforthediseasewhichworsensasitprogressesand
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ConditionscausingproblemswithmovementssuchasParkinson 9 s.Themostwidelyknown 

neurodegenerativediseasesincludeAlzheimer(orAlzheimer's)diseasealongwithitsprecursor 

mildcognitiveimpairment(MCI),Parkinsonsdisease(includingParkinsonsdisease 

dementia),andmultiplesclerosisandahostofothers.Lesswell-knownneurodegenerative 

diseasesincludedozensofnamesinacomprehensivelistingfoundatthewebsiteofthe 

NationalInstituteofNeurologicalDisordersandStroke(NINDS)oftheNationalInstitutesof 

Health(NIH)oftheUnitedStates.Itisunderstoodthatsuchdiseasesoftengobymorethan 

onenameandthatanosologymayoversimplifypathologiesthatoccurincombinationorthat 

arenotarchetypicalorstandard.Certainotherdisorderssuchaspostoperativecognitive 

dysfunctiondescribedoniyrecentlyandtheytoomayinvolveneurodegenerationafter 

anesthesia and surgery. Other disorders such as epilepsy may not be primarily 

neurodegenerativebutataparticularpointintheprogressionofthedisorderitmightinvolve 

nervedegeneration.  

100051 Despitethefactthatatleastsomeaspectofthepathologyofeachofthe 

neurodegenerativediseasesmentionedaboveisdifferenttheirpathologiesandsymptomsthat 

theyhaveincommonoftenmakeitpossibletotreatthemwithsimilartherapeuticagentsand 

methods.Hencethemethodsdescribedhereincanbeusedwithselectedmultipletherapeutic 

agentsasdescribedtotreatthemajorityoftheseneurodegenerativediseases.Many 

publicationsdescribefeaturesthatneurodegenerativediseaseshaveincommon(DaleB.  

BredesenRammohanV.RaoandPatrickMehlen.Celldeathinthenervoussystem.Nature 

443(2006):796-SOZChristianHaass.Initiationandpropagationofneurodegeneration.Nature 

andoxidativestressinneurodegenerativediseases.Nature443(2006)787-795).  

100061 TheADdiseasesymptomscanincludeconfusionirritabilityaggressionmood 

swingstroublewithlanguageandlong-termmemoryloss.Thesuffereroftenwithdrawsfrom 

familyandsociety.ADisadegenerativeincurablediseasethatthesuffererreliesonothersfor 

assistanceandcare.Thecaregiverisusuallyoneofthefamilymembersaspouseorclose 

relativesplacingagreatburdenonthemandisoneofthecostliestdiseasestothesocietyand 

family.  

100071 ThecauseandprogressionofAlzheimer'sdiseaseisnotwellunderstood.Research 

showsthatthediseaseisassociatedwithplaquesandtanglesinthebrain.Currenttreatments 

onlyhelpwiththesymptomsofthedisease.Therearenoavailabletreatmentstostoporreverse 

theprogressionofthedisease.Asof2008morethan500clinicaltrialshavebeenconducted 

tofindwaystotreatthediseasebutitisunknownifanyofthetestedtreatmentswillwork.  

2 
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MentalstimulationexerciseNSAJDintakeandabalanceddietsuggestedaspossiblewaysto 

delaysymptomsinhealthyolderindividuals.Howevertheyarenotprovenaseffective 

treatmentsoncethesymptomsdevelop.  

100081 Thecourseofthediseasedividedintofourstageswithprogressivepatternsof 

cognitiveandfunctionalimpairments.1. Pre-dementia2.MildearlyStartofthedisease3, 

Moderateprogressivedeterioratiow4.Severeoradvanced thelaststageinwhichapersonis 

completelydependentandbedridden.  

100091 Alzheimersdiseaseischaracterizedbytheaccumulationofneurofibrillarytangles 

(tau x protein)andneuriticplaques(amyloidfF1)inthebrainaffectingespeciallythe 

degenerationofneuronsintheolfactoiybulbanditsconnectedbrainstructures.Theyare 

entorihinalcortex(BC),thehippocampalformationamygdaloidnucleinucleusbasalisof 

Meynertlocusceruleusandthebrainstemraphenucleiallofwhichprojecttotheolfactoiy 

bulb(FIG.14).Thedegenerativechangesresultinthelossofmemoryandcognitivefunction.  

Thereisamajorlossofcorticalandhippocampalcholineacetyltransferaseactivityand 

degenerationofthebasalforebraincholinergicneurons.LossofsmellinAlzheimersisdueto 

necrosisand/orapoptosisofolfactoryneuronsolfactorybulbsolfactorytractsthepre

pyriformcortexandtheentorihinalcortex.  

100101 EtiologyandNeuro-pathophysiology:ThecauseformostAlzheimerscasesis 

unknown.Theamyloidhypothesispostdatedthatamyloidbeta(43)depositsaretheessential 

causeofthedisease.AlsoAPOE4,themajorgeneticriskfactorforADleadstoexcessamyloid 

buildupinthebrainbeforeADsymptomsarise.ThusAgdepositionprecedesclinicalAD.  

butitdidnothaveanysignificanteffectondementia.Studiesshowedthatacloserelativeof 

thebeta-amyloidproteinandnotnecessarilythebeta-amyloiditselfmaybeamajorculpritin 

thedisease.A2004studyfoundthatdepositionofamyloidplaquesdoesnotcorrelatewith 

neuronallossandmemoryloss.Thisobservationsupportsthetauhypothesis'thetheoryand 

proposalthattauproteinabnormalitiesinitiatethediseasecascade.Eventuallytheyform 

neurofibrillarytanglesinsidenervecellbodiesresultinginthemicrotubules'disintegration 

collapsingtheneuronstransportsystemcausingmalfunctionsinbiochemicalcommunication 

betweenneuronsandlaterinthedeathofthecells.Herpessimplexvirustype1isproposedto 

playacausativeroleinpeoplecarryingthesusceptibleversionsoftheApoBgene.Mother 

hypothesisassertsdemyelinationintheagedleadstoaxonaltransportdisruptionsleadingto 

lossofneurons.Ironreleasedduringmyelinbreakdownanditsvascularcomplexhasbeen 

hypothesizedandimplicatedasacausativefactor.IdobelievethatthedisruptionofBVwith 

3 
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releaseofironfromthehemoglobinaroundthemyelinandneuropilresultingintheiron 

catalyzedhydrogenperoxidecalledFentonsreactionleadstogenerationofreactiveoxygen 

species(ROS)duringthesedemyelizationepisodesthatcanhaveanadverseeffectonthe 

neuronsresultingintheirapoptosisresultinginAlzheimers.  

100111 InterestinglytheADindividualsdisplay700olossoflocuscoeruleuscellsthat 

providenorepinephrine.Locuscoeruleuscellsarelocatedintheponsprojectsandinnervate 

spinalcordthebrainstemcerebellumhypothalamusthethalamicrelaynucleitheamygdala 

thebasaltelencephalonandthecortex.ThenorepinephrinefromtheLChasanexcitatory 

effectonmostofthebrainmediatingarousalandprimingthebrain'sneuronsactivatedby 

stimuli.ThenorepinephrinefromthisnucleusstimulatesmicrogliatosuppressAg-induced 

productionofcytokinesandtheirphagocytosisof43suggestingdegenerationofthelocus 

cenileusmightberesponsibleforincreasedA~depositioninADbrainsinitially.Thisnucleus 

inthepons(partofthebrainstem)isinvolvedwithphysiologicalresponsestostressandpanic 

andistheprincipalsiteforbrainsynthesisofnorepinephrine(noradrenalin)besidestheadrenal 

glands.  

100121 ThereisnoabsolutediagnosisforAlzheimer'sDiseasetodateandthereisgreat 

clinicalneedfordevelopingasensitivenon-invasivediagnostic.Diagnosisandmonitoringof 

Alzheimer'sdiseasepatientsiscriticalforassessingseventyofprogressiontorespondwiththe 

appropriatepreventativecare.DuringtheonsetofAlzheimer'sdiseasetimelyintervention 

couldbelife-saving.AcomprehensiveimagingmodalityforassessingAlzheimersdisease 

remainsasignificantunmetclinicalneed.  

neuromodialatorcontributestocognitionneurodevelopmentagingandneuropsychiatric 

diseaseinhumans.Inmedicinesuchmeasurementscanresultinobjectivebiomarkersthat 

predictclinicaloutcomesincludingAlzheimer'sdiseaseideallybyusingproceduresthat 

capturetheunderlyingpathophysiologywhilebeingeasytoacquireinclinicalsettings.The 

locuscoeruleus(LC),theprimarysiteofnoradrenalineneuronsinthehumanbrainbeginsto 

degenerateduringearlystagesofAlzheimersdisease(AD)andthereisevidencethatitisthe 

firstbrainregiontoaccumulatehyperphosphoiylatedtauproteinsatBraakstage0.Although 

thisstructureisheavilystudiedinthecontextofADmuchremainsunclearregardingthe 

timingofLCchangesandtheircorrelationtocharacteristicaspectsofADpathophysiologyand 

clinicalfeatures.  

100141 Thecentralnoradrenergicsystemplaysakeyroleinarousalandconsolidationof 

emotionalmemory.Thelocuscoeruleus(LC),theprimarysiteofnoradrenergicneuronsinthe 

4 
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brainhasatopographicpatternofprojectionswiththecaudalextentoftheLCsending 

descendingprojectionsmodulatingautonomicsignalling.Dysregulationofthenoradrenergic 

systemhasbeenimplicatedintheoreticalaccountsofPTSDparticularlyinregardtosymptoms 

ofhyperarousalandinmajordepressivedisorder(MDD).Despiteastrongtheoretical 

foundationunderstandingofnoradrenergicdysfunctioninPTSDandMDDisincomplete 

impedingresearchintonoveltreatmentstargetingthissysteminPTSD.Recentworkhas 

pioneeredtheuseofaspecializedneuroimagingtechniqueNeuromelanin-SensitiveMM 

(NM-MM),anon-invasivemethodtoprobethefunctionofthehumannoradrenergicsystem 

invivobyexaminingsignalcontrastintheLC.NM-MRJsignalherehasbeenpositivelyrelated 

toemotionalmemoryperformanceandautonomicfunction(indexedbysalivaryalphaamylase 

orheartratevariability)butithasyettobeinvestigatedinindividualswithPTSD.Ontheother 

handlowLCNM-MMsignalhasbeenobservedinmajordepressivedisorder.We 

hypothesizedthathyperarousalsymptomsofPTSDandMDDwouldbepositivelycorrelated 

toNM-MMsignalinthecaudalLC.  

100151 Neuromelanin("NM")isadarkpigmentsynthesizedviairon-dependentoxidation 

ofcytosolicdopamineandsubsequentrelationwithproteinsandlipidsinmidbraindopamine 

neurons.NMpigmentaccumulatesinsidespecificautophagicorganelleswhichcontainNM

ironcomplexesalongwithlipidsandvariousproteins.NM-containingorganellesaccumulate 

graduallyoverthelifespaninthesomaofdopamineneuronsinthesubstantianigra("SN")a 

nucleusthatowesitsnametoitsdarkappearanceduetothehighconcentrationofNMandare 

onlyclearedfromtissuefollowingcelldeaththroughtheactionofmicroglia.GiventhatNM

knownasNM-MRIcapturesgroupsofneuronswithhighNMcontentsuchasthoseintheSN 

ashyperintenseregions.  

100161 Thus itwouldbebeneficialtoprovideasystemprocessmethodand 

computer-accessiblemediumforneuromelanin-sensitiveMRIwhichcanovercomethe 

deficienciesdescribedabove.Differentneurologicalandpsychiatricdiseaseshavebeen 

associatedwithneuromelaninchangesintwomainregionsthesubstantianigraparscompacta 

(SNc)andthelocuscoeruleus(LC).Differentiatingbetweendifferentdisorderswithsimilar 

clinicalpresentationssolelybasedonpresentingsymptomsisdifficultbecausethesymptoms 

oftenoverlapbetweenrelatedconditions.  

100171 TherearecurrentlynoFDAclearedsoftwareasmedicaldevicesforthe 

measurementofNMintheSNorLC.  

5 
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100181 Theunmetmedicalneedaddressedhereistheabilitytodifferentiatebetween 

relateddisorderssuchasParkinson'sdiseasemultiplesystematrophyandprogressive 

supranuclearpalsyaswellasdifferentdementiassuchasAlzheimersdiseaseanddementia 

withLewybodies.Theincreaseinabilitytodifferentiatebetweenrelateddisorderswilldrive 

improvedpatientoutcomes.  

SUMMARY 

100191 Providedhereinareinterciliamethodsfordeterminingthepresenceof 

Alzheimer'sdiseaseinasubjectanddeterminingthechangeintheconcentrationof 

neuromelanininthesubjectwithtime.Theconcentrationofneuromelaninmaychangeasthe 

resultoftheregularcourseofAlzheimer'sdiseaseorasaresultoftherapeuticintervention.In 

afirstaspectthereisprovidedamethodofdeterminingwhetherachangeintheconcentration 

ofneuromelaninoccursovertimeinthebrainofasubject.Inapreferredembodimentthe 

subjectisanAlzheimer'sdiseasepatient.Themethodincludesobtainingafirstneuromelanin 

magneticresonanceimageofthesubjectatafirsttimepoint. Subsequentlyasecond 

neuromelaninmagneticresonanceimageisobtainedatasecondtimepoint.Thefirstmagnetic 

resonanceimageiscomparedtothesecondmagneticresonanceimagetherebydetermining 

whetherachangeintheconcentrationofneuromelaninoccurredbetweenthefirsttimepoint 

andthesecondtimepoint.  

100201 Thepresentdisclosuredescribesthecombineduseoftwofullyautomated 

algorithmstomeasureneuromelanin(NM)concentrationsandvolumesintwodifferentbrain 

Thevoxel-basedanalysisalgorithm(previouslydescribedinWO2020/077098andWO 

2021/034770,theentirecontentsofeachofwhichareincorporatedhereinbyreference)isused 

tomeasureNMintheSNc.HoweversincetheLCismuchsmallerandmaynotbeaswell 

suitedtovoxel-basedanalysisona3TMM(themostcommonlyavailablescannersinthe 

clinic)anewalgorithmwasinventedatUniversityofOttawatomeasureNMintheLC.This 

LCalgorithmistermedthesegmentedbasedanalysisalgorithm.Thisdisclosuredescribesthe 

combinationofthetwoalgorithmstogetherinasoftwarepackagethatcanbeusedtoaidinthe 

diagnosisanddifferentiationofneuropsychiatricdisorderstataredifficulttodifferentiate 

betweenbasedonsymptomsalone.  

100211 Inthepresentdisclosurethesoftwareusestwoalgorithms.Thevoxel-based 

analysisalgorithmisusedtomeasureNMintheSNcandthesegmentedbasedanalysis 

algorithmisusedtomeasureNMchangesintheLC.ThesoftwarereportstheNMlevelsand 

6 
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volumesinbothbrainregionstothephysician.Thecombinationofthesetwoalgorithms 

togetherincreasestheabilitytodifferentiatebetweenrelatedneurologicalconditions.Their 

inclusioninafullyautomatedsoftwareallowsthepotentialfortheirwidespreaduseinthe 

clinic.  

100221 Inoneembodimentthepresentdisclosureisdirectedtoamethodofdiagnosing, 

Alzheimer'sdiseaseinasubjectcomprising: 
9 

(i) performingaNeuromelanin-MagneticResonanceImaging(NM-Mm)scan 
measuringalevelofneuromelanin 

(ii) comparingthelevelofneuromelanintopreviousscansand/orreferencevalues 

and 

(iii) providingadiagnosisofAlzheimer'sdisease.  

100231 Inoneembodimentthepresentdisclosureisdirectedtoamethodofmonitoring 

progressionofAlzheimersdiseaseinasubjectcomprising: 
9 

(i) performingaNeuromelanin-MagneticResonanceImaging(NM-Mm)scan 
measuringalevelofneuromelanin 

(ii) comparingthelevelofneuromelanintopreviousscansand/orreferencevalues 

and 

(iii) determiningtheprogressionofAlzheimersdisease.  

100241 Inoneembodimentthepresentdisclosureisdirectedtoamethodofprovidinga 

prognosisofAlzheimer'sdiseaseinasubjectcomprising: 
9 

(i) performingaNeuromelanin-MagneticResonanceImaging(NM-Mm)scan 

(ii) comparingthelevelofneuromelanintopreviousscansand/orreferencevalues 

and 

(iii) optionallyprovidingaprognosisofAlzheimersdisease.  

100251 Inoneembodimentthepresentdisclosureisdirectedtoamethodofmonitoring 

treatmentofAlzheimer'sdiseaseinasubjectcomprising: 
9 

(i) performingaNeuromelanin-MagneticResonanceImaging(NM-Mm)scan 
measuringalevelofneuromelanin 

(ii) comparingthelevelofneuromelanintopreviousscansand/orreferencevalues 

and 

(iii) assessingtheeffectoftreatmentofAlzheimer'sdisease.  
9 

100261 Inoneembodimentthepresentdisclosureisdirectedtodeterminingafirstsignal 
9 

intensityfromafirstneuromelaninmagneticresonanceimageanddeterminingasecondsignal 

7 

measuringalevelofneuromelanin
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intensityfromasecondneuromelaninmagneticresonanceimageandcomparingthefirst 

magneticresonanceimagetosaidsecondmagneticresonanceimagecomprisescomparingthe 

firstsignalintensitytothesecondsignalintensity.  

100271 Inoneembodimentthecontrolisalevelofneuromelaninpresentatapproximately 

thesamelevelsinapopulationofsubjectsorsaidstandardcontrolisapproximatelythe 

averagelevelofneuromelaninpresentinapopulationofsubjects.  

100281 Inoneembodimentaneuromelaningradientphantomisusedtomeasurethelevel, 

signaland/orconcentrationofneuromelanin.  

100291 Inoneembodimentaneuromelaninphantomconcentrationgradientisscanned 

aboutonceperpatientaboutonceanhouraboutonceadayaboutonceaweekoraboutonce 

month.  

100301 Inoneembodimenttheneuromelaninphantomgradientisscanneddaily.  

100311 Inoneembodimenttheneuromelaninphantomgradientisscannedwitheach 

patient.  

100321 Inoneembodimentthepresentdisclosureisdirectedtoamethodofassessingthe 

neuromelanininasubjectcomprising: 

performinganNeuromelanin-MagneticResonanceImaging(NM-Mm)scanonthe 

subject 

acquiringaneuromelanindatasetfromtheNM-Mmscan 

optionallyencryptingtheneuromelanindataset 

uploadingtheneuromelanindatasettoaremoteserver 

performingananalysisoftheneuromelanindatasetwhereintheanalysiscomprisesoneor 

moreof 

(i) comparingtheneuromelanindatasetwithoneormorepreviously 

acquiredneuromelanindatasetsfromthesaidsubject 

(ii) comparingtheneuromelanindatasetwithacontroldataset 

(iii) comparingtheneuromelanindatasetwithoneormorepreviously 

acquiredneuromelanindatasetsfromdifferentsubjects~'I 

generatingareportcomprisingtheneuromelaninanalysiw 

optionallyencryptingthereport 

uploadingthereporttoremoteserver' 

optionallydecryptingthereport.  

8 

optionallydecryptingthedataset
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100331 Inoneembodimentthedisclosureisdirectedtoaninvivomethodofdetermining 

theprogressionofAlzheimersdiseaseovertimeinasubjectsaidmethodcomprising: 

(i) obtainingafirstneuromelaninmagneticresonanceimageatafirsttimepoint; 

(ii) afterstep(i)comparingthefirstneuromelaninmagneticresonanceimagetoan 

agematchedcontroL 

(iii)determiningthelevelsignaland/orconcentrationofneuromelaninoccurred 

betweensaidfirsttimepointandsaidsecondtimepoint.  

100341 Inoneembodimentthedisclosureisdirectedtoaninvivomethodofdiagnosing 

Alzheimer'sdiseasesaidmethodcomprising: 

(i) obtainingafirstneuromelaninmagneticresonanceimageatafirsttimepoint; 

(ii) afterstep(i),obtainingasecondneuromelaninmagneticresonanceimageata 

secondtimepoint; 

(iii) comparingthefirstneuromelaninmagneticresonanceimagetosaidsecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinoneormore 

ofthelevelsignalorconcentrationofneuromelaninoccurredbetweensaidfirsttimepointand 

saidsecondtimepoint.  

100351 Inoneembodimentthedisclosureisdirectedtoamethodofprovidingatreatment 

regimentoapatientcomprisingperformingtheNM-MRIscanacquiringNMsignalfromthe 

NM-MRIscaninaregionofinterestcomparingtheNMsignalfromtheNM-Mmscanina 

regionofinterestdatatoagematcheddatabasenumbersiftheNMsignalislessthanapre

determinedvalueadministeringacorrespondingtreatmentregimen.  

100371 Inoneembodimentthepatientsuffersfromadisordercommonlymisdiagnosedas 

Alzheimer'sdisease.  

100381 InoneembodimenttheNM-MRIscanandanalysisdistinguishesbetween 

Alzheimer'sdiseaseandParkinsonsdisease.InoneembodimenttheNM-Mmscanand 

analysisdistinguishesbetweenandcanseparatelyidentifyrelateddisorders(e.g.dementiawith 

LewyBodies).InoneembodimenttheNM-Mmscanandanalysiscanmonitortheprogression 

ofmonitorthetreatmentofandprovideaprognosisfordisordersrelatedtoAlzheimer's 

disease.  

100391 Inoneembodimentthepresentdisclosureisdirectedtoamethodofdeterminingif 

asubjecthasorisatriskofdevelopingAlzheimersdiseasethemethodcomprisinganalyzing 

oneormoreNeuromelanin-MagneticResonanceImaging(NM-MRI)scansofthesubject's 

brainregionofinterestwhereintheanalyzingcomprises: 

9 

100361 InoneembodimentthesubjectdisplayssymptomsofAlzheimer'sdisease.
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receivingimaginginformationofthebrainregionofinterestand 

determiningaNMconcentrationinthebrainregionofinterestusingsegmented 
9 analysisbasedontheimaginginformation 

whereinthedeterminingifasubjecthasorisatriskofdevelopingAlzheimer5sdisease 

composes: 

(1)iftheoneormoreNM-MRIscanshasadecreasedNMsignalcomparedtoaoneor 

morecontrolscanswithoutAlzheimerSsdiseasethenthesubjecthasorisatriskofdeveloping 

Alzheimer'sdiseaseor 

(2)iftheoneormoreNM-MRIscanshasaNMsignalcomparabletothesignalofa 

oneormorecontrolscanswithoutAlzheimer'sdiseasethenthesubjectdoesnothaveorisnot 

atriskofdevelopingAlzheimerSsdisease.  

100401 Inoneembodimentthepresentdisclosureisdirectedtoamethodoftreatinga 

subjectwithAlzheimer'sdiseasethemethodcomprisinganalyzingNeuromelanin-Magnetic 
brain S 

ResonanceImaging(NM-MRI)scansofthesubject's 9 regionoineres wereinte 
analyzingcomprises: 

receivingimaginginformationofthebrainregionofinterestatafirsttimepOint'S 

receivingimaginginformationofthebrainregionofinterestatasecondtimepoint'S 

determiningaNMconcentrationatthefirstandsecondtimepointsinthebrainregion 

information'and 
ofinterestusingsegmentedanalysisbasedontheimaging S 

companngtheNMconcentrationatthefirsttimepointtothesecondtimepoint, 

whereinthetreatmentmethodfurthercomprises: 

secondtimepointhasadecreasedNMsignalcomparedtotheNMsignalatthefirsttime S 

or 

(2)withholdadministeringoneormoreoflevodopaandcarbidopaiftheNM-Mmscan 

atthesecondtimepointhasanincreasedNMsignalcomparedtotheNMsignalatthefirst 

timepoint.  

100411 In one embodiment the subject exhibits one or more symptom of 

Alzheimer'sdisease.  
S 

100421 InoneembodimentthemethodprovidesadiagnosisofAlzheimersdiseasebefore 
symptomspresentclinically.  

100431 InoneembodimenttheNM-MmmethoddistinguishesbetweenAlzheimer's 

diseaseandParkinsonSsdisease.  

10 

(1)administeringoneormoreoflevodopaandcarbidopaiftheNM-Mmscanatthe
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100441 InoneembodimenttheNM-Mmmethoddiagnosesthepatientashaving 

Alzheimer'sdiseaseorasnothavingAlzheimer'sdiseaseandindicatesthediagnosistoauser 

viaauserinterface.  

100451 Inoneembodimenttheanalysisisasegmentedanalysis.  

100461 Inoneembodimentthesegmentedanalysiscomprisesdeterminingatleastone 

topographicalpatternwithinthebrainregionofinterest.  

100471 Inoneembodimentthemethodfurthercomprisesacalculationusingavaluethat 

representsavolumeofaneuromelaninvoxelorsegment.  

100481 Inoneembodimentthesegmentedregionofinterestisthelocuscoeruleus.  

100491 Inoneembodimentthedisclosureisdirectedtoadiagnosticsystemfor 

providingdiagnosticinformationforAlzheimer'sdiseasethediagnosticsystemcomprising: 

anMRIsystemconfiguredtogenerateandacquireaneuromelaninsensitiveMRIscan 

alongwithaneuromelanindataseriesforavoxelorsegmentlocatedwithinaregionofinterest 

inasubjectsbraiw 

asignalprocessorconfiguredtoprocesstheseriesofneuromelanindatatoproducea 

processedneuromelaninMMspectruniand 

adiagnosticprocessorconfiguredtoprocesstheprocessedneuromelaninMRI 

spectrumto: 

extractameasurementfromtheregionofinterestcorrespondingwithneuromelaninat 

atimepoint, 

comparethemeasurementtooneormorecontrolmeasurementsacquiredpriortothe 

provideadiagnosisofAlzheimersdiseaseifthemeasurementismorethanabout2500 

lessthanthecontrolmeasurement.  

100501 Inoneaspectthepresentdisclosureisdirectedtoamethodfordeterminingwhether 

braintissueinasubjectcontainsanabnormallevelofneuromelanin.Themethodincludes 

detectingalevelneuromelanininthetissue. Thelevelofneuromelaniniscomparedtoa 

standardcontrol.Ifalowerlevelofneuromelaninisdetectedrelativetothestandardcontrol, 

thisindicatesAlzheimersdisease.  

100511 Inoneembodimentthereisprovidedamethodfordeterminingwhethera 

Alzheimer'sdiseasetherapyadministeredtoasubjectiseffective.Themethodincludesastep 

ofdetectingalevelofendogenousneuromelanininthetissueatafirsttimepoint. Ina 

subsequentstepatherapyisadministeredtothesubject.Alevelofneuromelanininthetissue 

isthendeterminedatasecondtimepoint.Thereafterthelevelofneuromelaninatthefirst 

11 

timepoint;
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timepointiscomparedtothelevelofneuromelaninatthesecondtimepoint.Ahigherlevel 

oraconstantlevelofneuromelaninatthesecondtimepointrelativetothefirsttimepoint 

indicatesthatthetherapywaseffective.Alternativelyalowerlevelneuromelaninatthesecond 

timepointrelativetothefirsttimepointindicatesthatthetherapyadministeredtothesubject 

wasineffective.  

100521 Inoneembodimentthereisprovidedamethodfortreatingapatientwith 

Alzheimer'sdisease.Inoneembodimentthemethodcomprisesadministeringtoapatientan 

initialamountofanAlzheimersdiseasetreatment.Inoneembodimentthemethodcompnses 

monitoringtheneuromelaninconcentrationinaregionofinterestinthepatient'sbrainand 

assessingtreatment-relatedadverseeventsoveraninitialtreatmentperiod.Inoneembodiment, 

ifdunngtheinitialtreatmentperiodthepatientexhibitsoneormoreof 

i) decreasedneuromelaninconcentrationintheregionofinterestinthepatient's 

brainand 

ii) notreatmentassociatedadverseorsideeffects; 

thenincreasingthedoseoftheAlzheimersdiseasetreatmentinasubsequenttreatment 

periocV 

whereinthetreatmentresultsinanimprovementinAlzheimer'sdiseasesymptomsin 

thepatient.  

100531 Inoneembodimentthetreatmentmethodincludesthefollowingstep: 

repeatingstepsa)-c)untilthepatientfailstoexhibitoneormoreofi)-ii)instepc).  

[0054J Inoneaspectthepresentdisclosureisdirectedtoamethodofdiagnosing, 

disorderinasubjectsaidmethodcomprising: 

(i) obtainingafirstNeuromelaninMagneticResonanceImaging(NM
C 

MIII)scanatafirsttimepoint; 

(ii) afterstep(i),obtainingasecondNM-MMscanatasecondtime 
C 

point; 

(iii) performingasegmented-basedalgorithmanalysistodeterminethe 

levelconcentrationand/orvolumeofneuromelanin(NM)inthelocuscoeruleus(LC), 

(iv) performingavoxel-basedalgorithmanalysistodeterminethelevel, 

concentrationand/orvolumeofneuromelanininthesubstantianigraparscompacta 

(SNc); 

12 

determiningtheprogressionovertimeoforprovidingaprognosisofaneurological
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(v) comparingthefirstneuromelaninmagneticresonanceimagetothe 
secondneuromelanin C 

magneticresonanceimagetherebydeterminingwhethera 

changeinthelevelsignaland/orconcentrationofneuromelaninoccurredbetween 

saidfirsttimepointandsaidsecondtimepointinboththeSNcwiththevoxel

basedalgorithmandtheLCwiththesegmentedbasedalgorithm.  
*1 

(vi)providingadiagnosisprogressionovertime orprognosisofthe 

neurologicaldisorderbasedonthedifferenceinthelevelofNMintheSNcbetween 

thefirstandsecondscansandthedifferenceinthelevelofNMintheLCbetween 

thefirstandsecondscans.  

100551 Inoneaspectthepresentdisclosureisdirectedtoaninvivomethodofselectinga 

treatmentregimenforthepreventionortreatmentofaneurologicaldisorderinasubject, 

saidmethodcomprising: 

(i) obtainingafirstNeuromelaninMagneticResonanceImaging(NM-MM) 

scanatafirsttimepoint 

(ii) afterstep(i),obtainingasecondNM-MMscanatasecondtimepoint 

(iii) performingasegmented-basedalgorithmanalysisanddeterminingthelevel, 

concentrationand/orvolumeofneuromelanin(NM)inthelocuscoeruleus(LC); 

(iv) performingavoxel-basedalgorithmanalysisanddeterminingthelevel, 

concentrationand/orvolumeofneuromelanininthesubstantianigraparscompacta(SNc); 

(v) comparingthefirstneuromelaninmagneticresonanceimagetothesecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 

andsaidsecondtimepointinboththeSNcwiththevoxel-basedalgorithmandtheLC 

withthesegmentedbasedalgorithm 

(vi) providingadiagnosisprogressionovertimeorprognosisofthe 

neurologicaldisorderbasedonthedifferenceinthelevelofNMintheSNcbetweenthe 

firstandsecondscansandthedifferenceinthelevelofNMintheLCbetweenthefirst 

andsecondscans.  

(vi) administeringthetreatmentregimencorrespondingwiththedetermined 

neurologicaldisorder.  

100561 Inoneaspectthepresentdisclosureisdirectedtoamethodfordistinguishing 

betweenmotordiseaseswithsimilarlypresentingsymptomscomprising: 

(i) performinganexaminationtodetermineaUnifiedParkinsonsDiseaseRating 

Scalescore, 

13 

levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttimepoint
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(ii) obtainingafirstNeuromelanin-MagneticResonanceImaging(NM-MM) 
scanatafirsttime 'I 

point 

(iii) aftersteps(i)and(ii),obtainingasecondNM-MMscanatasecondtime 
C 

point; 

(iv) performingavoxel-basedanalysisanddeterminingtheconcentrationand/or 

volumeofNMintheSNc, 

(v) performingasegmentedbasedanalysisanddeterminingtheconcentration 

and/orvolumeofNMintheLC, 

(vi) comparingthefirstneuromelaninmagneticresonanceimagetothesecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 

levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttimepoint 

andsaidsecondtimepointinboththeSNcandLC 

(vi)providingadiagnosisprogressionovertimeorprognosisoftheneurological 

disorderbasedonthedifferenceinthelevelofNMCintheSNcbetweenthefirstand 

secondscansandthedifferenceinthelevelofNMintheLCbetweenthefirstand 

secondscans.  

[0057J Inoneaspectthepresentdisclosureisdirectedtoamethodofdiagnosingapatient 

withaneurologicaldisordersaidmethodcomprising: 

(i) measuringaconcentrationand/orvolumeofneuromelaninintheSNcusinga 

voxel-basedanalysismethodandmeasuringaconcentrationand/orvolumeofneuromelanin 

intheLCusingasegmentedbasedanalysismethod; 

neuromelaninintheSNcandcomparingthelevelofneuromelaninintheLCtoastandard 

controllevelofneuromelaninintheLC, 

(iii) providingadiagnosisoftheneurologicalconditionifthemagnitudeorratioof 

SNcandLCneuromelaninislowerorhigherforeachoftheirrespectiveregionsrelativeto 

thestandardcontrol.  

[0058J Inoneaspectthepresentdisclosureisdirectedtoamethodofdiagnosingapatient 

withaneurologicaldisordersaidmethodcomprising: 

(i) measuringaconcentrationand/orvolumeofneuromelaninintheSNcusinga 

voxel-basedanalysismethodandmeasuringaconcentrationand/orvolumeofneuromelanin 

intheLCusingasegmentedbasedanalysismethod; 

14 

(ii) comparingthelevelofneuromelaninintheSNctoastandardcontrollevelof
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(ii) comparingthelevelofneuromelaninintheSNetoastandardcontrollevelof 

neuromelaninintheSNcandcomparingthelevelofneuromelaninintheLCtoastandard 

controllevelofneuromelaninintheLC, 

(iii) providingadiagnosisoftheneurologicalconditionifthemagnitudeorratioof 

SNcandLCneuromelaninislowerorhigherforeachoftheirrespectiveregionsrelativeto 

thestandardcontrolaccordingto 0 

pre-determinedvalues.  
100591 Inoneembodimentthemethodsdescribedhereinareusedwithasecondimaging 

methodwhereinthesecondimagingmethodisselectedfromthegroupconsistingofpositron 

emissiontomography(PET),tau-PETstructuralMRIcomprisesfunctionalMM(fMRI), 

bloodoxygenleveldependent(BOLD)IIMRJironsensitiveMMquantitativesusceptibility 

mapping(QSM),diffusiontensorimagingDTJandsinglephotonemissioncomputed 

tomography(SPECT),DaTscanandDaTquant.  

100601 Inoneembodimentthemethodsdescribedhereinareusedwithasecondimaging 
9 methodwhereinthesecondimagingmethodisPositronEmissionTomography(PET).  

100611 Inoneembodimentthemethodsdescribedhereinareusedwithasecondimaging 

methodwhereinthesecondimagingmethodisstructuralMM.  

100621 Inoneembodimentthemethodsdescribedhereinareusedwithasecondimaging 

methodwhereinthesecondimagingmethodisfunctionalMM(fMRI).  

100631 Inoneembodimentthemethodsdescribedhereinareusedwithasecondimaging 

methodwhereinthesecondimagingmethodisbloodoxygenleveldependent(BOLD)fMRI.  

100641 Inoneembodimentthemethodsdescribedhereinfocusesontheneuromelanin 

voxelsintheSNc.  

100651 Inoneembodimentthemethodsdescribedhereinfocusesontheneuromelanin 

levelconcentrationvolumeorpatternwithinsymptom-specificand/ordisease-specific 

segmentsintheLC.  

100661 Inoneembodimentthemethodsdescribedhereinfocusesontheneuromelanin 
C 

levelconcentrationvolumeorpatternwithinsymptom-specificvoxelsand/ordisease

specificintheSNcandtheneuromelaninlevelconcentrationvolumeorpatternwithin 

symptom-specificand/ordisease-specificsegmentsintheLC.  

100671 Inoneembodimentthemethodsdescribedhereinfocusesontheneuromelanin 

levelconcentrationvolumeorpatternwithintheSNcandtheneuromelaninlevel, 

concentration volume orpaftemwithinsymptom-specificand/ordisease-specific 

segmentsintheLC.  

15 
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100681 Inoneembodimentthemethodsdescribedhereinfocusesontheneuromelanin 

levelconcentrationvolumeorpatternwithinsymptomspecificand/ordisease-specific 

voxelsintheSNcandtheneuromelaninlevelconcentrationvolumeorpatternwithinthe 

LC.  

100691 Inoneembodimentthemethodsdiscussedhereinaredirectedtooneormore 

neurologicalcondition.  

100701 Inoneembodimentthemethodsdiscussedhereinaredirectedtooneormore 

neurologicalconditionwhereintheneurologicalconditionisselectedfromschizophrenia 

cocaineusedisorderParkinson4, sdiseaseAlzheimer4, sdiseasewithoutneuropsychiatric 

symptomsneuropsychiatricsymptomsofAlzheimer'sdiseasemajordepressivedisorder, 

and/orpost-traumaticstressdisorder.  

BRIEFDESCRIPTIONOFTHEFIGURES 

100711 Theaccompanyingdrawingswhichareincludedtoprovideafurtherunderstanding 

ofthepresentdisclosureareincorporatedinandconstituteapartofthisspecificationillustrate 

aspectsofthepresentdisclosureandtogetherwiththedetaileddescriptionservetoexplain 

theprinciplesofthepresentdisclosure.Thepatentorapplicationfilecontainsatleastone 

drawingexecutedincolor.Copiesofthispatentorpatentapplicationpublicationwithcolor 

drawing(s)willbeprovidedbytheOfficeuponrequestandpaymentofthenecessaryfee.  

100721 FIG.1showsNeuroimagingmeasures.Top:PETimagingmeasuresoftauload 

usingradiotracer[' 8 F]MK6420(left)andf3-amyloidloadusing[' 8 F]AZD4694(right)in 

Imagingthelocuscoeruleus(LC).Bottom-left:NM-MmimageobtainedinvivofromaCN 

olderadult.Bottom-middle:magnifiedviewoftheponsfromthisparticipantandfroma 

representativeADpatient.Thisnon-invasiveprocedureclearlydelineatestheLCas 

hyperintensevoxels&ellowarrows).InADLCdegenerationbeginsintheearlystagesof 

illnesscausingvisiblereductioninLCNM-Mmsignal.Bottom-right:3Dstructureofhuman 

LCrevealedbycomputerreconstructionshowingdistributionofnoradrenergicLCcells 

(orange)basedonpost-mortemcellcounts 

100731 FIG.2showsapredictionofneuropsychiatricsymptomseverityinn73 

cognitivelyimpairedolderadultsbasedonLCNM-MRI(left),tauload(middle),orf3-amyloid 

load(right).NPSseveritywasadjustedbasedoncovariatesagesexdementiaseverityand 

PETmeasures(LCplot)orLCsignal(tauandamyloidplots).Allmeasuressignificantly 
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representativecognitivelynormal(CN)andAlzheimer'sdisease(AD)participants.Bottom.
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predictedMBItotalscore(Pearsonr==O.37,0.44 0.40respectively)andMBJimpulse 

dyscontrolsubdomainscore(plotsnotshownr=O.35,0.30,0.29,respectively).  

100741 131G.3showsNM-MMimagesacquiredat7Teslaand3Teslafromrepresentative 

subjects.YellowarrowspointtotheLC.Comparedto3Tultra-highfieldstrength(7T)allows 

71axialview)and 
enhancedin-planeresolution(0.7>< 0.7mmat3Tvs0.4x0,4mmat 'I 

thinnerslices(1.8vs1.0mm'coronalview);thereforevoxelvolumeis5,5timessmallerat 

7T.LowerresolutioncausesnoiseintheLCNM-MMsignalduetopartialvolumeeffects 

wheresinglevoxelscombineLCandnon-LCtissue.Forthisreasonultra-highfieldNM-Mm 

ispreferredtomeasurethesignalfromthissmallstructure 

100751 FIG.4showsthemeasurementoftheLCNM-Mmsignal.A.NM-Mm 

visualizationtemplatecreatedbyaveragingmanyNM-MmimagesinMINIspace.BC.  

Magnifiedviewsoftemplatewithamanuallytracedover-inclusivemaskoftheLCoverlaid.  

Thismaskisdividedinto4rostro-caudalsegments(color-codedinB).D.Arepresentative 

subject'sNM-MRJimageshowingtheponsinnativespace.TheoverinclusiveLCmaskis 

convertedfromMINIspacetonativespacetocreateasearchspace(yellow)whereintolocate 

theLC.E.TheLC(yellow)isidentifiedbilaterallyasthebrightestclusterof4adjacentvoxels 

withinthesearchspace.F.Thecontrasttonoiseratio(CNR)iscalculatedforallvoxelsrelative 

tothesignalinareferenceregioncontainingnoNM(whitecircle).AveragingtheCNRvalues 

fromallLCvoxelsinarostro-caudalsegmentyieldstheLCNM-MRJsignal.Themid-rostral 

segment&ellow)showedthemostpronounceddegenerationinADandthesignalhereisused 

forallanalyses.  

seventy.Left:schematicrepresentationoftheLCincoronalviewshowingsubregionalpattern 

ofNM-MRIsignallossintaupositiveindividuals.TheLCwasdividedinto5segments(each 

3mmlong)ontheleftandrightsidesTaustatuswasdividedinto3levels(taunegativeBraak 

region1positiveBraakregion3positive).TheLCsegmentsarecolor-codedbasedonthe 

relationshipofNM-MRIsignalinthesegmenttotaustatus(t-statisticderivedfromarobust 

linerregressioncontrollingforageandsex).Thestrongestrelationshipwasseeninthemiddle 

LCsegment(MNJspacezcoordinate- -22to-25;encircledinyellowandmatchingtheyellow 

LCsegmentshowninFig1).BilateralLCNM-signalfromthissegmentwastheNM-Mm 

metricselectedforallsubsequentanalyses.Middle:scatterplotshowingLCNM-Mmsignal 

inallstudygroups.Braak3positivecases(darkred)showedreducedsignalrelativetotau 

negativecasesandBraak1positivecases.Errorbarsrepresentstandarderrorofthemean.  

Right:scatterplotsshowingcorrelationofLCNM-MRJsignaltocognitiveimpairment(errors 
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100761 FIG.SshowstherelationshipofLCNM-MmsignaltoBraakstageanddementia
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ontheMMSEtop)anddementiastage(CDRscorebottom).L:leftR:rightCN-:cognitively 

normaltaunegativeindividualsCJ+:cognitivelyimpairedBraak1positiveindividuals, 4 

cognitivelyimpairedBraak3positiveindividualsMMSE:MiniMentalStateExamCDR9 

ClinicalDementiaRatingScale.  

100771 131G.6showsthevoxelwisecorrelationofLCNM-Mmsignalto[1SF]MK-6240 

uptakethroughoutthebrain.  

100781 FIG.7showsthemeasurementofLCNM-Mmsignal.Left:visualizationtemplate 

inMINIspacecreatedbyaveragingthespatiallynormalizedNM-Mmimagesfromall 
9 

participants.Middle:magnifiedviewsofthevisualizationtemplatewiththeover-inclusiveLC 
maskoverlaid.Thismaskwasmanuallytracedonthevisualizationtemplateoverthe 

hyperintenseregionsurroundingtheLCanddividedinto5rostrocaudalsegments(displayed 

indifferentcolors),eachspanning3mminthezaxis.Top-right:unprocessedNM-Mmimage 

showingtheponsofarepresentativeindividual;thecentralponsreferenceregionisencircled 

inwhite.Contrast-to-noiseratioforallvoxelswascalculatedrelativetosignalfromthisregion.  
9 

Bottom-right:segmentationoftheLCinnativespace.Theover-inclusiveLCmask(yellow) 

wasdeformedfromMMspacetonativespacetoprovideasearchspacewhereintheLCwas 

identifiedonleftandrightsidesasthebrightest4adjacentvoxels.Tominimizepartialvolume 

effectsonlythebrightest1ofthe4voxelswasretainedforeachsideandsliceandtheLCNM

MmsignalwascalculatedbyaveragingCNRvaluesfromthesevoxelsforeachofthe5 

9 

100791 FIG.8showsapositivecorrelationbetweencaudalLCNM-MRJsignalandCAPS

100801 FIG.9showsanegativecorrelationbetweenLCNM-MmsignalandBDJ 

depressionseverity.  

100811 FIG.10showsLCsignalinPTSDpatientsandhealthyindividuals.Therewasa 

significantincreaseincaudalLCsignalinthePTSDgroupcontrollingforage(t342.08, 

p0.046,cohen'sd0.71linearregressioncontrollingforage).  

100821 FIG.11showstherelationshipofclinicalandphysiologicalmeasuresof 

hyperarousaltoLCNM-Mmsignal.Left:GreaterLCNM-Mmsignalwassignificantly 

relatedtomoreseveresymptomsofhyperarousalin24CanadianArmedForcesveteranswith 

ahistoryofoperationaldeployment(r0.52,p0.019).Right:Preliminarydatasuggestsa 

positivecorrelationbetweenLCNM-MRJsignalandskinconductanceresponseduringthe 

fM~fearconditioningprocedure(phasicmaxconditionedstimulus-unconditionedstimulus) 

18 

5hyperarousalsymptomseverity.
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in7younghealthyindividuals(age-anddiagnosis-relatedincreaseinNMsignallikelyexplains 

thelowerLCNM-MRIsignalvaluescomparedtotheplotatleft).  

100831 131G.12showsthatLClocalizationviaNM-MMsupportsfMRIanalysis.Dueto 

itssmallsizeitisnotrecommendedtoexamineactivityoftheLCusingstandardmethodsof 

BOLDfMRIpreprocessingandanalysis.Recentworkhasdemonstratedanimprovedmethod 

thatconductsfirst-levelf'MRIanalysisinnativespacewithnosmoothingandleveragesthe 

NM-MRJsignaltoprovideapersonalizedLClocalizer[46,47]. Weemployedthisapproach 

inasinglesubjectwithPTSDandexaminedfunctionalconnectivityoftheLC.Atrest(top), 

weobservedapatternoffunctionalconnectivityverysimilartopriorreport[46],centered 

aroundtheLC(white)andincludingstructureswithinthebrainstemandcerebellum.After 

exposuretopersonalizedtraumawordsinthissameindividual(bottom),theconnectivityof 

theLCincreasedwithmanystructuresknowntoprojecttoorfromtheLCincluding 

hypothalamushippocampusandcerebralcortex.InthecurrentproposalthefMRJparadigm 

consistsoffearconditioningnottraumaevocationasshownhere~neverthelesstheseresults 

demonstratethefeasibilityoftheapproachtoinvestigatefunctionalactivityoftheLCusing 

BOLDfMRJ.  

100841 FIG.13showsSNcandLCmasks.ThesoftwareautomaticallyappliesthecustomSN 

masktotheSNctoselecttheregionforthevoxelbasedalgorithmandthecustomLCmasktothe 

LCtoselecttheregionforthesegmentedalgorithm.  

100851 FIG.14showstheapplicationofthevoxelbasedandsegmentedbasedalgorithmsto 

measureNMinpatientswithParkinsonsdisease.Thevoxelbasedalgorithmshowsthereare 

algorithmshowstherearenosignificantchangesintheLCcomparedtohealthycontrols(right 

panel).  

100861 FIG.15showstheapplicationofthevoxelbasedandsegmentedbasedalgorithmsto 

measureNMinpatientswithmildcognitiveimpairment(MCI)andAlzheimer'sdisease(AD).The 

voxelbasedalgorithmshowstherearenosignificantchangesintheSNccomparedtohealthy 

controls(leftpanel).ThesegmentedbasedalgorithmshowstherearesignificantchangesintheLC 

comparedtohealthycontrols(rightpanel).  

100871 FIG.16showstheapplicationofthevoxelbasedandsegmentedbasedalgorithms 

tomeasuretheneuropsychiatricsymptomsNMinwithAlzheimersdisease(AD).The 

segmentedbasedalgorithmshowstherearesignificantincreasesinNMintheLCcomparedto 

healthycontrols(leftpanel).Thevoxelbasedalgorithmshowstherearesignificantdecreases 

inNMcomparedtohealthycontrolsintheSNc(rightpanel).  
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100881 FIG.17showstheapplicationofthevoxelbasedandsegmentedbasedalgorithms 

tomeasureNMinpatientswithSchizophrenia.Thevoxelbasedalgorithmshowsthereare 

significantchangesintheSNccomparedtohealthycontrols(leftpanel).Thesegmentedbased 

algorithmshowstherearenosignificantchangesintheLCcomparedtohealthycontrols(right 

panel).  

100891 FIG.18showstheapplicationofthevoxelbasedandsegmentedbasedalgorithms 

toPostTraumaticStressDisorder.Thevoxelbasedalgorithmshowstherearenosignificant 

associationofdiseaseseveritywithNMlevelsintheSNccomparedtohealthycontrols(left 

panel).ThesegmentedbasedalgorithmshowstherearesignificantchangesintheLCcompared 

tohealthycontrolsandthattheincreaseNMlevelsaresignificantlyassociatedwithdisease 

severity(rightpanel).  

100901 FIG.19showstheapplicationofthevoxelbasedandsegmentedbasedalgorithms 

topatientswithdepression.Thevoxelbasedalgorithmshowsthereisarenosignificant 

associationofdiseaseseveritywithNMlevelsintheSNccomparedtohealthycontrols(left 

panel).ThesegmentedbasedalgorithmshowsthereisatrendtowarddecreasingNMlevels 

withincreasingdiseaseseventyintheLCcomparedtohealthycontrols(rightpanel).  

100911 FIG.20showstheapplicationofthevoxelbasedandsegmentedbasedalgorithms 

tococaineusedisorder.ThevoxelbasedalgorithmshowsthatincreasedNMintheSNcis 

significantlyassociatedwithcocaineusedisordercomparedtohealthycontrols(leftpanel).  

ThesegmentedbasedalgorithmshowsthereisatrendtowarddecreasingNMintheLC 

DETAILEDDESCRIPTION 

100921 Beforethepresentdisclosureisdescribedingreaterdetailitistobeunderstood 

thatthisdisclosureisnotlimitedtoparticularembodimentsdescribedassuchmayofcourse 

vary.Itisalsotobeunderstoodthattheterminologyusedhereinisforthepurposeofdescribing 

particularembodimentsonlyandisnotintendedtobelimitingsincethescopeofthepresent 

disclosurewillbelimitedonlybytheappendedclaims.  

Definitions 

100931 Theparticularsshownhereinarebywayofexampleandforpurposesofillustrative 

discussionoftheembodimentsofthepresentdisclosureonlyandarepresentedinthecauseof 

providingwhatisbelievedtobethemostusefulandreadilyunderstooddescriptionofthe 

principlesandconceptualaspectsofthepresentdisclosure.Inthisregardnoattemptismade 
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toshowstructuraldetailsofthepresentdisclosureinmoredetailthanisnecessaryforthe 

fundamentalunderstandingofthepresentdisclosurethedescriptionistakenwiththedrawings 

makingapparenttothoseskilledinthearthowtheformsofthepresentdisclosuremaybe 

embodiedinpractice.  
9 

100941 Asusedhereinthesingularforms'a,""an,"and"the"includethepluralreference 

unlessthecontextclearlydictatesotherwise.  

100951 Exceptwhereotherwiseindicatedallnumbersexpressingquantitiesofingredients 

reactionconditionsandsoforthusedinthespecificationandclaimsaretobeunderstoodas 

beingmodifiedinallinstancesbytheterm about."Accordinglyunlessindicatedtothe 

contrarythenumericalparameterssetforthinthefollowingspecificationandattachedclaims 

areapproximationsthatmayvarydependinguponthedesiredpropertiessoughttobeobtained 

bythepresentdisclosure.Attheveryleastandnottobeconsideredasanattempttolimitthe 

applicationofthedoctrineofequivalentstothescopeoftheclaimseachnumericalparameter 

shouldbeconstruedinlightofthenumberofsignificantdigitsandordinaryrounding 
9 

conventions.  
9 

100961 Additionallythedisclosureofnumencalrangeswithinthisspecificationis 
consideredtobeadisclosureofallnumericalvaluesandrangeswithinthatrange.Forexample, 

ifarangeisfromabout1toabout50,itisdeemedtoincludeforexample,1,7,34,46.1,23.7 

oranyothervalueorrangewithintherange.Moreovertheterminologyatleastincludesthe 

statednumbere.g.,"atleast50~~9 50.  

100971 Theterm"MRreferstomagneticresonanceandisthephysicalprincipleupon 

C' 

includingMM(magneticresonanceimaging"),MRS("magneticresonancespectroscopy') 
andthelike.Thetermneuromelanin-sensitiveMMorneuromelanin-MRIrefertotheuseof 

MMinthestudyofneuromelanininthebrain.Hereinthegeneraltermmagneticresonance 
9 

imagemagneticresonanceimagingorMRJencompassesneuromelanin-sensitivevariants.  

100981 Asusedhereintheterm"NM-Mm andsimilarnomenclaturereferstoeachthe 

MMscanandcorrespondingvoxelwiseanalysisindependentlybothasseparateandtogether.  

100991 Theterms"Ti"and"T2"usedhereinrefertotheconventionalmeaningswell 

knownintheart(i.e.,CC 9 

spin-latticerelaxationtime and"spin-spinrelaxationtime, 
9 

1001001 Theterm"Ti-weighted"inthecontextofMRIimagesreferstoanimagemadewith 

pulsespinechoorinversionrecoverysequencehavingappropriatelyshortenedTRandTB 

whichasknownintheartcandemonstratecontrastbetweentissueshavingdifferentTivalues.  

2i 

whichavarietyofexperimentalproceduresknownintheartand/ordescribedhereinarebased
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Theterm~~TR"9inthiscontextreferstotherepetitiontimebetweenexcitationpulses.Theterm 
excitationpdse"4 

isunderstoodtorefertoa90-degradiofrequency(RE)excitationpulse.The 

term"TB"referstotheechotimebetweentheexcitationpulseandMRsignalsampling.  
'4 

100101J Thetermsubject"maybeamammaliansubjectssuchasmurinerattusequine 
bovineovinecaninefelineorhuman.Insomeembodimentsofthemethodsdescribedherein 

thesubjectisamousewhileinotherembodimentsthesubjectisahuman.Theterm'4patient~~ 

inthiscontextreferstoahumansubject.  
'4 ,, 0 

1001021 Asusedhereinthetermalleviateismeanttodescribeaprocessbywhichthe 
severityofasignorsymptomofadisorderisdecreased.Importantlyasignorsymptomcan 

bealleviatedwithoutbeingeliminated.Inapreferredembodimenttheuseoftreatment 

methodsdisclosedhereinleadstotheeliminationofasignorsymptomhoweverelimination 

isnotrequired.Effectivedosagesguidedbythepresentdisclosureareexpectedtodecrease 

theseverityofasignorsymptom.  

1001031 Dosageandadministrationareadjustedtoprovidesufficientlevelsoftheactive 

agent(s)ortomaintainthedesiredeffect.Factorswhichmaybetakenintoaccountincludethe 

severityofthediseasestategeneralhealthofthesubjectageweightandgenderofthe 

subjectdiettimeandfrequencyofadministrationdruginteraction(s),reactionsensitivities 

andtolerance/responsetotherapy.Aneffectiveamountofapharmaceuticalagentisthatwhich 

providesanobjectivelyidentifiableimprovement.  
'4 

1001041 Theterm neurological"conditionisusedinterchangeablywith"neurological 
disorderand"neurologicaldisease"andisintendedtoencompasstheconditions/disorders 

1001051 Asusedherein"stable"referstomeasurementsthatarereproducible. Inone 

embodiment, stableneuromelaninlevels"referstoserialscanswhereneuromelainlevels 

remainrelativelyconstant.Insomecontexts"stableneuromelaninlevels"aremaintainedfor 

oneormorehoursoneormoredaysoneormoreweeksoroneormoretreatmentcycles.  

1001061 Theterms"treat,""treatment"andthelikeinthecontextofdiseasereferto 

amelioratingsuppressingeradicatingand/ordelayingtheonsetofthediseasebeingtreated.  

Insomeembodimentsthemethodsdescribedhereinareconductedwithsubjectsinneedof 

treatment.Thetermsinneedoftreatment"andthelikeasusedhereinrefertoasubjectatrisk 

fordevelopingadiseasehavingaconditionwhichwouldbeunderstoodbythoseofskillin 

themedicalorveterinaryartsaslikelyleadingtoadiseaseand/oractuallyhavingadisease.  

Alzheimer'sdiseasetreatmentsincludescurrentlyapprovedandinvestigativetreatments.  

ConventionalMRJlacksthespatialandquantitativedataneededtopredictclinicaloutcomes.  

22 

knownintheartatleastseveralofwhichhavebeenenumeratedherein.
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Howeverthemethodsasdiscussedhereindetectlevelsofneuromelanininthebrainthatcan 

predictclinicalprogressionseverityandresponseinAlzheimersdiseasegiventhevariance 

ofneuromelanininthebrainorlossofneuromelanin-containingneurons.  

1001071 The NM-Mm ofthe present disclosure can monitor the efficacy of 

Alzheimer'streatment. TheNM-Mmofthepresentdisclosurecandetermineefficacyof 

investigativetreatments.Anon-exhaustivelistingofAlzheimerstreatmentwhichmaybe 

monitoredaccordingtooneembodimentofthepresentdisclosureincludesoneormoreofthe 

following: 

1001081 Alzheimersdisease treatments include disease-modifying therapies. These 

therapiesaimtopreventsloworhalttheoverallprogressionofAlzheimersdisease(PD).  

Theytargetdifferentproteinsandpathwaysbelievedtoplayaroleinthedisease.  

1001091 InsomeembodimentsNM-Mmprovidesamethodfordosetitrationforthe 

treatmentofAlzheimersdiseasewhileavoidingandadverseorsideeffectsfromcurrently 

approvedorinvestigationaltherapeutics. Specifically, administenngatreatmentwhile 

monitoringNMsignalsusingthevoxelwiseapproachdescribedhereintoguidethedosage 

regimenitispossibletoincreaseefficacy.  

1001101 Additionallyadministeringatherapeuticaccordingtoaspecificvariabledosage 

regimenguidedbyNM-MRJitispossibletoreducesideeffectswhichmaybeassociatedwith 

administration.Forexampleadministeringtreatmentsaccordingtothespecificdosage 

regimenguidedbyNM-MRJvoxelanalysisofthepresentdisclosuremaysignificantlyreduce 

orevencompletelyeliminatetreatmentassociatedsideeffects.  

associatedvoxels.Thedosevariationincreasespatientcomplianceimprovestherapyand 

reducesunwantedand/oradverseeffects.Incertainembodimentsthetherapeuticmethodof 

thedisclosureprovidesanimprovedoveralltherapyrelativetotheadministrationofthe 

therapeuticagentsbythemselves.  

1001121 Incertainembodimentsdosesofexistingtherapeuticagentscanbereducedor 

administeredlessfrequentlyinusingtheguidedinterventionofthepresentdisclosurethereby 

increasingpatientcomplianceimprovingtherapyandreducingunwantedoradverseeffects.  

InoneembodimentmonitoringtreatmentwiththeNM-Mmofthepresentdisclosureallows 

patientstoexperiencebenefitfromtreatmentforalongertimeframe.  

1001131 Neuromelanin-sensitiveMRIdatamaybeusedasabiomarkerforAlzheimer's 

diseaseorriskofdevelopingAlzheimer'sdiseaseseverityillnessprogressiontreatment 

responseand/orclinicaloutcome.Neuromelanin-sensitiveMRImethodsmeettheneedfor 

23 

1001111 InoneembodimenttheregionofinterestareAlzheimer'sdiseasesymptom-
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objectivebiomarkertrackingAlzheimersdiseaseseverityorriskforitsdevelopment.  

Neuromelanin-sensitiveMMcanbeusedasasafealternativeforinvasive/radiatingimaging 
9 

measures(e.g.,PET).Neuromelanin-sensitiveMMcanalsobeusedformonitoringof 

progressionwhichcurrentlycannotbedonegiventheriskofrepeatedexposuretoradiation.  

Neuromelanin-sensitiveMMisnon-invasivecheapersaferandeasiertoacquireinclinical 

settings.Ithassubstantiallyincreased(5-10-fold)anatomicalresolutionwhichallowsfor 

resolvinganatomicaldetailwithinrelevantbrainstructures.  

1001141 Incertainembodimentsneuromelaninsensitivemagneticresonanceimagesare 

obtainedperiodicallyforexampleevery1,2,3,4,5,6or7daysevery1,2,3or4weeks 

every1,2,3,4,5,6,7,8,9,10,11or12monthsorevery1,2,3,4or5years.Incertain 

embodimentsafirstmagneticresonanceimageisobtainedpriortotheappearanceof 

symptoms.Incertainembodimentsafirstmagneticresonanceimageisobtainedpriorto 

symptomsassociatedwithAlzheimer'sdisease. Asecondmagneticresonanceimagemaybe 

obtainedeitherpriortoorsubsequenttotheappearanceofsymptoms.Inotherembodiments 

asecondmagneticresonanceimagemaybeobtained1yearafterthefirstmagneticresonance 

image.  

1001151 Insomeembodimentstheneuromelaninsensitivemagneticresonanceimaging 

("NM-MM")techniqueiseffectiveatnon-invasivelydiagnosingmeasuringtheeffectof, 

and/orprovidingaprognosisforAlzheimersdisease.  

1001161 InsomeembodimentstheNM-MMtechniqueisusedasatoolfordiagnosingpre

symptomaticAlzheimersdisease.InsomeembodimentstheNM-MRItechniqueiseffective 

limitedtoParkinsonsdiseaseand/ordementiawithlewybodies.Inotherembodimentsthe 

NM-MRItechniqueiseffectiveatselectingand/ormonitoringacourseoftreatment, 

optionallysuchatreatmentiseffectiveattreatingAlzheimersdisease.  

1001171 InsomeembodimentstheNM-Mmtechniqueisusedasatoolformonitoringthe 

progressofAlzheimer'sdisease.InsomeembodimentstheNM-MRItechniqueiseffective 

forthelongitudinalassessmentofAlzheimer'sdiseaseprogression.  

1001181 Insomeembodimentsthetechniquemeasuresneuromelanindirectlyorindirectly.  

Inotherembodimentsthetechniquemeasuresdopaminefunctiondirectlyorindirectly. In 

someembodimentsthereisaconnectionbetweenneuromelanin-sensitiveMRI(NM-Mm) 

signalandAlzheimersdiseaseseverity.  

1001191 InsomeembodimentstheNM-MRItechniqueiscapableofdeterminingthe 

concentrationsofneuromelaninacrossallsectionsofbraintissue.Inotherembodimentsthe 
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fordistinguishingAlzheimersdiseasefromotherneurologicalconditionsincludingbutnot
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NM-MRJtechniqueiscapableofdeterminingregionalconcentrationsof 4 

otherembodimentstheNM-Mmtechniqueiscapableofdeterminingregionallevelsof 

neuromelanin. InotherembodimentstheNM-Mmtechniqueiscapableofdetermining 
4 

regionalsignalintensityofneuromelanin.  

1001201 InotherembodimentstheNM-Mmtechniquedeterminestheneuromelanin 

concentrationinthelocuscoeruleus(LC)subregions.InfurtherembodimentstheNM-Mm 

techniquedeterminesdopaminereleaseinthedorsalstriatumandrestingbloodflowwithinthe 

locuscoeruleuseitherdirectlyorindirectly.  

1001211 InsomeembodimentstheNM-MRIsignalandAlzheimersdiseaseseverityare 

directlycorrelated. InsomeembodimentstheNM-MmsignalandAlzheimersdisease 

severityareinverselycorrelated.InotherembodimentsNM-MRIexhibitslowersignalinthe 

nigrostriatalpathwayofpeoplewithAlzheimersdisease.InsomeembodimentstheNM-Mm 

capturesdopaminedysfunction. InyetotherembodimentstheNM-Mmcanbeusedasa 

biomarkerforAlzheimersdisease. InfurtherembodimentstheNM-Mmcanbeusedto 

determinetheseverityofAlzheimersdisease.InfurtherembodimentstheNM-Mmcanbe 

usedtodiagnoseand/orprovideaprognosisforAlzheimersdisease.  

1001221 InsomeembodimentstheanalysisisperformedincomparisontopreviousNM

Mm.Inotherembodimentstheanalysisisperformedincomparisontoareferencevalue 

and/orrange.Insomeembodimentsthereferencevalueand/orrangeisgeneratedusinga 

compilationofneuromelanindatafromhealthypeople.Insomeembodimentsthereference 

valueand/orrangeisgeneratedusingacompilationofneuromelanindatafrompeoplewho 

usingacompilationofneuromelanindatafrompeoplewhohaveAlzheimer'sdiseaseand 

peoplewhodonothaveAlzheimer'sdisease.  

1001231 InsomeembodimentstheNM-MRIsignalistakenfromthesubstantianigraorthe 

locuscoeruleus.InsomeembodimentstheNM-MmsignalistakenfromboththeSNandthe 

locuscoeruleus.  

1001241 Certainembodimentsofthepresentdisclosurecanprovideanobjectivetestto 

enhancediagnosticaccuracy, advance the recognition ofAlzheimersdisease into a 

presymptomaticstageandserveasamonitorfortherapy.Ingeneralembodimentsofthe 

presentdisclosurecanbeusedtodiagnoseneuromelaninusingastoredtemplatedifferentiate 

betweenanumberofdifferentconditionsordiseasesandmonitorasubjectoveraperiodof 

time.  

25 

haveAlzheimer'sdisease.Insomeembodimentsthereferencevalueand/orrangeisgenerated
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1001251 Inoneembodimentthedisclosureisusedwithasecondimagingmethodwherein 

thesecondimagingmethodispositronemissiontomography(PET).Inoneembodimentthe 

disclosureisusedwithasecondimagingmethodwhereinthesecondimagingmethodis 

structuralMM.Inoneembodimentthedisclosureisusedwithasecondimagingmethod'I 

whereinthesecondimagingmethodisfunctionalMRI(fMRI).Inoneembodimentthe 

disclosureisusedwithasecondimagingmethodwhereinthesecondimagingmethodisblood 

oxygenleveldependent(BOLD)fMRLInoneembodimentthedisclosureisusedwitha 

secondimagingmethodwhereinthesecondimagingmethodisironsensitiveMM.Inone 

embodimentthedisclosureisusedwithasecondimagingmethodwhereinthesecondimaging 

methodisquantitativesusceptibilitymapping(QSM).Inoneembodimentthedisclosureis 

usedwithasecondimagingmethodwhereinthesecondimagingmethodisdiffusiontensor 

imagingDTJ.Inoneembodimentthedisclosureisusedwithasecondimagingmethod 

whereinthesecondimagingmethodissinglephotonemissioncomputedtomography 

(SPECT).Inoneembodimentthedisclosureisusedwithasecondimagingmethodwherein 

thesecondimagingmethodisDaTscan.Inoneembodimentthedisclosureisusedwitha 

secondimagingmethodwhereinthesecondimagingmethodisDaTquant.  

1001261 Insomeembodimentstheneuromelaninconcentrationand/orlevelismeasured 

againstacontrolandiftheneuromelaninconcentrationand/orlevelisabout50oabout100 

aboutl50 oabout20%,about25%,about30%,about 3 5 0 oabout40%,about5O 0 oabout6O0 o, 

about7 O0 oabout8 O0 oabout9 O0 olessthanthecontroladiagnosisofAlzheimer'sdiseaseis 

supported.Insomeembodimentsthechangeinneuromelaninisassessedasanetconcentration 

percentagechangeperyear.Insomeembodimentstheneuromelaninconcentrationand/or 

levelismeasuredagainstacontrolandtheneuromelaninconcentrationand/orlevelisabout 

1 ~ oabout2 0 oabout3 0 oabout40o about5 0 oabout60oabout7 0 oabout~about 9 0 o, 

about10%,about1l~oaboutl2ooaboutl3 0 oaboutl40 ooraboutl5oolessthanthecontrol.  

Insomeembodimentstheneuromelaninconcentrationand/orlevelismeasuredagainsta 

controlandtheneuromelaninconcentrationand/orlevelisabout10oabout20oabout300, 

about4 0 oabout5 0 oabout600,about70oabout~ about9 0 oabout1O~oabout1 1 ~ oabout 

1200 about130oabout140o orabout150odecreasedperyearcomparedtothecontrol.  

1001271 Inoneembodimentthecontrolisapatient'spriorNM-MRIscan. Inone 

embodimentneuromelaninconcentrationand/orlevelismeasuredagainstacontrolandthe 

neuromelaninconcentrationand/orlevelismeasuredyearlyevery2yearsevery3yearsevery 

4yearsevery5yearsevery6yearsevery7yearseverySyearsevery9yearsevery10 
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orlevelchangeperyear.Insomeembodimentsthechangeinneuromelaninisassessedasa
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yearsevery20years.Inoneembodimentthesecondtimepointisabout3monthsabout6 

monthsabout9monthsabout12monthsabout2yearsabout3yearsabout4yearsabout5 

yearsabout6yearsabout7yearsabout8yearsabout9yearsabout10yearsabout15years 

about20yearsabout25yearsorabout30yearsafterthefirsttimeperiod.Incertain 

embodimentswhentheneuromelaninconcentrationand/orlevelismeasuredtobelessthan 

thecontrolapatientisdiagnosedwithAlzheimer'sdisease.Incertainembodimentswhenthe 

neuromelaninconcentrationand/orlevelismeasuredtobeapre-determinedamountlessthan 

the control eitherperyear ornet overall change, patient is diagnosed with 

Alzheimer'sdisease.Infurtherembodimentsthemeasuredneuromelaninismorethanabout 

2000lessthanthecontrol.Infurtherembodimentsthemeasuredneuromelaninismorethan 

about250olessthanthecontrol.Infurtherembodimentsthemeasuredneuromelaninismore 

thanabout300olessthanthecontrol.Infurtherembodimentsthemeasuredneuromelaninis 

morethanabout350olessthanthecontrol.Infurtherembodimentsthemeasuredneuromelanin 

ismorethanabout450olessthanthecontrol.Infurtherembodimentsthemeasured 

neuromelaninismorethanabout 0 lessthanthecontrol. Infurtherembodimentsthe 

measuredneuromelaninismorethanaboutWolessthanthecontrol.Incertainembodiments, 

thecontrolisoptionallyapreviousneuromelaninMMscanofthesamepatient. Another 

embodimentsthecontrolcomprisesareferencenumberoptionallydeterminedfromadatabase 

ofneuromelaninMMscansfromatleastoneotherpersonwiththedisease.  

1001281 Inoneembodimentifthechangeinthelevelsignaland/orconcentrationof 

neuromelaninatthesecondtimepointismorethanabout~olessormorethanabout '~oless 

firsttimepointandthesecondtimepointareabout1yearabout2yearsabout3yearsabout 

4yearsabout5yearsabout6yearsabout7yearsabout8yearsabout9yearsorabout10 

yearsapartadiagnosisofAlzheimer'sdiseaseisprovided.  

1001291 Inoneembodimentifthechangeinthelevelsignaland/orconcentrationof 

neuromelaninatthesecondtimepointismorethanabout350olessmorethanabout400oless 

morethanabout450olessormorethanabout50~olesssignaland/orconcentrationof 

neuromelaninatthefirsttimepointwhereinthefirsttimepointandthesecondtimepointare 

about1yearabout2yearsabout3yearsabout4yearsabout5yearsabout6yearsabout7 

yearsaboutSyearsabout9yearsorabout10yearsapartadiagnosisofAlzheimer'sdisease 

isprovided.  
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1001301 Inoneembodimentthedegreeofreductioninneuromelaninvolumesignalor 

concentrationinagivenpatientcomparedtoacontrolisproportionaltotheprogressionand/or 

severityofAlzheimersdisease.  

1001311 Inoneembodimentthedegreeofincreaseinneuromelaninvolumesignalor 

concentrationinagivenpatientcomparedtoacontrolisproportionaltotheimprovement 

and/orefficacyofAlzheimersdiseaseprogressionandlortreatment.  

1001321 Inoneembodimentthestandardcontrolisalevelofneuromelaninpresentat 

approximatelythesamelevelsinapopulationofsubjectsorthestandardcontrolis 

approximatelytheaveragelevelofneuromelaninpresentinapopulationofsubjects.  

1001331 ToillustrateextendingtheuseofNM-Mmforsuchapplicationsaseriesof 

validationstudiesisshown.AfirstprocedureisprovidedtoshowthatNM-MRIcanbe 

sensitiveenoughtodetectregionalvariabilityintissueconcentrationofNMwhichpresumably 

dependsoninter-individualandinter-regionaldifferencesindopaminefunction(e.g., including 

synthesisandstoragecapacity),andnotjusttolossofNM-containingneurons.Totestthis 

MmmeasurementswerecomparedtoneurochemicalmeasurementsofNMconcentrationin 

post-modemtissuewithoutAlzheimer'sdisease.Becausevariabilityindopaminefunctionmay 

notoccuruniformlythroughoutallSNtiersthenextprocedurewastoshowthatNM-Mm 

whichhashighanatomicalresolutioncomparedtostandardmolecular-imagingprocedureshas 

sufficientanatomicalspecificity.NM-Mmisusedtotesttheabilityofanovelvoxelwise 

approachtocapturetheknowntopographicalpatternofcelllosswithintheSNinAlzheimer's 

disease.ThenextprocedureisthentoprovidedirectevidenceforarelationshipbetweenNM

1001341 AsdiscussedinWO2020/077098,incorporatedhereininitsentiretybyreference 

NM-MRIsignalcorrelatestoawell-validatedPositronEmissionTomography("PET") 

measureofdopaminereleaseintothestriatum- themainprojectionsiteofSNneurons- and 

toafunctionalMRImeasureofregionalbloodflowintheSNanindirectmeasureofactivity 

inSNneurons.Levelofneuromelaninincreases(SNcconcentrationvolumeofNMinSNc), 

asmeasuredthemethodsofthepresentdisclosurethatresultsinimprovementinUPDRSwith 

L-Dopatherapy 

1001351 InoneembodimentarepresentativetreatmentforanyAlzheimersdiseaseisused.  

Inoneembodimentthetreatmentisgenetherapy.Inoneembodimentiftheneuromelanin 

concentrationremainsstableunchangedorconstantthedosageoftreatmentremainsconstant.  

Inoneembodimentiftheneuromelaninconcentrationremainsstablethedosageoftreatment 

isincreased.Inoneembodimentiftheneuromelaninconcentrationisdecreasedbymorethan 
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aboutKomoreth~about20omorethanabout 3 0 o, morethanabout 5 0 omorethanabout 

1000, morethanabout150o, morethanabout200o, ormorethanabout250othenthe 

Alzheimer'sdiseasetreatmentdoseisincreased.  

1001361 Inoneembodimenttheneuromelaninismonitored.Inoneembodimentthesetof 

controlsfromotherpatientsisagematched.Inoneembodimentthesetofcontrolsfromother 

patientsisgendermatched.  

1001371 Insomeembodimentstheneuromelaninismeasuredatleasteveryotherdayevery 

weekevery2weekseverymontheveryothermonthevery3monthsevery6monthsevery 

yearevery2yearsevery3yearsevery4yearsevery5yearsevery6yearsevery7years 

every8yearsevery9yearsevery10yearsevery15yearsevery20yearsevery25years 

every30yearsIncertainembodimentsthesecondtherapeuticagentdoseisadministeredevery 

weekorevery2weeks.Incertainembodimentsthetherapeuticisadministeredevery1hour, 

2hours,3hours,4hours,5hours,6hours,8hours,10hours,12hours,14hours,16hours,18 

hours,20hours,24hours,1day,2days,3days,4days,5days,6days,7daysoratleast14 

days.  

1001381 Inoneembodimentthetreatmentperiod(eitherinitialorsubsequent)ormonitoring 

periodasdiscussedhereiniseverydayeveryotherdayevery28dayseveryweekevery2 

weeksevery3weeksevery4weeksevery5weeksevery6weeksevery7weeksevery8 

weeksevery9weeksevery10weeksevery11weeksevery12weeksevery13weeksevery 

14weeksevery15weeksevery16weeksevery17weeksevery18weeksevery19weeks 

orevery20weeksabouteverymonthabouteveryothermonthaboutevery3monthsabout 

1001391 Insomeembodimentsthedegreeofreductioninneuromelaninvolumesignalor 

concentrationinagivenpatientcomparedtoacontrolisproportionaltotheprogressionand/or 

severityofAlzheimersdisease(AD)andneuropsychiatricsymptoms(NPS).  

1001401 Insomeembodimentsthedegreeofincreaseinneuromelaninvolumesignalor 

concentrationinagivenpatientcomparedtoacontrolisproportionaltotheimprovement 

and/orefficacyofADand/orNPSprogressionand/ortreatment.  

1001411 Insomeembodimentsthestandardcontrolisalevelofneuromelaninpresentat 

approximatelythesamelevelsinapopulationofsubjectsorthestandardcontrolis 

approximatelytheaveragelevelofneuromelaninpresentinapopulationofsubjects.  

1001421 ThepresentdisclosurecorrelatesspecificLCsegmentswithADand/orNPS 

symptoms asmeasuredby Clinician-AdministeredAD and/orNPS Scale(CAPS), 

demonstratesthattheapplicationofthesegmented-basedanalysismethodfindsspecificLC 
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segments(termedAD-segmentsand/orNPS-segments)eitheruniquetoeachpatientor 

consistentacrossapopulationofpatientswiththesamediseasethatcorrelatewiththeirspecific 

symptomsonCAPS9 determinesthecorrelationbetweenthechangeinneuromelaninmeasures 

afterinitiationoftherapyandimprovementinCAPSscorewdeterminesthedifferencesin 

neuromelaninmeasures(e.g.totalNMconcentration(microgramneuromelaninper 4 

microgram 
wettissue)inlocuscoeruleus(LC),NMconcentrationinthesubregionsLCvolumeof 

neuromelanininthetotalLCvolumeofsubregionsoftheLC)inapatientwithADand/or 

NPSfromthenormalrangeofthecontrolgroup;determinesthedifferenceinneuromelanin 

levelsfromacontrolgroupthatwouldwarrantadiagnosisofADand/orNPS~correlatesthe 

changeinneuromelaninmeasuresafterinitiationoftherapyandimprovementinCAPSscores 4 

determinesthelevelofneuromelaninincreasethatresultsinimprovementinCAPStovalidate 

thatNMlevelscanbeusedtomonitorresponsetotreatmentcorrelatesADand/orNPS 

segmentswithADand/orNPSsymptomsmeasuredviaCAPSscoresappliesthesegment 

basedanalysismethodtofindspecificsegments(termedADand/orNPSsegments)either 

uniquetoeachpatientorconsistentacrossapopulationofpatientswiththesamediseasethat 

correlatewiththeirspecificsymptomsonCAPScorrelationbetweenNM-MMscansandboth 

tau-PBTorp-taulSlorptau2l7bloodtestingandCAPSscores.  

1001431 Inoneembodimentaregionofinterestisdeterminedandsegmentsthatcoverthat 

regionaremeasuredtodeterminethevolumeofneuromelanininthatarea.  

1001441 Inoneembodimenttheregionofinterestissubdividedandsegmentsthatcoverthe 
4 

subregionsaremeasuredtodeterminethevolumeofneuromelanininthatarea.  

tocomputetheconcentrationofneuromelaninintheregionofinterestorsubregionswithinthe 

regionofinterest.  

1001461 Inoneembodimentthesesegmentsarecomparedtoareferencedatasetandused 

tocomputethetotalamountofneuromelaninintheregionofinterestorsubregionswithinthe 

regionofinterest.  

1001471 Inoneembodimentmultiplecomparisonsareperformedbetweenallofthe 

segmentsidentifiedintheregionofinterestandspecificsymptomsorscalesofsymptom 

severityordiseasestatesordemographicinformationorotherpatientordisease-specific 

informationandassociationsarefoundbetweenasubgroupofindividualsegmentsanda 

specificsymptomorlevelofsymptomseverityonadiseasemonitoringscale.Thesearetermed 

symptom-specificsegments.  
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1001481 Inoneembodimentmultiplecomparisonsareperformedbetweenallofthe 

segmentsidentifiedintheregionofinterestandspecificdiseasediagnosesordemographic 

informationorotherpatientordisease-specificinformationandassociationsarefound 

betweenasubgroupofindividualsegmentsandtheconditionofbeingdiagnosedwithaspecific 

disease.Thesearetermeddisease-specificsegmentsandinoneexamplemaycompriseAD 

and/orNPS-disease-specificsegments.  

1001491 Inoneembodimentthesesymptom-specificordisease-specificsegmentshave 

similaritiesacrossmultiplepatientswiththesamesymptominthecontextofthesamedisease 

andcanbeusedtomake compansonsbetweenmultiplepatientswiththesamedisease(for 

exampletwopatientswithADand/orNPSdiseasewhobothhavethesymptomof 

hyperarousalsleepdisturbancesornightmares).Inthiscasethesimilaritiesbetweenpatients 

maybecomparedandthesymptomspecificsegmentsmayfunctionasadiagnosticbiomarker 

forthesymptom-specific anddisease-specificsegmentsmayfunctionasadiagnostic 

biomarkerforthespecificdisease.  

1001501 Inoneembodimentthesesymptom-specificordisease-specificsegmentshave 

differencesbetweenpatientswiththesamesymptomoccurringinthecontextofdifferent 

diseases.Inthiscasedifferencesbetweenthesymptomspecificsegmentscanbeusedto 

differentiatedbetweentwodifferentdisorderssharingthesamesymptom.  

1001511 Inone embodiment, eithersymptom-specificsegments ordisease-specific 

segmentsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 
4 

subregionscanbeusedasanon-invasivebiomarkertodeterminediagnosticinformationto 

stressdisordersuchasacutestressdisorderASD).  

1001521 Inoneembodimentthiscanbeaccomplishedbycomparingthebaseline 

measurementsinaspecificpatientofeithersymptom-specificsegmentsordisease-specific 

segmentsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 

subregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.  

1001531 Inoneembodimentthiscanbeaccomplishedbycomparingthemeasurementsina 

specificpatientofeithersymptom-specificsegmentsordisease-specificsegmentsor 

neuromelaninconcentrations orneuromelaninvolumesofspecificregionsorsubregions 

againstastandardcontrol.  

1001541 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertodeterminediagnosticinformationtorule-outthe 
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presenceofarelateddisorderordifferentiatebetweenrelateddisorderssuchasADand/orNPS 

andASD.  

1001551 Inoneembodimentthiscanbeaccomplishedbycomparingthebaseline 

measurementsinaspecificpatientofeithersymptom-specificsegmentsordisease-specific 

segmentsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 

subregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.  

1001561 Inoneembodimentthiscanbeaccomplishedbycomparingthemeasurementsina 

specificpatientofeithersymptom-specificsegmentsordisease-specificsegmentsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

againstastandardcontrol.  

1001571 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertostageorgradeaspecificdiseaseorsymptomand 

differentiateorclassifythisinformationinapatient.Forexamplethismaybeusedto 

determinethestageofADand/orNPSorastressdisorderinaspecificpatient 

1001581 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertodeterminethecurrentseverityofsymptomsina 

patient.  

1001591 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

patienthasnotyetdeveloped.  

1001601 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertopredicttheseverityofcurrentsymptomspredict 

thefuturedevelopmentofadiseasecourseorpredicttheresponseofeitheraspecificsymptom 

ortheresponseofthediseaseasawholeresponsetotreatmentandfunctionasanon-invasive 

prognosticbiomarker.  

1001611 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertomonitorresponsetotreatmentforeitheraspecific 

symptomoradiseasestateasawhole.  
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1001621 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 
9 

canbeusedasanon-invasivebiomarkertoguidetheselectionofthecorrecttreatmentfor 
eitheraspecificsymptomoradiseasestateasawhole.  

1001631 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertodeterminethestatusoftreatmentanddetermineif 

anadequateresponsetotreatmenthasbeenobtainedforeitheraspecificsymptomoradisease 

stateasawhole.  

1001641 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 
9 

canbeusedasanon-invasivebiomarkertopredictthefutureresponsetotreatmentforeithera 
specificsymptomoradiseasestateasawhole.  

1001651 Inanyembodimentcomparisonsmaybemadebetween: 

1001661 Thebaselinemeasurementsinaspecificpatientofeithersymptom-specific 

segmentsordisease-specificsegmentsorneuromelaninconcentrationsorneuromelanin 

volumesofspecificregionsorsubregionsagainstfuturemeasurementsofthesevaluesinthe 
9 

samepatient.  

1001671 Themeasurementsinaspecificpatientofeithersymptom-specificsegmentsor 

disease-specificsegmentsorneuromelaninconcentrationsorneuromelaninvolumesof 

1001681 Further PTSD and MDD Embodiments 

1001691 Insomeembodimentsthedegreeofreductioninneuromelaninvolumesignalor 

concentrationinagivenpatientcomparedtoacontrolisproportionaltotheprogressionand/or 

severityofPTSD.  

1001701 Insomeembodimentsthedegreeofincreaseinneuromelaninvolumesignalor 

concentrationinagivenpatientcomparedtoacontrolisproportionaltotheimprovement 

and/orefficacyofPTSDand/orMDDprogressionand/ortreatment.  

1001711 Insomeembodimentsthestandardcontrolisalevelofneuromelaninpresentat 

approximatelythesamelevelsinapopulationofsubjectsorthestandardcontrolis 

approximatelytheaveragelevelofneuromelaninpresentinapopulationofsubjects.  

1001721 ThepresentdisclosurecorrelatesspecificLCsegmentswithPTSDsymptomsas 

measuredbyClinician-AdministeredPTSDScale(CAPS)and/orMDDusingtheDSM-5 
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diagnosticcriteriaorMINIcriteria'demonstratesthattheapplicationofthesegmented-based 

analysismethodfindsspecificLCsegments(termedeitherMDD-segmentsorPTSD

segments)eitheruniquetoeachpatientorconsistentacrossapopulationofpatientswiththe 
4 

samediseasethatcorrelatewiththeirspecificsymptomsonCAPSdeterminesthecorrelation 

betweenthechangeinneuromelaninmeasuresafterinitiationoftherapyandimprovementin 

CAPS 'I determinesthedifferencesinneuromelaninmeasures(e.g.totalNM 

concentration(microgramneuromelaninpermicrogramwettissue)inlocuscoeruleus(LC), 

NMconcentrationinthesubregionsLCvolumeofneuromelanininthetotalLCvolumeof 

subregionsoftheLC)inapatientwithPTSDand/orMDDfromthenormalrangeofthecontrol 

group;determinesthedifferenceinneuromelaninlevelsfromacontrolgroupthatwould 

warrantadiagnosisofPTSDcorrelatesthechangeinneuromelaninmeasuresafterinitiation 

oftherapyandimprovementinCAPSscores 0 determinesthelevelofneuromelaninincrease 

thatresultsinimprovementinCAPStovalidatethatNMlevelscanbeusedtomonitorresponse 

totreatmentscorrelatesPTSDand/orMDDsegmentswithPTSDsymptomsmeasuredvia 

CAPSscoresand/orMDDmeasuredviaBDJ-IJtotalscoreorHAMDorMADRSscales4 

appliesthesegmentbasedanalysismethodtofindspecificsegments(termedPTSDand/or 

MDDsegments)eitheruniquetoeachpatientorconsistentacrossapopulationofpatientswith 

thesamediseasethatcorrelatewiththeirspecificsymptomsonCAPS.  

1001731 Inoneembodimentaregionofinterestisdeterminedandsegmentsthatcoverthat 

regionaremeasuredtodeterminethevolumeofneuromelanininthatarea.  

1001741 Inoneembodimenttheregionofinterestissubdividedandsegmentsthatcoverthe 

1001751 Inoneembodimentthesesegmentsarecomparedtoareferencedatasetandused 

tocomputetheconcentrationofneuromelaninintheregionofinterestorsubregionswithinthe 

regionofinterest.  

1001761 Inoneembodimentthesesegmentsarecomparedtoareferencedatasetandused 

tocomputethetotalamountofneuromelaninintheregionofinterestorsubregionswithinthe 

regionofinterest.  

1001771 Inoneembodimentmultiplecomparisonsareperformedbetweenallofthe 

segmentsidentifiedintheregionofinterestandspecificsymptomsorscalesofsymptom 

seventyincludingCAPSordiseasestatesincludingPTSDand/orMDDordemographic 

informationorotherpatientordisease-specificinformationandassociationsarefound 

betweenasubgroupofindividualsegmentsandaspecificsymptomorlevelofsymptom 

severityonadiseasemonitonngscale.Thesearetermedsymptom-specificsegments.  
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1001781 Inoneembodimentmultiplecomparisonsareperformedbetweenallofthe 

segmentsidentifiedintheregionofinterestandspecificdiseasediagnosesordemographic 

informationorotherpatientordisease-specificinformationandassociationsarefound 

betweenasubgroupofindividualsegmentsandtheconditionofbeingdiagnosedwithaspecific 

disease.Thesearetermeddisease-specificsegmentsandinoneexamplemaycomprisePTSD

disease-specificsegmentsorMDD-diseas 0 

1001791 Inoneembodimentthesesymptom-specificordisease-specificsegmentshave 

similaritiesacrossmultiplepatientswiththesamesymptominthecontextofthesamedisease 

andcanbeusedtomake compansonsbetweenmultiplepatientswiththesamedisease(for 

exampletwopatientswithPTSDwhobothhavethesymptomofhyperarousalsleep 

disturbancesornightmaresand/orMDDwhohavesymptomsofanhedonia).Inthiscasethe 

similaritiesbetweenpatientsmaybecomparedandthesymptomspecificsegmentsmay 

functionasadiagnosticbiomarkerforthesymptom-specificanddisease-specificsegments 

mayfunctionasadiagnosticbiomarkerforthespecificdisease.  

1001801 Inoneembodimentthesesymptom-specificordisease-specificsegmentshave 

differencesbetweenpatientswiththesamesymptomoccurringinthecontextofdifferent 

diseases.Inthiscasedifferencesbetweenthesymptomspecificsegmentscanbeusedto 

differentiatedbetweentwodifferentdisorderssharingthesamesymptom.  

1001811 Inoneembodiment, eithersymptom-specificsegmentsordisease-specific 

segmentsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 
0 

subregionscanbeusedasanon-invasivebiomarkertodeterminediagnosticinformationto 

asacutestressdisorderASDorpanicdisorderand/orMDDorarelateddepressivedisorder 
0 

includingdysthymiacyclothymiabipolardisordertypesIandIIadjustmentdisorderor 

0 

1001821 Inoneembodimentthiscanbeaccomplishedbycomparingthebaseline 

measurementsinaspecificpatientofeithersymptom-specificsegmentsordisease-specific 

segmentsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 

subregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.  

1001831 Inoneembodimentthiscanbeaccomplishedbycomparingthemeasurementsina 

specificpatientofeithersymptom-specificsegmentsordisease-specificsegmentsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

againstastandardcontrol.  

35 

diagnosethepresenceofaspecificdisease(inthiscasePTSDorarelatedstressdisordersuch



WO20221104288 PCT/IJS2021/059590 

1001841 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertodeterminediagnosticinformationtorule-outthe 

presenceofarelateddisorderordifferentiatebetweenrelateddisorders(inthiscasePTSDor 

arelatedstressdisordersuchasacutestressdisorderASDorpanicdisorderand/orMDDora 

relateddepressivedisorderincludingdysthymia, 0 

cyclothymiabipolardisordertypesIandII, 
adjustmentdisorderorbereavement).  

1001851 Inoneembodimentthiscanbeaccomplishedbycomparingthebaseline 

measurementsinaspecificpatientofeithersymptom-specificsegmentsordisease-specific 

segmentsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 

subregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.  

1001861 Inoneembodimentthiscanbeaccomplishedbycomparingthemeasurementsina 

specificpatientofeithersymptom-specificsegmentsordisease-specificsegmentsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

againstastandardcontrol.  

1001871 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertostageorgradeaspecificdiseaseorsymptomand 

differentiateorclassifythisinformationinapatient.Forexamplethismaybeusedto 

determinethestageofPTSDASDPanicdisorderorarelatedstressdisorderinaspecific 
0 

patient 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 
0 

canbeusedasanon-invasivebiomarkertodeterminethecurrentseverityofsymptomsina 
patientincludinghyperarousalsleepdisturbancesandnightmares.  

1001891 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 
0 

canbeusedasanon-invasivebiomarkertopredictthedevelopmentofnewsymptomsthatthe 
patienthasnotyetdeveloped.  

1001901 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertopredicttheseverityofcurrentsymptomspredict 

thefuturedevelopmentofadiseasecourseorpredicttheresponseofeitheraspecificsymptom 

ortheresponseofthediseaseasawholeresponsetotreatmentandfunctionasanon-invasive 

36 
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prognosticbiomarker.Thesetreatmentsmayincludestellateganglionblockvagusnerve 

stimulationvenlafaxinebetablockerprazosinbrexpiprazoleandaripiprazoleiloperidone 

and3,4-Methylenedioxymethamphetamine(MDMA), selectiveserotoninreuptakeinhibitors 

(SSRJs),SNRIsNMDAantagonistsincludingketamine.  

1001911 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertomonitorresponsetotreatmentforeitheraspecific 

symptomoradiseasestateasawhole.Thesetreatmentsmayincludestellateganglionblock'I 

vagusnervestimulationvenlafaxinebetablockerprazosinbrexpiprazoleandaripiprazole 

iloperidone and 3,4-Methylenedioxymethamphetamine (MDMA), selective serotonin 

reuptakeinhibitors(SSRJs),SNRIsNMDAantagonistsincludingketamine.  

1001921 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertoguidetheselectionofthecorrecttreatmentfor 

eitheraspecificsymptomoradiseasestateasawhole.Thesetreatmentsmayincludestellate 

ganglionblockvagusnervestimulationvenlafaxinebetablockerprazosinbrexpiprazoleand 

aripiprazoleiloperidoneand3,4-Methylenedioxymethamphetamine(MDMA),selective 

serotoninreuptakeinhibitors(SSRJs),SNRIsNMDAantagonistsincludingketamine.  

1001931 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertodeterminethestatusoftreatmentanddetermineif 

stateasawhole.Thesetreatmentsmayincludestellateganglionblockvagusnervestimulation 

venlafaxinebetablockerprazosinbrexpiprazoleandaripiprazoleiloperidoneand3,4

Methy1enedioxymethamphetamine(MDMA), selectiveserotoninreuptakeinhibitors(SSRIs), 

SNRIsNMDAantagonistsincludingketamine.  

1001941 Inoneembodimenteithersymptom-specificsegmentsordisease-specificsegments 

orneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregions 

canbeusedasanon-invasivebiomarkertopredictthefutureresponsetotreatmentforeithera 

specificsymptomoradiseasestateasawhole.Thesetreatmentsmayincludestellateganglion 

blockvagusnervestimulationvenlafaxine betablockerprazosin brexpiprazoleand 

aripiprazoleiloperidoneand3,4-Methylenedioxymethamphetamine(MDMA),selective 

serotoninreuptakeinhibitors(SSRIs),SNRIsNMDAantagonistsincludingketamine.  

1001951 Inanyembodimentcomparisonsmaybemadebetween: 
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1001961 Thebaselinemeasurementsinaspecificpatientofeithersymptom-specific 

segmentsordisease-specificsegmentsorneuromelaninconcentrationsorneuromelanin 

volumesofspecificregionsorsubregionsagainstfuturemeasurementsofthesevaluesinthe 
4 

samepatient.  

1001971 themeasurementsinaspecificpatientofeithersymptom-specificsegmentsor 

disease-specificsegmentsorneuromelaninconcentrationsorneuromelaninvolumesof 

specificregionsorsubregionsagainstastandardcontrol.  

1001981 Themeasurementsinaspecificpatientofeithersymptom-specificsegmentsor 

disease-specificsegmentsorneuromelaninconcentrationsorneuromelaninvolumesof 

specificregionsorsubregionsmaybecombinedinouralgorithmwithinformationfroma 

secondimagingtestincludingPETimagingfMRIandBOLDtoobtainamoreaccurate 

diagnosis.  

1001991 InsomeembodimentsthelevelofNMintheSNcismeasuredwiththevoxelbased 

algorithmandthelevelofNMintheLCismeasuredviathesegmentedbasedalgorithm.These 

tworeadingstogetherenableamoreprecisediagnosisthanusingeitherreadingalone.  

1002001 Insomeembodimentstheconcentrationvolume, signaland/orlevelof 

neuromelaninintheSNcismeasuredwithavoxelbasedalgorithm.  

1002011 Insomeembodimentstheconcentrationvolumesignal, and/orlevelof 

neuromelaninintheLCismeasuredviaasegmentedbasedalgorithm.  

1002021 Insomeembodimentstheconcentrationvolumesignaland/orlevelof 

neuromelaninintheSNcismeasuredwiththevoxelbasedalgorithmandthelevelofNMin 

1002031 Insomeembodimentscombiningthetwomeasurementsenablesamoreprecise 

diagnosisthanusingeithermeasurementalgorithmalone.Insomeembodimentscombining 

thetwomeasurementsenablesdistinguishingbetweendiagnosescomparedtousingeither 

measurementalgorithmalone. Insomeembodimentscombiningthetwomeasurements 

enablesdistinguishingbetweensimilardiagnosesandselectingamoreusefultreatment 

regimencomparedtousingeithermeasurementalgorithmalone.  

1002041 Insomeembodimentstheabsolutedifferencebetweenthedegreeofreductionin 

neuromelaninvolumesignalorconcentrationinatheSNcandtheLCinagivenpatient 

comparedtoacontrolisproportionaltotheprogressionand/orseverityofParkinson'sdisease.  

1002051 Insomeembodimentsthedegreeofincreaseinneuromelaninvolumesignalor 

concentrationintheSNcandLCofagivenpatientcomparedtoacontrolisproportionaltothe 
'I 

improvementand/orefficacyofParkinsonsdiseaseprogressionand/ortreatment.  
38 
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1002061 Insomeembodimentsthestandardcontrolisalevelofneuromelaninpresentat 

approximatelythesamelevelsinapopulationofsubjectsorthestandardcontrolis 

approximatelytheaveragelevelofneuromelaninpresentinapopulationofsubjects.  

1002071 InsomeembodimentsthepresentdisclosurecorrelatesParkinsonsvoxelswith 

Parkinson'ssymptomsasmeasuredbyUPDRSdemonstratesthattheapplicationofthevoxel

basedanalysismethodlocatesspecificvoxels(termedPDvoxels)uniquetoeachpatientthat 

correlatewiththeirspecificsymptomsonUPDRS9 determinesthecorrelationbetweenthe 

changeinneuromelaninmeasuresafterinitiationofL-DOPAtherapyandimprovementin 

UPDRSscores determinesthedifferencesinneuromelaninmeasures(e.g.totalNM 

concentration(microgramneuromelaninpermicrogramwettissue)insubstantianigrapars 

compacta(SNc),NMconcentrationinthesubregionsSNcvolumeofneuromelanininthetotal 

SNcvolumeofsubregionsoftheSNc)inapatientwithPDfromthenormalrangeofthe 

controlgroup;determinesthedifferenceinneuromelaninlevelsfromacontrolgroupthat 

wouldwarrantadiagnosisofPDcorrelatesthechangeinneuromelaninmeasuresafter 

initiationofL-DOPAtherapyandimprovementinUPDRSscoresdeterminesthelevelof 

neuromelaninincreasethatresultsinimprovementinUPDRStovalidatethatNMlevelscan 

beusedtomonitorresponsetotreatment;correlatesParkinson'svoxelswithParkinsons 

symptomsmeasuredviaUPDRS , appliesthevoxelbasedanalysismethodtofind 

specificvoxels(termedPDvoxels)uniquetoeachpatientthatcorrelatewiththeirspecific 

symptomsonUPDRScorrelationbetweenNM-MRIscansandbothDaTscanandUPDRS 

scores.  

isenhancedwhencombinedwithdataonNMsegmentsintheLCobtainedwiththesegmented 

basedalgorithm.  

1002091 Inoneembodimentaregionofinterestisdeterminedandvoxelsthatcoverthat 

regionaremeasuredtodeterminethevolumeofneuromelanininthatarea.  

1002101 Inoneembodimenttheregionofinterestissubdividedandvoxelsthatcoverthe 

subregionsaremeasuredtodeterminethevolumeofneuromelanininthatarea.  

1002111 Inoneembodimentthesevoxelsarecomparedtoareferencedatasetandusedto 

computetheconcentrationofneuromelaninintheregionofinterestorsubregionswithinthe 

regionofinterest.  

1002121 Inoneembodimentthesevoxelsarecomparedtoareferencedatasetandusedto 

computethetotalamountofneuromelaninintheregionofinterestorsubregionswithinthe 

regionofinterest.  
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1002131 Inoneembodimentmultiplecomparisonsareperformedbetweenallofthevoxels 

identifiedintheregionofinterestandspecificsymptomsorscalesofsymptomseverityor 

diseasestatesordemographicinformationorotherpatientordisease-specificinformation 

andassociationsarefoundbetweenasubgroupofindividualvoxelsandaspecificsymptomor 

levelofsymptomseverityonadiseasemonitoringscale.Thesearetermedsymptom-specific 

voxels.InsomeembodimentstheabilityisenhancedwhencombinedwithinformationonNM 

levelsinsegmentsintheLCasdeterminedbythesegmentedbasedalgorithm 

1002141 Inoneembodimentmultiplecomparisonsareperformedbetweenallofthevoxels 

identifiedintheregionofinterestandspecificdiseasediagnosesordemographicinformation 

orotherpatientordisease-specificinformationandassociationsarefoundbetweenasubgroup 

ofindividualvoxelsandtheconditionofbeingdiagnosedwithaspecificdisease.Theseare 

termeddisease-specificvoxelsandinoneexamplemaycompriseParkinsons-disease-specific 

voxels.ThisabilityisenhancedwhencombinedwithinformationonNMlevelsinsegmentsin 

theLCasdeterminedbythesegmentedbasedalgorithm 

1002151 Inoneembodimentthesesymptom-specificordisease-specificvoxelshave 

similaritiesacrossmultiplepatientswiththesamesymptominthecontextofthesamedisease 

andcanbeusedtomakecompansonsbetweenmultiplepatientswiththesamedisease(for 

exampletwopatientswithParkinson'sdiseasewhobothhavethesymptomofpsychomotor 

slowing).Inthiscasethesimilaritiesbetweenpatientsmaybecomparedandthesymptom 

specificvoxelsmayfunctionasadiagnosticbiomarker.Thisabilityisenhancedwhen 

combinedwithinformationonNMlevelsinsegmentsintheLCasdeterminedbythe 

1002161 Inoneembodimentthesesymptom-specificordisease-specificvoxelshave 

differencesbetweenpatientswiththesamesymptomoccurringinthecontextofdifferent 

diseases.Inthiscasedifferencesbetweenthesymptomspecificvoxelscanbeusedto 

differentiatedbetweentwodifferentdisorderssharingthesamesymptom.Thisabilityis 

enhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLCasdetermined 

bythesegmentedbasedalgorithm 

1002171 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkerto 4 diagnosticinformationtodiagnosethe 

presenceofaspecificdisease(inthiscaseParkinsonsdiseaseorarelateddisordersuchas 

MSAPSPParkinsonismsymptomsdyskinesiadystoniaoressentialtremor.Thisabilityis 
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enhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLCasdetermined 

bythesegmentedbasedalgorithm 

1002181 Inoneembodimentthiscanbeaccomplishedbycomparingthebaseline 

measurementsinaspecificpatientofeithersymptom-specificvoxelsordisease-specific 

voxelsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 

subregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.Thisabilityis 

enhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLCasdetermined 

bythesegmentedbasedalgorithm 

1002191 Inoneembodimentthiscanbeaccomplishedbycomparingthemeasurementsina 

specificpatientofeithersymptom-specificvoxelsordisease-specificvoxelsorneuromelanin 

concentrationsorneuromelaninvolumesofspecificregionsorsubregionsagainstastandard 

control.ThisabilityisenhancedwhencombinedwithinformationonNMlevelsinsegments 

intheLCasdeterminedbythesegmentedbasedalgorithm 

1002201 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertodeterminediagnosticinformationtonile-outthe 

presenceofarelateddisorderordifferentiatebetweenrelateddisorderssuchasParkinsons 
diseaseandMSAPSPParkinsonismsymptomsdyskinesia, 9 

dystoniaoressentialtremor.This 

abilityisenhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLCas 

determinedbythesegmentedbasedalgorithm 

1002211 Inoneembodimentthiscanbeaccomplishedbycomparingthebaseline 

voxelsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregionsor 

subregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.Thisabilityis 

enhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLCasdetermined 

bythesegmentedbasedalgorithm 

1002221 Inoneembodimentthiscanbeaccomplishedbycomparingthemeasurementsina 

specificpatientofeithersymptom-specificvoxelsordisease-specificvoxelsorneuromelanin 

concentrationsorneuromelaninvolumesofspecificregionsorsubregionsagainstastandard 

control.ThisabilityisenhancedwhencombinedwithinformationonNMlevelsinsegments 

intheLCasdeterminedbythesegmentedbasedalgorithm 

1002231 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertostageorgradeaspecificdiseaseorsymptomand 
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differentiateorclassifythisinformationinapatient.Forexamplethismaybeusedto 

determinethestageofPDorarelatedmotordisorderinaspecificpatientThisabilityis 

enhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLCasdetermined 

bythesegmentedbasedalgorithm 

1002241 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertodeterminethecurrentseverityofsymptomsinapatient.  

ThisabilityisenhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLC 

asdeterminedbythesegmentedbasedalgorithm 

1002251 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertopredictthedevelopmentofnewsymptomsthatthe 

patienthasnotyetdeveloped.Thisabilityisenhancedwhencombinedwithinformationon 

NMlevelsinsegmentsintheLCasdeterminedbythesegmentedbasedalgorithm 

1002261 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertopredicttheseverityofcurrentsymptomspredictthe 

futuredevelopmentofadiseasecourseorpredicttheresponseofeitheraspecificsymptomor 

theresponseofthediseaseasawholeresponsetotreatmentandfunctionasanon-invasive 

prognosticbiomarker.ThisabilityisenhancedwhencombinedwithinformationonNMlevels 

insegmentsintheLCasdeterminedbythesegmentedbasedalgorithm 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertomonitorresponsetotreatmentforeitheraspecific 

symptomoradiseasestateasawhole.Thisabilityisenhancedwhencombinedwith 

informationonNMlevelsinsegmentsintheLCasdeterminedbythesegmentedbased 

algorithm 

1002281 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertoguidetheselectionofthecorrecttreatmentforeithera 

specificsymptomoradiseasestateasawhole.Thisabilityisenhancedwhencombinedwith 

informationonNMlevelsinsegmentsintheLCasdeterminedbythesegmentedbased 

algorithm 
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1002291 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasanon-invasivebiomarkertodeterminethestatusoftreatmentanddetermineifan 

adequateresponsetotreatmenthasbeenobtainedforeitheraspecificsymptomoradisease 

stateasawhole.ThisabilityisenhancedwhencombinedwithinformationonNMlevelsin 

segmentsintheLCasdeterminedbythesegmentedbasedalgorithm 

1002301 Inoneembodimenteithersymptom-specificvoxelsordisease-specificvoxelsor 

neuromelaninconcentrationsorneuromelaninvolumesofspecificregionsorsubregionscan 

beusedasa 9 biomarkertopredictthefutureresponsetotreatmentforeithera 

specificsymptomoradiseasestateasawhole.Thisabilityisenhancedwhencombinedwith 

informationonNMlevelsinsegmentsintheLCasdeterminedbythesegmentedbased 

algorithm 

1002311 Inanyembodimentcomparisonsmaybemadebetween: 

1002321 Thebaselinemeasurementsinaspecificpatientofeithersymptom-specificvoxels 

ordisease-specificvoxels orneuromelaninconcentrationsorneuromelaninvolumesof 

specificregionsorsubregionsagainstfuturemeasurementsofthesevaluesinthesamepatient.  

ThisabilityisenhancedwhencombinedwithinformationonNMlevelsinsegmentsintheLC 

asdeterminedbythesegmentedbasedalgorithm 

1002331 themeasurementsinaspecificpatientofeithersymptom-specificvoxelsordisease

specificvoxelsorneuromelaninconcentrationsorneuromelaninvolumesofspecificregions 

orsubregionsagainstastandardcontrol.Thisabilityisenhancedwhencombinedwith 

algorithm.  

1002341 Insomeembodiments anymethoddiscussedhereinwithregardtoasingle 

neurologicalconditioncanbeappliedtoanyotherneurologicalcondition.  

1002351 LC and SNc Dual Analysis 

1002361 Inoneembodimenttheprognosisand/ordiagnosisofoneormoreneurological 

conditionscanbedeterminedusinganyofthemethodsdiscussedhereinaccordingtothe 

followingtable: 

Neurological SNcNMlevel LCNMleveldetermined 
Condition/Indication determinedwiththe withthesegmentedbased 

voxelbasedalgorithm algorithm 

Schizophreniawith Thehigherthelevel Normal/Unchanged 
psychoticsymptoms themoreseverethe 
(prognostic) symptoms _________________________________ 

43 

informationonNMlevelsinsegmentsintheLCasdeterminedbythesegmentedbased



WO20221104288 PCT/IJS2021/059590 

Cocaineusedisorder Highabout1400 Trendtolow 

(diagnostic) change;rangeabout 

_________________________ 1000 toabout_200o __________________________ 

Parkinsonsdisease Low(about2300 Normal/Unchanged 
(diagnostic) reduction)change 

(reduction)above 
_________________________about_1O'~o __________________________ 
Alzheimersdiseasewithout Normal/Unchanged Lowlessthan(Rangefrom 
neuropsychiatricsymptoms about1O~otoabout150o 
(diagnostic) _________________________ lower) 
Alzheimersdisease Thelowerthelevelthe Thehigherthelevelthemore 
neuropsychiatricsymptoms moreseverethe severethesymptoms 
controllingfortheseverity symptoms 
oftheillness_(prognostic) _____________________________________________________ 

0 0 0 Majordepressivedisorder Normal/Unchanged ThelowertheNMlevelthe 
(prognostic) _________________________more severe the symptoms 
PTSD(diagnosticand Normal/Unchanged High(about190ohigher) 
prognostic) 

Rangegreaterthan(about~000 
- about2 5 0 oincrease) 

AlsothehighertheNMlevel 
______________________________________________________the more severe the symptoms 

1002371 InsomeembodimentsdeterminingchangesintheNMlevel volumeor 

concentrationofboththeLCandSNcprovidediagnosticorprognosticinformationwherein 

theLCneuromelaninisdeterminedbyasegmentedapproachandtheSNcneuromelaninis 

determinedbyavoxelwiseapproach.  

1002381 Insomeembodimentsaccordingtoanyofthemethodsdescribedhereinthe 

changesdetectedbetweenNM-MRIscansoragainstastandardcontrolareusedtodiagnosea 

1002391 Insomeembodimentsaccordingtoanyofthemethodsdescribedhereinthe 

changesdetectedbetweenNM-MRIscansoragainstastandardcontrolareusedtoprovidea 

prognosisaneurologicalconditionaccordingtotheTableabove.  

1002401 ComputerBasedAnalysis 

1002411 Exemplaryproceduresinaccordancewiththedisclosuredescribedhereincanbe 

performedbyacloud-basedprocessingarrangementand/oracomputingarrangement(e.g., 

computerhardwarearrangement).Suchprocessing/computingarrangementcanbefor 

exampleentirelyorapartoforincludebutnotlimitedtoacomputer/processorthatcan 

includeforexampleoneormoremicroprocessorsanduseinstructionsstoredonacomputer

accessiblemedium(e.g., RAMROMharddriveorotherstoragedevice).  
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1002421 Forexampleacomputer-accessiblemedium(e.g.,asdescribedhereinabovea 

storagedevicesuchasanenciyptedcloudfileharddiskfloppydiskmemorystickCD-ROM 
9 

RAMROMetc.,oracollectionthereof)canbeprovided(e.g., incommunicationwiththe 

processing arrangement). The computer-accessible medium can contain executable 

instructionsthereon.Inadditionoralternativelyastoragearrangementcanbeprovided 

separatelyfromthecomputer-accessiblemediumwhichcanprovidetheinstructionstothe 

processingarrangementsoastoconfiguretheprocessingarrangementtoexecutecertain 

exemplatyproceduresprocessesandmethodsasdescribedhereinaboveforexample.  

1002431 Furthertheexemplaiyprocessingarrangementcanbeprovidedwithorincludean 

input/outputportswhichcanincludeforexampleawirednetworkawirelessnetworkthe 

internetanintranetadatacollectionprobeasensoretc. Theexemplaryprocessing 

arrangementcanbeincommunicationwithanexemplarydisplayarrangementwhich 

accordingtocertainexemplaryembodimentsofthepresentdisclosurecanbeatouch-screen 

configuredforinputtinginformationtotheprocessingarrangementinadditiontooutpufting 

informationfromtheprocessingarrangementforexample.Furthertheexemplarydisplay 

arrangementand/orastoragearrangementcanbeusedtodisplayand/orstoredatainauser

accessibleformatand/oruser-readableformat.  

EXAMPLES 

1002441 Thedisclosureisfurtherillustratedbythefollowingexampleswhicharenottobe 

construedaslimitingthisdisclosureinscopeorspilttothespecificproceduresherein 

embodimentsandthatnolimitationtothescopeofthedisclosureisintendedthereby.Itisto 

befurtherunderstoodthatresortcanbehadtovariousotherembodimentsmodificationsand 

equivalentsthereofwhichcansuggestthemselvestothoseskilledintheartwithoutdeparting 

fromthespiritofthepresentdisclosureand/orscopeoftheappendedclaims.  

1002451 Example 1: Correlation of neuromelanin-sensitive MRI signal in the locus 

coeruleus to cortical tau proliferation and neuropsychiatric symptoms 

1002461 Neuropsychiatricsymptoms(NPS)areacommonandburdensomeaspectof 

Alzheimer'sdisease(AD).Managingsuchsymptomsmoresothancognitivedeficitsalone 

oftenrequiresresidentialcare.Whilesomeofthesesymptomsmaynotemergeuntillater 

illnessstagesotherscanemergeatprodromalorevenpremorbidstages.EffectiveNPS 

treatmentattheearlieststagescouldslowtheirprogressionandminimizeassociated 

45 

described. Itistobeunderstoodthattheexamplesareprovidedtoillustratecertain



WO20221104288 PCT/IJS2021/059590 

complications.Themostcommonexistingtreatmentsantidepressantsorantipsychoticshave 

variableefficacyperhapsduetothefailuretotargettheneurobiologicalcauseofthesymptoms 

foragivenpatient.  

1002471 ADpathophysiologyandNPS:Thephysiologicalmechanismunderlyingthese 

symptomsispoorlyunderstood.Theymayberelatedtokeypathophysiologicalchanges 

occurnnginADincludingtheaccumulationofJ3-amyloidandphosphorylatedtau.Tauand 

amyloidloadinADpatientshavebeenfoundtocorrelatetoaggressionpsychosisandother 

NPS.TheLCtheprimarysiteofnoradrenalineneuronsbeginstodegenerateearlyinADand 

isthefirstbrainregiontoaccumulatehyperphosphorylatedtauproteinsatBraakstage0 

Compensatorychangesoccurinthenoradrenergicsystemtorestorebalancepossiblyeven 

leadingtohyperactivityinremainingLCneurons.Thenoradrenergicsystemisbecominga 

majortargetofinterestintreatmentofADespeciallyregardingNPS.Noradrenergic 

disturbancescorrelatetoNPSinADandmayhaveacausalrolebecausesymptomsof 

agitation/aggressionanddepressionrespondtotreatmentwithnoradrenergicdrugs.Regarding 

thedirectionoftherelationshipdepressivesymptomsinADhavebeenlinkedtoLC 

degenerationandlownoradrenergicfunctionwhiletotalaggressiveandpsychoticsymptoms 

inADhavebeenlinkedtohighorpreservednoradrenergicfunction.Ourstudyexaminingthese 

characteristicpathophysiologicalADfeatureswillbestronglypositionedtoextendexisting 

modelofhowtheseinsultsinteracttopromoteNPSatearlyillnessstages.  

1002481 AdvancedneuroimagingmeasuresofADpathophysiology:AdvancesinMMand 

PETimagingallowmeasurementofLCdegenerationandf3-amyloidandtauloadinanatomical 

than300PETscanshavebeensuccessfullycollectedusingthetracers[1SF]AZD4694(for 

amyloid)and[1SF]MK6240(fortawseeFig.1).ThesevalidatedtracersallowinvivoAD 

diagnosisandBraakStaging.OurgrouphasvalidatedNM-Mmasameasureofthestructure 

andfunctionofcatecholamineneurons.AsseeninFig.1,NM-Mmcapturesdegenerationof 

thenoradrenergicsysteminADasalossofsignal(secondarytolossofneuromelaninpigment) 

intheLC.AcaveatinLCNM-Mmisthesmallsizeofthisstructure(cross-sectionaldiameter 

of1-2mmFig.1)whichisatthelimitofwhatcanbedetectedusinghighfield(3Tesla)MRJ.  

Recentadvanceshavedevelopedultra-highfield(7T)NM-Mmsequencesthatincreaseimage 

resolution(5.5xinourcase)andtherebyreducemeasurementnoise(Fig.3).Whilenostudies 

haveyettestedtheadvantagesof7TNM-MminADat3TthismethodnotonlyrevealsLC 

degenerationinADbutinotherpopulationsitcorrelatestosymptomsresemblingNPS 

includingdepressionsleepdisturbanceandautonomicregulation.  
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1002491 CombiningtheseadvancedneuroimagingmethodswithassessmentofNPSusinga 

highlysensitiveinstrumentdesignedforusepriortodementiaonset(MBJ)willallowusto 

modelmechanismsthroughwhichAD-associatedbrainchangesleadtotheemergenceofNPS 

acrossillnessstages.  

1002501 Participantsandclinicalmeasures 

1002511 StudyparticipantsfromthecommunityoroutpatientsattheMcGillUniversity 

ResearchCentreforStudiesinAgingwereenrolledintheTranslationalBiomarkersofAging 

andDementia(TRIAD)cohortMcGillUniversityCanada.Thecohortparticipantshada 

detailedclinicalassessmentincludingtheClinicalDementiaRating(CDR)andMini-Mental 

StateExamination(MMSE).Cognitivelyunimpairedparticipantshadnoobjectivecognitive 

impairmentandaCDRscoreof0.Mildcognitiveimpairment(MCI)individualshadsubjective 

andobjectivecognitiveimpairmentspreservedactivitiesofdailylivingandaCDRscoreof 

0.5.Patientswithmild-to-moderatesporadicAlzheimersdiseasedementiahadaCDRscore 

between0.5and2,andmettheNationalInstituteonAgingandtheAlzheimer'sAssociation 

criteriaforprobableAlzheimersdiseasedeterminedbyaphysician(McKhannetal 2011).  

Sporadicearly-onsetAlzheimer'sdiseasedementiawereindividualswithdementiaonset 

before65years(Snowdenetal 2011).Participantswereexcludediftheyhadinadequately 

treatedconditionsactivesubstanceabuserecentheadtraumaormajorsurgeryoriftheyhad 

MM/PET safety contraindication. Alzheimers diseasepatients didn't discontinue 

medicationsforthisstudy.  

1002521 NPSseveritywasassessedusingtheMildBehavioralImpairmentChecklist(MBI

informantmostfrequentlytheirspouse.TheMBJ-Ciscomposedof34questionsand 

subdividedintofivedomains:(1)decreaseddriveandmotivation(apathy),(2)affective 

dysregulation(moodandanxietysymptoms),(3)impulsedyscontrol(agitationimpulsivity, 

andabnormalrewardsalience),(4)socialinappropriateness(impairedsocialcognition),and 

(5)abnormalperceptionandthoughtcontent(psychoticsymptoms).Eachquestionisanswered 

with"Yesor'¶Nio,"andaseverityratingisaccordedtoeachquestionanswered"YesI,, ofeither 

1 1d,2 moderateor3 severe.Tobegivena"Yes"ratingsymptomsmusthave 

persistedforatleast6months.ThisstudywasapprovedbytheDouglasMentalHealth 

UniversityInstituteResearchEthicsBoardandMontrealNeurologicalInstitutedPETworking 

committeeandwritteninformedconsentwasobtainedfromallparticipants.  

1002531 Table1.Clinicalanddemographicmeasures 

47 

C http://www.MBJtest.org).TheMBJ-Cwascompletedbytheparticipantsprimary



WO20221104288 PCT/IJS2021/059590 

PValue 

CN MCI AD CNvs. MCIvs.  

Characteristic 112) 51) 28) CNvs.AD MCI AD 

Agemean 
72.0(5.9) 72.5(7.2) 67.1(8.9) <.001 .63 .004 

(SD),y 

MaleNo.(0 o) 36(32.1) 22(43.1) 12(42.9) .29 .17 .98 

Education, 
15.6(3.6) 14.3(3.5) 15.0(3.7) .45 .03 .38 

mean(SD),y 

CDRscore, 
0.1(0.2) 0.2(0.3) 0.5(0.6) <.001 .009 .01 

mean(SD) 

MMSEscore, 
<.001 <.001 <.001 

mean(SD) 29.3(0.9) 28.0(1.8) 20.9(5.9) 

MBJtotal 

scoremean 2.4(5.4) 7.5(8.4) 13.0(9.8) <.001 <.001 .01 

(SD) 

Beta-amyloid 

positiveNo. 28(25.5) 31(60.8) 28(100.0) <.001 <.001 <.001 
(Oo) 

Tau-positive 24(218) 19(373) 26(929) <.001 .04 <.001 

1002541 MRIAcquisition 

1002551 AllneuroimagingdatawereacquiredattheMontrealNeurologicalInstitute.  

Magneticresonance(MR)imageswereacquiredona3TPrismascanner.NM-Mmimages 

werecollectedviaaturbospinecho(TSP)sequencewiththefollowingparameters:repetition 

time(TR) 600 , echotime(TB) 10mwfiipangle 12 , n-planeresolution 0.7x0.7 

mm2 ,partialbraincoveragewithfieldofview(FoV) 165x220;numberofslices 20,slice 

thickness 1.8 , numberofaverages 7,acquisitiontime 8.45mm.Theslice

prescriptionprotocolconsistedoforientingtheimagestackalongtheanterior-commissure
4 

posterior-commissurelineandplacingthetopslice3mmabovethefloorofthethirdventricle 
viewedonasagittalplaneinthemiddleofthebrain.Whole-brainhigh-resolutionTi-weighted 

MMimageswerealsoacquiredforpreprocessingoftheNM-MmandPETdatausingan 

MPRAGEsequence(inversiontime 1050insTR2500,TB 1.69insflipangle 70,FoV 
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192>< 192,matrix 192x256,numberofslices 256slicesisotropicvoxelsize 1mm 

acquisitiontime 5.47mm).QualityofMRIimageswasvisuallyinspectedforartifacts 

immediatelyuponacquisitionandscanswererepeatedwhennecessarytimepermitting.  

1002561 PreprocessingofNM-MRIimages 

1002571 InitialpreprocessingstepswereperformedasinourpriorworkexaminingNM

MMsignalfromthesubstantianigra(5)usingSPM12.AlthoughfinalanalysesofLCsignal 

wereperformedonnative-spaceNM-Mmimagesitwasnecessarynonethelesstospatially 

normalizetheNM-MmimagestoregisterauniversalLCsearchspacefromMNJspaceto 

nativespaceforeachparticipant.NM-MMscanswerefirstcoregisteredtoparticipantsI, Ti

weightedscans.TissuesegmentationwasthenperformedusingtheTi-weightedimages.NM

MMscanswerenormalizedtoMMspaceusingDARTELroutineswithagray-andwhite

mattertemplategeneratedfromallstudyparticipants.Theresampledvoxelsizeofthese 

normalizedNM-Mm~was1mmisotropic.Allimageswerevisuallyinspectedaftereach 

ofthesesteps.AvisualizationtemplatewascreatedbyaveragingthespatiallynormalizedNM

MMimagesfromallparticipants.  

1002581 SubsequentstepsweredevelopedusingcustomMatlabscriptstospecifically 

examinetheLCsignal.Anover-inclusiveLCmaskwasdrawnoverthevisualizationtemplate 

tocoverthehyperintensevoxelsattheanterior-lateraledgeofthe 4 thventriclespanning15mm 

intherostrocaudalaxis(fromMiMIspacecoordinatesz- 16to-31 seeFigure1).The 

rostrocaudallimitsweresetbycrossreferencingdistancetoanatomicallandmarks(inferior 

collicusonrostralendandposteriorrecessof4~ventricleoncaudalend)inbrainatlases.A 

Theover-inclusivewholeLCmaskandthedividedmaskswerethenwarpedtonativespace 

usingtheinverseoftheflowfieldsgeneratedinthespatialnormalizationstepandresampled 

toNM-MRJimagespace.Thewarpedover-inclusivewholeLCmaskcouldthenbeusedto 
defineasearchspacewithinwhichtofindtheLCforeachparticipant.A 9 

cluster-forming 

algorithmwasusedtosegmenttheLCwithinthisspacedefinedasthe4adjacentvoxels(1.96 

mm2 )withthehighestmeansignal.ThisoperationwasrepeatedfortherightandleftLC.  

Contrast-to-noiseratio(CNR)foreachvoxelvinagivenaxialslicewascalculatedasthe 

relativedifferenceinNM-MMsignalintensityIfromareferenceregionRRinthesameslice 

as:CNRV (4 mode(IRR))/mode(IRR). Areferencewasusedfromregionknowntohave 

lowNMconcentrationthecentralponsdefinedbyacircleofradius11.6mmandcentered 

32.6mmfromtheaxisconnectingrightandleftLC.Everyaxialsliceinnativespacewas 

identifiedasbelongingtooneof5rostrocaudalLCsegmentsbasedonwhichofthe5divided 
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LCmaskswaspresentontheslice(if2ofthesemaskswerepresentonthesameslicetheLC 

segmentwasdefinedbythemaskcoveringthemostLCvoxels).LCsignalwascalculatedfor 

eachofthefivesegmentsbyaveragingNM-MmCNRvaluesfromthebrightestvoxelonevery 

sideandeveryslicethatwasdeterminedtofallwithinthatsegment.Thebrightestvoxelper 

slicewasselectedratherthantheaverageofallLCvoxelstominimizepartialvolumeeffects.  

1002591 PETAcquisitionandAnalysis 

1002601 Allindividualshad' 8 F-AZD4694and' 8 F-MK-6240PETscansacquiredwitha 

brain-dedicatedSiemensHighResolutionResearchTomograph.Seepreviousstudiesformore 

detailedPETmethodsTautangle' 8 F-MK-6240imageswereacquiredat90-110mmafterthe 

intravenousbolusinjectionofthetracerandwerereconstructedusinganOSEMalgorithmon 

a4Dvolumewithfourframes(4300s)(Pascoaletal 2018b).Amyloid-b' 8 F-AZD4694 

imageswereacquiredat40-70millaftertheintravenousbolusinjectionofthetracerandscans 

werereconstructedwiththesameOSEMalgorithmona4Dvolumewiththreeframes(3600 

s)(Cselenyietal.,2012).AttheendofeachPETacquisitiona6-mm transmissionscanwas 

conductedwitharotating137Cspointsourceforattenuationcorrection.Theimageswere 

additionallycorrectedformotiondeadtimedecayandrandomandscatteredcoincidences.  

BrieflyTi-weightedMRIswerenon-uniformityandfielddistortionscorrected.PETimages 

werethenautomaticallyregisteredtoT1-weightedimagespaceandtheT1-weightedimages 

werelinearlyandnon-linearlyregisteredtotheMNJreferencespace(Mazziottaetal 1995).  

PETimagesweremeningesandskullstnppedandnon-linearlyregisteredtotheMINIspace 

usingthetransformationsfromtheTi-weightedimagetoMMspaceandfromthePETimage 

AZD4694SUVRusedtheinferiorcerebellumandwholecerebellumgreymatterasthe 

referenceregionrespectively(Cselenyietal,, 'I 

2Q12'PascoaletaL,2018b).PETimageswere 
spatiallysmoothedtoachieveafinalS-mmfull-widthathalf-maximumresolutionGlobal' 8 F

AZD4694SUVRvalueswereestimatedforthewholecortex(Pascoaletal4~ 201Sa).'8 F-MK

6240SUVRvalueswereestimatedforBratstageregionsproposedbyBraak(Braakand 

Braak,1991,1997Braaketal.,2Q06'Braaketal.,201kBraakI(transentorhinal),BratII 

(entorhinalandhippocampus),BraakIII(amygdalaparahippocampalgymsfusiformgyms 

lingualgyrus),BraakIV(insulainferiortemporallateraltemporalposteriorcingulateand 

inferiorparietal),BraakV(orbitofrontalsuperiortemporalinferiorfrontalcuneusanterior 

cingulatesupramarginalgyruslateraloccipitalprecuneussuperiorparietalsuperiorfrontal, 

rostromedialfrontal),andBraakVI(paracentralpostcentralprecentralandpericalcarine)).  

Subjectsweredividedinto3groupsbasedonBraakstage:taunegative(' 8 F-MK-6240SUVR 
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inBraakregion1<1.2),Braakstage1positive(' 8 F-MK-6240SUVRinBraakstage1regions 

>1.2thesecaseswouldbeatBraakstage1or2),andBraakstage3positive(' 8 F-MK-6240 

SUVRinBraakstage3regions>1. 5thesecaseswouldbeatBraakstage3orhigher).There 

werenodiscordantcaseswheretauwasabovethresholdinstage3regionsbutnotstage1 

9 

1002611 StatisticalAnalysis 

1002621 Statisticaltestsrelatingfinalimagingmeasurestoeachotherandtoclinical 

measureswereperformedonMatlabsoftware.TheseincludedANCOVAswithTukey'spost

hoctestslinearregressionanalysesandpartialSpearmancorrelations.Seeresultsfordetails 

ofthespecificmodelsused.Voxel-wisestatisticson' 8 F-MK-6240SUVRmapswere 

performedusingMatlabsoftwareversion9.2(http://www.mathworks.com)withVoxelStats 

package(Mathotaarachchietal., 2016).  

1002631 Results 

1002641 LCNM-MRIsignalandBraakstage 

1002651 FirstthefactLCNM-MmsignalwasreducedinADwasconfirmed.TheLCNM

MMsignalwasexaminedaveragedthroughoutthewholeLCin191olderindividualswho 

weredividedbasedoncognitivestatus(with2levels:cognitivelynormalandcognitively 

impaired(ADandMCIindividuals))andtau-status(with3levels:taunegativetaupositivein 

Braakregion1(thresholdSUV 1.2inregion1ROJ),andtaupositiveinBraakstage3region 

(thresholdSUV 1.5inregion3ROJseeFig.3fordefinitionofROIs)).A2-wayANOVA 

onwholeLCNM-MRJsignalcontrollingforageandsexshowedasignificanteffectoftau 

modelcontrollingforageandsexamorecomplexmodelshowednosignificanttaustatusX 

cognitivestatusinteractionp0.48).Post-hoctestingfoundasignificantdifferencebetween 

taunegativeindividualsandBraak3positiveindividuals(p0.012)butnodifferencebetween 

Braak1(only)positiveindividualsandeithertaunegative(p0.17)orBraak3positive 

individuals(p0.27,Tukey'sHSD).  

1002661 Nextthestructureoftau-status-relatedsignallosswas examinedwithin 

subdivisionsoftheLC.AsidefromtherostralandcaudalendsoftheLCallsegments 

significantlydifferedbetweentaugroupsandthemiddlesegmentsshowedthestrongesteffect 

(Fig1).ExaminingthemiddleLCsegment(averageoftheNM-MRJsignalfromthissegment 

onleftandrightsides)avetystrongrelationshiptotaustatus(F2,184-15.3p<O.OOOOl)was 

foundwithareductioninsignalinBraak3positiveindividualsrelativetobothtaunegative 

individuals(p<O.OOOOl)andBraak1positiveindividuals(p0.0045)butnoreductioninsignal 
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inBraak1positiveindividualsrelativetotaunegativeindividuals(p0.075,Tukey'sHSUFig 

1. showsLCmiddle-segmentsignalforallstudygroups).Giventhesestrongeffectspresentin 

themiddleLCsegmentthiswasretainedastheLCNM-MRImeasuretobeusedforall 

subsequentanalyses.  

1002671 TheseresultssuggestedthatLCsignallossisminimalatBraakstage1and 

pronouncedfromBraakstage3onwardsTodetermineiftherewasevidenceofprogressive 

lossofLCsignalfromBraakstage3thecognitiveimpairmentanddementiastagewas 

correlatedtoLCsignalinBraak3positiveindividuals.Bothmeasuresweresignificantly 

correlatedtolossofLCsignal(MMSEerrors:t23--2.95,p0.0072,robustlinearregression4 

ClinicalDementiaRatingScale:Spearmanp- -0.52,p0.012,n25;partialcorrelationboth 

analysescontrolledforageandsexseeFig.1).  

1002681 LCNM-MRIsignalandADpathophysiology 

1002691 TomorefullyinvestigatetherelationshipofLCNM-Mmsignaltotau 

proliferationavoxelwiseanalysisrelatingLCsignalto[' 8 F]MK-6240uptakewasperformed 

throughoutthebrain.Significantclusterswerefoundinregions(seeFig.6).Toinvestigatehow 

directthelinkmaybebetweenLCsignalandtauloadweperformedasubsequentvoxelwise 

analysisalsocontrollingforcorticalbetaamyloidloadandcorticalgraymattervolume.  

1002701 ToexaminewhichaspectsofADpathophysiologyindependentlypredictedlossof 

LCNM-MRJsignalalinerregressionanalysiswasperformedinthecognitivelyimpaired 

individuals(n75) duetoveryhighcollinearity(r=0.91),summarymeasuresoftauand 

amyloidwerenotincludedtogetherinthesamemodel.LCNM-Mmsignalwassignificantly 

CDRscoreageandsex)andbycorticalamyloidload(tTo 2.50,p0.015,linearregression 

withthesamecovariates).Howeverwhenincludingcorticalgraymattervolumeintoeitherof 
model.  

thesemodelsitbecameasignificantpredictorofLCNM-Mmsignal(forthetau 4 

t68-2.13,p0.037,linearregressioncontrollingfortauloadinBratregion3,corticalgray 

mattervolumetotalintracranialvolumeCDRscoreageandsex)andneithertaunoramyloid 

remainedassignificantpredictors.  

1002711 LCNM-MRIsignalandclinicalpresentation 

1002721 FinallytheclinicalcorrelatesofLCNM-MMsignallosswasinvestigated.  

SpecificallybothcognitiveimpairmentandneuropsychiatricsymptomsrelatingeachtoLC 

signalwasexaminedwhilecontrollingforkeypathophysiologicalmeasures.Incognitively 

impairedindividuals(n72),LCsignaldidnotsignificantlycorrelatetotheextentofcognitive 
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predictedbytauloadinBraakregion3(t7o 2.36,p0.021linearregressioncontrollingfor
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impairment(MMSEscore:t64-0.83linearregressioncontrollingfortauloadinBraakregion 

3,corticalgraymattervolumetotalintracranialvolumeCDRscoreageandsex).  

1002731 Nextneuropsychiatricsymptomswereconsideredasmeasuredwiththetotalscore 

ontheMildBehavioralImpairmentChecklist(MBJ).Thismeasurewassignificantlyrelatedto 

LCNM-MMsignalincognitively 9 73) 
impairedindividuals(n irrespectiveofwhich 

pathophysiologicalmeasureswereincludedascovariates(Tablexx).InapreferredmodelLC 

NM-MRJsignalandtauloadinBraakregion3bothpredictedMBJtotalscore(t65 3.48, 

p0.0009andt65-2.48,p0.016,respectively;linearregressionalsocontrollingforcortical 

graymattervolumetotalintracranialvolumeCDRscoreageand , ig.4).Thecorrelation 
ofLCNM-MRJsignaltoMBJtotalscorewasconfirmedinnon-parametrictestingwiththe 

samecovariatesasthelinearregression(TablexxforthepreferredmodelSpearmanp0.40).  

ThispositiverelationshipsuggeststhatpreservationoftheLCisassociatedwithworseNPS 

anditisnotablethatthiseffectbecomesstrongerwhenanymeasureofcorticalpathologyis 

includedinthemodel.Post-hocanalysesexaminedtheMBIsubdomainsandfoundthedomain 

wheretherelationshiptotheLCNM-MMsignalwasstrongestwasImpulseDyscontrol 

(Spearmanp0.36,p0.003,partialcorrelationcontrollingfortauloadcorticalgraymatter 

volumetotalintracranialvolumeCDRscoreageandsex).  

1002741 WhenpredictingMBJtotalscoreincognitivelynormalolderadultsLCNM-MM 

signalwasnotasignificantpredictor(t92 0.19,p0.85)norwastauloadinBraakregion1 

(t92 1.91, p0.059~linearregressioncontrollingforcorticalgraymattervolumetotal 

intracranialvolumeCDRscoreageandsex).  

cognitivelyimpairedindividuals 

t-statisticforregressioncoefficient Spearman 

partial 
topredictMBJtotalscore correlation 

predictors Tauin Cortical Cortical LCsignaland 

inmodeL Adj LCNMMRJ Braak amyloid gray MBJtotalscore 
df signal region matter 

volume 

1~ 0.06 2.01* 0.24* 

, 5,67 0.24 3,27** 4,06*** 0,38** 

5,67 0.20 3.18** 354*** 0.36** 
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, 6,66 0.17 3.23** ~3.3O** Q37** 

3.7,65 0,24 3,48*** 2,48* -0.96 Q4Q*** 

1002761 AnalysesincludedagegenderandCDRscoreascovariates(analysesincluding 

corticalgraymattervolumealsoincludedtotalintracranialvolumeasacovariate).*p<0,05 

**p< 0 ,0 1 ,***p<0 ,0 0 1 

1002771 Example 2: A longitudinal multimodal fleurOima2ifl2 study to determine LC, 

amyloid, and tau signatures of upcoming progression ofneuropsychiatric symptoms in 

patients with MCI and AD as well as CN older adults.  

1002781 LCNM-MMsignaltogetherwithamyloidandtauloadinkeybrainregions 

predictprogressionofNPS,18monthslater.Thisisexaminedseparatelyincognitively 

impaired(ADandMCI)andunimpairedolderadultstodeterminepredictionsevenatthe 

earliestillnessstages.  

1002791 DataobtaineddemonstratethatNPSarelinkedtotauaccumulationf3-amyloid 

accumulationandLCintegrityasmeasuredinvivowithPET[18F]MK6240,[18F]AZD4694 

andneuromelanin-sensitiveMRJ(NM-MRJ),respectively.  

1002801 WithoutbeingboundtoanytheoryNPSreflectsanimbalanceinthekey 

pathophysiologicalchangesoccurringinAD:integrityoftheLCononehandandamyloidand 

tauaccumulationinthecortexontheotherhand.Thecombinedeffectsoftheseprocessesmay 

leadtoanimbalanceincorticalandsubcorticalregulationofbehaviortriggeringemergence 

ofNPS.OurpreliminarydatarevealapatternthatisassociatedwithNPSintheearlycourse 

ofillness:corticaltauaccumulationcombinedwithpreservationoftheLCperhapsreflecting 

ofNPSincludingimpulsedyscontrolandemotionaldysregulation.Thisisalsoconsistentwith 

reportsofelevatednoradrenergicactivityandtaupathology(measuredinCSF)bothcorrelating 

toworseNPSandnoradrenergicblockadetreatingNPS.Alinearregressionmodelisbeing 

usedtopredictNPSincludingallneuroimagingmeasuresspecificallythatLCNM-MM 

signaltauloadandamyloidloadwillallbepositivelyrelatedtoprogression/emergenceof 

NPSandthecombinedpredictioninmodelsincludingallmeasureswillbesuperiorto 

predictionusinganyonemeasurealone.Identifyingwhichneuropathologicalprocessismost 

implicatedinagivenpatientisacriticalstepbeforetargetedNPStreatmentcanbecomea 

reality.  
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1002811 NPSseverity(MBItotalscoreII 73)fromLCNM-Mmsignaltauload(STIRof 

['8 F]MK6240inBraakstage3ROJ),andf3-amyloidload(SUVRof[' 8 F]AZD4694incortical 

ROI).Multivariatepredictionissuperiortounivariateforallmeasures.  

Predictorsinliner Adjusted tstatforLCsignal tstatfortau/amyloid 

regressionmodel regressioncoefficient regressioncoefficient 

LCNM-MRJ 0.06 2.02* 

Tauload 0,13 

Amyloidload 0.09 2.52* 

LCandtauload 0.24 3.29** 4Q9*** 

LCandamyloidload 0.20 3,21** 357*** 

LCtauandamyloid 0.23 3,22** 1.81, -0.01 

Allanalysescontrolledforagegenderanddementiaseverity(ClinicalDementiaRatingScale 

score).  

* 

L i 1' , p<0 .0 1 ,***p<0 0 0 1 

[00283J TheheterogeneityofNPSisanimportantconsideration.InoursampleMBJtotal 

scoreismosthighlycorrelatedtotheImpulseDyscontrolsubdomain(r=0.85),asymptomtype 

withastrongtheoreticallinktothenoradrenergicsystem.Depressivesymptomsontheother 

handrelatetolownoradrenergicfunction(reducedLCNM-Mmsignal);thusanalyseswill 

considerdepressivesymptomsseparately 

[00284J Studydesignandtimeline 

[00285J Thestudyconsistsofbaselineclinicalandneuropsychologicalassessments 

withADParticipantsreturn18monthslaterforanotherclinicalandneuropsychological 

assessment.ParticipantswillbealreadyinvolvedinalongitudinalprotocoltheTranslational 

BiomarkersinAginganddementia(TmAD),facilitatingfollow-upcontact.Timeline:months 

1-6ethicalapprovalsstafftrainingandoptimizationofthe7TNM-Mmsequence.Months7

30,recnutmentofparticipants.Toachieveoursampleofn140(afterattrition)werecruited 

77individualsperyear.SimilartotheTRIADcohortwhere100-130participantscomplete 

MmandPETimagingprocedures annually. Quality control andpreprocessingof 

neuroimagingdataisongoingasdatais , preliminaryanalysisisdonewhenhalfof 

thesampleiscollected.Months24-48,follow-upclinicalandcognitiveassessments.  

[00286J Recruitmentandconsent: 
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1002871 AllparticipantsarerecruitedfromalongitudinalPETbiomarkercohortthe 

TranslationalBiomarkersinAginganddementia(TRIAD)attheMcGillCentreforStudiesin 

Aging(MCSA).TheMCSAhasaclinicaldatabaseof4000patientsfromwhichtheTRIAD 

cohortisprimarilydrawnwhichhasalreadyrecruitedover1000peoplewillingtoparticipate 

instudies.  

1002881 Inclusioncriteria.  

1002891 Participantswhoare55to90yearsoldandhaveahistoryofacademicachievement 

toexcludeintellectualdisabilityareenrolled.Participantsareexcludediftheyareunableto 

provideinformedconsentoriftheybecomeunabletoprovideconsentduringthestudy.Their 

abilitytoprovideconsentwillbedeterminedusingthescreeningbafteiywhichincludes 

MMSBandMoCA.Cognitivelynormalolderindividuals(CN)aredefinedbyaclinical 

dementiarating(CDR)of0.MCIaredefinedbyaCDRof0.5,subjectiveandobjective 

memorylossandhavingnormalactivitiesofdailyliving.CNandMCIgroupshaveabsence 

ofdementiabasedonthePetersenandNationalInstituteofAgeing-Alzheimer'sAssociation 

Criteria.ADcaseswillbeofmildseveritydefinedasaCDRofO.5-1.Oanddiagnosedusing 

theNationalInstituteofAgeing-AlzheimersAssociationcriteria.  

1002901 Exclusioncriteria: 

100291J (i)Illiterate(notduetocognitivedecline),(ii)useofrecreationaldrugs,(iii)major 

structuralabnormalityormajorvascularpathologyonMMexam,(iv)participatedin 

interventiontrialwithinprior4weeksorwereexposedtoionizingradiation(viaresearchstudy 

orradiologicalexam)withinprior12months,(v)contra-indicationstoMM/PETscans,(vi) 

chronicandrecurrentmentalhealth , 

schizophreniamajordepressionPTSD).Thosewithnewonsetpsychiatricsymptomatology 

willbeincludedunlesstheseverityprecludesparticipation(e.g.violenceoraggression).  

1002921 Neuropsychiatricsymptomsandotherclinicalandcognitivemeasures: 

1002931 MeasuresofNPSprovidecomprehensiveassessmentofawiderangeoftypesof 

NPSandaresensitivetodetecttheirexpressionatdifferentillnessphases.Theseinclude 

standardquestionnairesusedinAD:theNeuropsychiatricInventory(NPI),theApathy 

InventoiyandtheBpworthsleepquestionnaire.Inadditionaspecializedquestionnaireis 

employeddesignedtobesensitiveforassessmentofNPSinprodromalADtheMild 

BehavioralImpairmentChecklist(developedbyDr.Ismail).Standardprotocolsusedinthe 

TRIADcohortarefollowedforassessmentofclinicalprofilesandcognition.Cognitive 

measuresincludetheReyAuditoiyVerbalLearningTest(RAVLT),digitspananddigit 

symbolfromtheWAIS-IllandIQ(WASI-Il;matnxreasoningvocabulary;partofa3-hour 
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batteryadministeredbyaneuropsychologist).Thesemeasuresarerecordedevery24months 

intheTRIADprotocolandwillnotberepeatedforparticipantstestedwithin60daysof 

baselineorfollow-upassessment.OurprimarymeasureofinterestischangeintheMBJover 

18months.Preliminaryfollow-updatashowthatthismeasureisabletocapturechangeover 

thecourseof1or2years.  

1002941 NM-MRIacquisitionat7T 

1002951 ParticipantsarescannedonaSiemensTerra7Tscannerwithan8-channeltransmit 

and32-channelreceiveheadcoil(NovaMedical).Amagnetizationtransfer-preparedturbo

flashsequence(MTw-TFL),developedbythelabofChristineTardifisusedtoimagetheLC.  

TheMTpreparationconsistsofatrainof15pulsesof1msduration(2msgap)atanoffset 

frequencyof10kHzwithaB1root-mean-squaredvalueof9jiT.Thepolarityofthefrequency 

offsetalternatesbetweenpulses.BachMTpreparationblockisfollowedbyacenter-outTFL 

readout(TE/TR4.3/505ins'turbofacton=29;flipangle (JRAPPA2),scantime4:31 

minsataresolutionof0.4x0.4x1.0mm3.Thesequenceisrepeatedtwiceandaveragedto 

increaseSNR.ThefurtheroptimizationofthissequencetomaximizeSNRandreliabilityof 

theLCsignaltoimproveonthisstate-of-theartsequenceisoccurring.Ahigh-resolution(0.65 

mm isotropic) Ti-weighted anatomical scan using the MP2RAGB sequence.  

TI1/T121000/32000insTR43000ms, TB2.46,alpha40 echospacing75insslice 

partialFourier6/8GRAPPA3,scantime11minsisperformed.Forsubjectswillingto 

toleratealongersessionresting-statebloodoxygenleveldependent(BOLD)functionalMM 

dataisalsocollectedforexploratoryanalysisoffunctionalconnectivitychangescorrelatedto 

TR2010insalpha700,GRAPPA2,phasepartialFourier6/8,andscantime10.5minsis 

sued.TotalscanningtimewillbeAOminutesifallscansarecompleted.  

1002961 NM-MRIpreprocessingandanalysis 

1002971 TheLCNM-MMsignalismeasuredonunprocessedNM-MMimagesinnative 

spaceusingacustomscriptandSPM12toolstosegmenttheLCsimilartoapproachesused 

previously.Analyzingthesignalfromthissmallstructureinnativespaceisadvantageous 

comparedtotheconventionalapproachofworkinginstandardizedspaceforMManalysis.  

NM-MRJpreprocessingpipelinedevelopedbyDr.Cassidy.  

1002981 PETacquisition 

1002991 PBTscanningtakesplaceonaSiemensHRRT.Radiotracersareproducedbythe 

Centresradiocheinistrylaboratoryandcyclotron.APBTscanandtheMRIscanarebe 

conductedonthesameday.InasubsequentdayanotherPBTscanisconducted.  
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IiSF]AZD4694or[18F]MK6240PETscansareacquiredfollowingadministrationof185 
MBqofthetracer.ThescanusingIllSF]MK6240is20minslongbeginning90-110minutes 

post-injection.Thescanusing[18F]AZD4694is30minsbeginning40-70minutespost

injection.Subjectswearspecializedglassesforcorrectionofheadmovement.Dynamicimages 

areacquiredusinglistmodefile.TransmissionimagesareacquiredwithaGe-68source.Tissue 

radioactivityimageswillbere-binnedusing4framesandreconstructedusingaOSM3method 

withscatterandattenuationcorrection.Movementcorrectionisthenbeapplied.  

1003001 PETanalysis 

1003011 Quantificationof[18F]AZD4694or[18F]MK6240PETwillbeperformedforboth 

anatomicalregionsofinterest(ROI)andindividualvoxelmaps.Inbothinstancesasafirst 

steptheMMvolume(Ti-weightedimage)willbesegmentedtoobtaingraymattermapsand 

thenco-registeredtothePETimagesthroughrigidtransformationusingMINCtools.  

Respective[1SF]AZD4694SUVR5O-70or[1SF]MKL6240SUVR9O-110willbeanalyzed 

usingthecerebellumcortexasareferenceregion.MMscanswillbetransformedintostandard 

MiMIspaceusingnon-linearregistration.InthecaseofROlanalysistheinversetransformation 

oftheregistrationparameterswillbeusedtomapaprobabilisticanatomicalatlasbackontothe 

PETimage.Regionaltime-activitycurves(TACs)willbecalculatedthroughamaskobtained 

bytheconvolutionofthesegmentedgray-matterimageofthesubjectandtheatlas.Both 

RegionofInterest(ROJ)andvoxelTACwillthenbeenteredintheappropriatequantification 

proceduretoobtainSUVRsforthesetofanatomicalROJorBPparametncmapsforthevoxel

by-voxelanalysis.Partialvolumecorrections(PVC)willbeconductedtoallimages.Voxel

thenon-linearregistrationproceduredescribedabove.Parametricmapswillthenbesmoothed 

(6mm)toreducenoise.Voxellevelunivariatetestingusingthegenerallinearmodel(GLM) 

willthenbeappliedwithpost-hocmultiplecomparisoncorrectionderivedfromrandom-fields 

theoryasimplementedinvoxel-statasuitetoperformvoxel-basedgeneralizedlinearmodels 

developedatMcGillUniversity.  

1003021 Statisticalanalyses:Theprimatyanalysesforhypothesistestingarelinear 

regressionstopredictchangeinNPSseverity18monthsafterbaselinebasedonbaselineLC 

NM-MRJsignalamyloidloadandtauloadinROIswherethesesubstancesappearinearly 

diseasestages(Braakstage3regionsfortauandtheentirecerebralcortexforamyloid).The 

effectsofinterestaretheindependenteffectofLCNM-Mmsignalandtheincreasein 

explainedvariancewiththeadditionalinclusionofamyloidand/ortauloadintothemodel.  

AnalysisinCNcasesusetotalscoreontheMBIastheoutcomemeasure(ahighlysensitive 
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instrumentsuitableforcaseswithminimalsymptomburden).InCIindividuals(MCIandAD), 

analysespredicttotalscoreonboththeMBJandtheNPI.Post-hoctestingincludesvoxelwise 

analysesusingthesamepredictorsandoutcomes(withinmasksofareasimplicatedinearly 

tau/amyloidaccumulationtominimizethepenaltyformultiplecomparisons)andalsoROJ 
9 

analysesusingmorespecifictypesofNPSastheoutcomemeasure(e.g.impulsedyscontrol, 

sleepproblemsaggressivebehavior).ForallanalysespossibleinteractionsbetweenLCNM

MMsignalandamyloid/tauinthepredictionofNPSseverityareexamined.Analysesinclude 

covariatesagesexdementiaseverity(ClinicalDementiaRatingScale),andseverityof 

depression(NPJdepressionitem).Controllingfordepressionseverityisnecessarybecause 

noradrenergicfunctionmayhaveanopposingrelationshiptodepressionascomparedto 

symptomssuchasaggressionandimpulsivity(thelattercorrelatingveryhighlytoourprimary 

measureofinterestMBJtotalscore).Converselyanalysespredictingdepressivesymptoms 
9 

(NPJdepression)controlforseventyofotherNPS.  

1003031 Sexandgender-basedanalysis:Sexeffectsareobservedinlate-lifedepressionsfor 

instanceregardingitslinktocognitiveimpairmentfunctionalimpactandbrainstructure.  

FurthermoreanimalstudiesreportsexdimorphismontherelationshipbetweenLCdamage 

andtauphosphorylationconsistentwithafemalepredispositionfornorepinephrine-related 

disorders.Thussexmaybeafactorintheserelationships.Anequalnumberofmalesand 

females(previousrecruitmentfromtheTRIADcohortwas630ofemale)isrecruited.Primary 

analysismodelsarerunseparatelyinmenandwomenanddetermineifthestrengthofthe 

effectssignificantlydiffersbysex.  

750~ofADpatientsand500oofindividualswithmildcognitiveimpairment(MCI)sufferfrom 

NPScomparedto250oofindividualsshowingnormalcognitiveaging.Thepresenceofthese 

symptomsisassociatedwithfastercognitiveandfunctionaldeclinelowerqualityoflife 

earlieradmissiontoanursinghomeandgreatercaregiverburden.Asexistingtreatmentsfor 

neuropsychiatricsymptomsinADhavelimitedefficacyformanypatientswithasubstantial 

riskofharmitisimperativetounderstandtheirneurobiologytofindandmonitorimproved 

treatments.ThebiomarkersdescribedhereinhelpguidedevelopmentofnewNPStreatment 

andoptimizationofexistingtreatmentsultimatelysupportingprecisionmedicineapproaches 

toidentifypatientsmostlikelytorespondtocertainNPStreatments.OneNPStreatmenttarget 

isthenoradrenalinesystemtheintegrityofwhichismeasuredviatheLCNM-Mmsignal 
describedherein. Indeed sinceNM-MRIisapracticaland 9 

non-invasiveassayof 

9 changesunderlyingADpathologythiscouldprovetobeausefultoolfor 
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instanceasapotentialmoderatorofNPStreatmentresponseorasamarkerofresponsetoLC 
0 

neuroprotectivedrugs.Thereispromisingevidenceforboththeseapplications:aggressive 

behaviorinADpatientsismorelikelytorespondtonoradrenergicdrugtreatmentinpatients 

exhibitingnoradrenergicdysfunctionandtoguideanLCneuroprotectivedrugthatlowers 

NPS-likebehaviorsinanimalmodelsofAD.  
00305 Exam le 3: NM MRI forAssessin Post traumatic stress disorder PTSD and 

I I P 2 (1 

Ma Depressive Disorder 
0 

1003061 Introduction 
1003071 Post-traumaticstressdisorder(PTSD),isaheterogenousconditionthatdiminishes 

thequalityoflifeofmilitaiyveteransandconfersanimportantriskofsuicide.Giventhe 

complexexpressionoftheillnesstreatmenttargetingspecificneurobiologicaldisruptionsina 

patient-specificmannermaybeneeded.Howeverthesearchforbiomarkerstosupporttargeted 

treatmentinPTSDhasbeenchallenging.Recentresearchhassuggestedthatdysregulationof 

theneuromodulatornorepinephrine(NE)maycontributetoPTSDsymptomatology.Thelocus 

coeruleus(LC)isthecentralnucleusforNEreleaseinthehumanbrainandtheLC-NBsystem 
9 

playsanimportantrolewithrespecttoregulationofthestressresponseautonomicfunction 

emotionalmemorysleepandarousal.TheseLC-regulatedbehaviorsareparticularlyrelevant 

tothehyperarousalsymptomdomainofPTSDdefinedbytheDSM-5asexaggeratedstartle 

responsehypervigilanceandsleepdisturbances.ForexampleindividualswithPTSDhave 

beenobservedtoshowhigherLCBOLDfMRIactivationtostimulusincomparisontocontrol.  

Ithasalsobeenshownthatthereisarelationshipbetweenautonomicsystemdysregulation 

individualswithPTSDshowed"attenuatedparasympatheticandelevatedsympatheticcontrol, 
9 

asevidencedbylowrespiratoiysinusarrhythmia(ameasureofcardiacvagalcontrol)andhigh 

electrodermalactivity>GiventheevidenceoftheroleoftheNEsysteminPTSDeffortshave 

increasedtodeploypharmacologicaltreatmentstargetingthissystem.Severaldrugsactingon 

thissystemhaveshownbenefitsincludingvenlafaxinea 4 NE/serotoninreuptake 

inhibitorthatisacommonPTSDtreatmentandhasbeenshowntooutperformspecific 

serotoninreuptakeinhibitorsandbeta-blockerswhenusedinconjunctionwithtraumare

experiencingpsychotherapy.FurthermoretheNEalpha-ireceptorantagonistprazosinhas 

showninconsistentevidenceofefficacyinPTSDunderscoringthepotentialadvantagesofa 

biomarkertrackingnoradrenergicimbalancethatcouldpre-selectlikelyresponderstoa 

noradrenergicdruglikeprazosinandtherebyalsosupporttrialsofexperimentalnoradrenergic 

9 
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1003081 Neuromelanin-sensitivemagneticresonanceimaging(NM-MM)isanoveland 

0 neuroimagingmethodthatcanbeusedtoimagetheNM-containingstructuresin 

thehumanbrain:theLCandthedopaminergicsubstantianigraduetotheparamagnetic 

propertiesofNM.WehavepreviouslyshownthattheNMsignalinthesubstantianigracan 

provideaproxymeasureforPETimagingmetricsofdopaminefunctionwiththepractical 
0 

advantagesofbeinglessexpensivenon-invasiveandobtainableathighresolutionWe 

proposeherethattheLCNMsignalcanprovidesimilarinsightintofunctionoftheNEsystem.  

AlthoughtheLCNM-MmsignalhasyettobeinvestigatedinPTSDthereisevidenceittracks 
0 

measuresofNEorautonomicfunction:ithasbeencorrelatedtoheartratevariabilityalpha 

amylasesecretionandanxious-arousalsymptomsinanxietydisorder.Weareparticularly 

interestedinthecaudalLCheresincethisregionsendsdescendingprojectionstotheautonomic 

nervoussystemhasenhancedactivityinPTSDandcorrelatestoautonomicmeasures.  

1003091 HereweexaminedtherelationshipoftheLCNM-Mmsignaltohyperarousal 

symptomsadimensionalmeasureofPTSDpsychopathologyinasampleof24help-seeking 

CanadianArmedForces(CAF)veteranswithahistoryofoperationaldeployment.We 

hypothesizedthatNM-MmsignalinthecaudalLCwillpositivelycorrelatetohyperarousal 

symptomseveritymeasuredwiththeClinicianAdministeredPTSDscaleforDSM-5(CAPS

5).  

1003101 Methods 

100311J Participants 
0 

1003121 Twenty-threeCAFveteranswithahistoryofoperationaldeploymentwererecruited 

Ontario.18oftheseindividualsmetDSM-5 0 0 

cnteriaforPTSDasdeterminedbytheClinician 

AdministeredPTSDscaleforDSM-5(CAPS-S).CAPSinterviewswerecarriedoutbytrained 

raters.SeeTable1forallclinicalanddemographicmeasures.Severityofdepressivesymptoms 

wasassessedwiththeBeckDepressionInventory-Il(21itemversion).Otherclinical 

assessmentsincludedtheLifeEventsChecklistfortheDSM-5,thePittsburghSleepQuality 

IndexandtheColumbiaSuicideSeverityRatingScale.Inclusioncriteriaincluded:aged 

between18and65yearsCAFveteranwithahistoryofoperationaldeploymentaftertheyear 

2000.Exclusioncriteriaincludedhistoryofmanic/hypomanicorpsychoticdisorderdiagnosis 

ofasubstanceusedisorder(SUD)inthelast6monthhavingamajormedicalillness 

neurologicalconditiontraumaticbraininjuiy(orheadtraumawithalossofconsciousnessof 
0 

atleast5minutes),theinabilitytoabstainfromalcoholnicotinecannabisorcaffeinefora24 

hourperiodandcurrentuseofstimulantmedication(duetopossibleimpactontheNM-Mm 
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signal).ThisstudywasapprovedbytheethicsreviewboardatTheRoyalMentalHealthCentre 

inOttawaOntarioandparticipantsprovidedwritteninformedconsent.  

1003131 MRIAcquisition 

1003141 Magneticresonance(MR)imageswereacquiredforallstudyparticipantsona 

Siemens3TPETBIOGRAPHmMRscannerusinga12-channelheadcoil.NM-Mmimages 

werecollectedviaa2Dgradientresponseechosequencewithmagnetizationtransfercontrast 

(2DGRE-MT)withthefollowingparameters:repetitiontime(TR) 337mwechotime(TE) 

3, 50 in-planeresolution 0.43x0.43~2., partialbraincoveragewith 

fieldofview(FoV) 165 220'matrix 384><512'numberofslices 10'slicethickness 

3mm'slicegap 0 mm'magnetizationtransferfrequencyoffset 1200Hz'numberof 

excitations(NEX) 6;acquisitiontime 7.24mm.Theslice-prescriptionprotocolconsisted 

oforientingtheimagestackalongtheanterior-commissure-posterior-commissurelineand 

placingthetopslice3mmabovethefloorofthethirdventricleviewedonasagittalplanein 

themiddleofthebrain.  

1003151 Whole-brainhigh-resolutionTi-weightedMRIimageswerealsoacquiredfor 

preprocessingoftheNM-MmdatausinganMEMPRAGEsequence(inversiontime 1050 

insTR2500,TE 1.69insflipangle 70,FoV 192x192,matrix 192x256,numberof 

slices 256slicesisotropicvoxelsize 1mmacquisitiontime 5.47mm.QualityofNM

Mmimageswasvisuallyinspectedforartifactsimmediatelyuponacquisitionandscanswere 

repeatedwhennecessarytimepermitting.  

1003161 PreprocessingofNM-MRIimages 

Mmsignalfromthesubstantianigra(5)usingSPM12.AlthoughfinalanalysesofLCsignal 

wereperformedonnative-spaceNM-Mmimagesitwasnecessarynonethelesstospatially 

normalizetheNM-MmimagestoregisterauniversalLCsearchspacefromMNJspaceto 

nativespaceforeachparticipant.NM-MmscanswerefirstcoregisteredtoparticipantsI, Ti

weightedscans.TissuesegmentationwasthenperformedusingtheTi-weightedimages.NM

MmscanswerenormalizedtoMNJspaceusingDARTELroutineswithagray-andwhite

mattertemplategeneratedfromallstudyparticipants.Theresampledvoxelsizeofthese 

normalizedNM-Mmscanswas1mmisotropic.Allimageswerevisuallyinspectedaftereach 

ofthesesteps.AvisualizationtemplatewascreatedbyaveragingthespatiallynormalizedNM

Mmimagesfromallparticipants.  

1003181 SubsequentstepsweredevelopedusingcustomMatlabscriptstospecifically 

examinetheLCsignal.Anover-inclusiveLCmaskwasdrawnoverthevisualizationtemplate 
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1003171 InitialpreprocessingstepswereperformedasinourpriorworkexaminingNM-
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tocoverthehyperintensevoxelsattheanterior-lateraledgeofthe4~ventriclespanningfrom 

z xx-xyintherostrocaudalaxis(seeFigure1).Therostrocaudallimitsweresetbycross 
9 

referencingdistancetoanatomicallandmarks(inferiorcollicusonrostralendandposterior 

recessof 4 thventricleoncaudalend)inbrainatlases.Adividedversionofthemaskwasmade 

9 

bydivisioninto3rostrocaudalsegmentsofequallength.Theover-inclusivewholeLCmask 

andthedividedmaskswerethenwarpedtonativespaceusingtheinverseoftheflowfields 

generatedinthespatialnormalizationstepandresampledtoNM-MMimagespace.The 
9 

warpedover-inclusivewholeLCmaskcouldthenbeusedtodefineasearchspacewithinwhich 

tofindtheLCforeachparticipant.Acluster-formingalgorithmwasusedtosegmenttheLC 

withinthisspacedefinedasthe6adjacentvoxels(2.58mm2)withthehighestmeansignal.  

ThisoperationwasrepeatedfortherightandleftLC.Contrast-to-noiseratio(CNR)foreach 

voxelvinagivenaxialslicewascalculatedastherelativedifferenceinNM-MRJsignal 

intensity I from a reference region RR in the same slice as: CNR 
V 

(A2 mode(IRR))/mode(IRR)* WeusedareferenceregionknowntohavelowNM 

concentrationthecentralponsdefinedbyacircleofradiusxxmmandcenteredxmmfrom 

theaxisconnectingrightandleftLC.Everyaxialsliceinnativespacewasidentifiedas 

belongingtoLCsegment1(rostral),2(middle),or3(caudal)basedonwhichofthe3divided 

LCmaskswaspresentontheslice(if2ofthesemaskswerepresentonthesameslicetheLC 

segmentwasdefinedtomatchthemaskcoveringbrighterLCvoxels).LCsignalwascalculated 

foreachofthethreesegmentsbyaveragingNM-MRICNRvaluesfromallvoxelsdetermined 

tofallwithinthatsegment(e.g.ifasegmentcovered2axialslicesinnativespaceonboththe 

slices).  

1003191 StatisticalAnalysis 

1003201 FinalstatisticalanalyseswerecalculatedusingMatlab.Partialcorrelations 

examinedtherelationshipofLCNM-Mmsignaltoclinicalmeasuresincludingcovariatesage, 
9 

sexandPTSDdiagnosis.Keymeasures(LCNM-MRIsignalhyperarousalseverityand 

depressionseverity)werefoundtobenormallydistributedbasedonLillieforstestsupporting 

ouruseofparametricstatistics.  

1003211 Results 

1003221 Thissampleofveteranswithahistoryofoperationaldeploymentshowedrelatively 

highlevelsofhyperarousalanddepressivesymptoms(presentbothinthosewithandwithout 

PTSDdiagnosis seeTable3).AshypothesizedNM-MmsignalinthecaudalLCwas 

significantlypositivelycorrelatedwithseverityofCAPS-Shyperarousalsymptoms(r 0.52 
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p 0.019,partialcorrelationcontrollingfordepressionseverityPTSDdiagnosisageandsex9 

seeFigure2).Consistentwithstudiesinotherpopulationsweobservedasignificantnegative 

correlationbetweencaudalLCNMsignalanddepressionseverity(BDJ-IJtotalseverityscore 

r- 0.48,p 0.033,partialcorrelationcontrollingforhyperarousalseverityagesexandPTSD 

diagnosis.FinallyalthoughoursampleofparticipantsnotmeetingPTSDcriteriawasvery 

small(n5) etestedwhethertherewasevidenceofaneffectofPTSDdiagnosisontheNM

MMsignal(Figure4).Wefoundatrendleveleffectthattrendedtowardssignificanceinthis 

analysis(t2o--1.0,p0.32,linearregressioncontrollingforhyperarousalseveritydepression 

severityageandsex).Thisfinalanalysiswasseverelyunderpoweredandwehypothesizeour 

trendleveleffectwillreachsignificanceinalargerfuturestudy.  

1003231 TogethertheaboveresultsdemonstratealteredLCactivationinpsychiatric 

conditionssuchasPTSDanddepression.Specificallythesignificantpositivecorrelation 

betweenLCNM-MRIsignalandhyperarousalsymptomologyinindividualswithPTSD.Our 

currentresearchalsolinksincreasedLC-NEactivityanditscorrelationtohyperarousal 

symptoms 

1003241 FurthermoreinstudieslookingatpharmacologicalinterventionsforPTSD 

numerousadrenergicdrugshavebeenshowntobesomewhateffectiveattreatingsymptoms 

associatedwiththehyperarousalsymptomcluster.Specificallythereismoderateevidenceto 
9 

supporttheuseofprazosinanalpha-iadrenergicreceptorantagonisttotreatnightmares 

amongstindividualswithPTSD.Particularlyithasshowntobeofaidtoveteranswhosuffer 

hyperarousalsymptomsassociatedwiththeirPTSD.Consequentlyhoweverprazosinhasalso 

associatedwiththiscondition.Forexampleinameta-analysisconductedamongstmilitary 

members clinicalstudiesinvolvingnumerousmedicationswereanalyzedspecifically 

focusingontheefficacyofeachmedication.Hereamongst106trialsonly60oofindividuals 

hadafullsuccessfulresponsetoprazosin.510odemonstratednoresponseatalltothedrug.It 

iswellknownthatPTSDisaheterogeneousconditionandassuchmoreresearchisrequired 

tofurtheridentifybiomarkersassociatedwiththisillness.  

1003251 InregardtothenegativecorrelationbetweenLCNM-Mmsignalanddepression 

severityalteredLC-NEsystemactivityhasalsobeenhypothesizedformajordepressionand 

ourresultssupporttheuseofNM-MmasabiomarkerforMDD.Inpharmacologicalstudies 

focusingontargetsofinnervationformajordepressionthelocuscoeruleus'NBreceptorshave 

beeninvestigated.HerewhenselectiveNEreuptakeinhibitorreboxetinewasadministeredto 

individualswithdepressionthedrugshadaverysimilarefficacyastricyclicantidepressants.  
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beenshowntobeineffectiveinotherindividualsPTSDfurtherdemonstratingthecomplexities
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Otherdrugsthattargetboththeserotinesystemandnorepinephrinesystem(serotoninand 

norepinephrinereuptakeinhibitors),havealsoshowedtobeeffectiveattreatingsymptoms 

associatedwithdepression.Furthermoreinapost-mortemstudyconductedamongst 

individualswithdepressionmarkedalterationsinNBneurondensityanddecreasedNE 

transporterbindinghavebeenobservedinthelocuscoeruleusinindividualswithdepression.  

AllinallourresultsalignwiththecurrentliteraturesuggestingreducedNBandthusaltered 

LC-NEactivityinindividualswithdepression.  

1003261 Withrespecttoourmethodsusedinthisstudywepreviouslydemonstratedthe 

method'sutilityandvalidityincapturingalterationsinthedopaminesystem.Inthisstudywe 

werealsoabletofurthervalidateoursemi-automatedmethodologyforextractingtheLCNM

MMsignalintheLC.HereourmethodprovidesauniqueapproachtoNMimageanalysisof 

theLC.WiththisvalueandourobservedsuccessincapturingandanalyzingNMdataweare 

confidentinourmethodsandtheirabilitytocapturechangesintheLC-NEsystemspecifically 

inaclinicalsetting 

1003271 Furthermorebyutilizinganovelneuroimagingmethodwithinthefieldof 

psychiatry, pastchallenges facedby researchers studyingboththe dopamine and 

norepinephrineneurotransmittersystemscanbeovercomeusingthismethod.Specifically, 

usingthismethodweareabletoachieveincreasein-planeresolutionoftheLCandassuchare 

betterabletocapturechangesrelatedtoLCactivity.NM-Mmisalsoanovelimaging 

techniquethathasnotbeenpreviouslyusedinPTSDresearchthusaddingauniqueaspectto 

ourcurrentresearch.  

healthycontrolgroupwhichresultedinourfindingatrendtowardsignificanceinLCNM-Mm 

signalandoverallPTSDdiagnosis.Toaddresstheselimitationsinthefutureincreased 

recruitmentforbothourPTSDgroupaswellasadefinedcontrolgroupshouldbeconducted.  

ThelackofalargehealthycontrolgroupcanbedifficulttocomebyinPTSD-relatedresearch 

sincemanyindividualswhohaveexperiencedatraumaticeventbutdidnotgoontodevelop 

PTSDhaveotherunderlyingmentalhealthconcernshencewhywecomparedourPTSDgroup 

toindividualswhodidnothavePTSDbutdidhavedepression.Furthermorewithrespectto 

thecorrelationbetweenLCNM-MRJsignalandPTSDdiagnosisanincreasedsamplesize 

mayshouldthiscorrelationmoreevidentandwehypothesizeourtrendtowardsignificance 

observedherewillreachsignificanceiftruehealthycontrolsareincorporated.  

1003291 ToconcludetheresultsofthepresentstudyindicatethatNMisabiomarkerfor 

PTSDanddepressionandsupporttheuseofoursegmentedbasedalgorithmtomeasureNM 
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inpatientswiththesediseases.ThecorrelationsbetweenLCNM-MMsignalandPTSDand 

depressionprovideclinicalevidencetosupportalteredNBactivityandassuchprovidesfurther 

evidencetosupporttheroleoftheNEsysteminbothconditions.Thisresearchmayalso 

provideinsightintofuturenoradrenergictargetsforthetreatmentofbothconditions.  

1003301 Table3:Participantdemographicalandclinicaldata 

PTSD Controls(NoPTSD) 

Sample size (n 18 5 

Age(averageinyears) 46.72 51,2 

Sex(males:females) 11:7(39%female) 5:0(OOofemale) 

PTSDDiagnosis(n) 18(lOOOo) 0(OOo) 

MDDDiagnosis(n) 7(390o) 2(400o) 

(accordingtoMINI) 

Antidepressantuse(n) 8(440o) 3(600o) 

CannabisUse(n) 5(280o) 2(400o) 

BDJ-IJ(averagetotal 48.65 46 

seventyscore) 

CAPS-S(averagetotal 40.11 28.2 

seventyscore) 

CAPS-S(average 12.2 9 

hyperarousalseverityscore) 

MultiscaleDissociation 56.53 56.4 

seventyscore) 

1003311 Example 4. NM as a biomarker for PTSD uSin2 the Se2mented based 

approach.  

1003321 Summary 

1003331 Thecurrentstudyproposesneuromelanin-sensitiveMM(NM-MM)asanovel 

biomarkerallowingdirectedtreatmentattackingthehyperarousalsymptomclusterinPTSD.  

Suchsymptomscanleadtosignificantfunctionalimpairmentandsuicidalityandnospecific 

neuroscience-basedtreatmentcurrentlyexists.NM-MMabriefandnon-invasiveMMscan 

couldprovideapracticalandreliablemarkerofnorepinephrine(NE)excessinPTSDand 

therebyallowneurobiologically-informedtreatmentdecisions.Weproposetotestthis 
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approachbylinkinghyperarousalsymptomstotheNM-Mmsignalinthecurrentproposaland 

byusingNM-MRJtopredicttreatmentresponseinsubsequentclinicaltrials.  

1003341 NeuromelaninisapigmentthatlendsthebluishcolortoNEneuronsinthelocus 

coeruleus(LC).ItisformedfromthemetabolismofNBandslowlyaccumulatesoverthe 

lifespan.Validationworkfromourgrouphasestablishedthatunlikemostneurochemicals 

NMcontentcanbemeasuredathighresolutionwithaspecializedMR[sequenceNM-Mm.  

Thismethodispracticalforwidespreadclinicaluse:itisnon-invasiveandrunsonanyMRI 

scannerinunder10minutes.WorkbyourgroupandotherssuggeststhatNM-MRJmay 

provideaneurochemicalfoundationforakeyPTSDendophenotypeexaggeratedsympathetic 

andhyperarousalresponses.ThusthistechniquemayprovideastablemeasureofNE 

imbalanceinPTSDyetthemethodremainsuntestedinPTSDandisveryinnovativeandnovel.  

1003351 ExcessNEfunctionmaybeakeycomponentofPTSD;howeverthismaybethe 

caseonlyforcertainindividualssuchasthosedisplayinghyperarousalsymptoms.Amajor 

functionofthecentralNEsystemisinpromotingarousalandclinicalandpreclinicalworkhas 

linkedhyperarousaltoexcessNEactivity.ThusNM-Mmcouldguidetreatmentdecisions 

consistentwithfutureclinicalpracticeswheretreatmentsareselectedbasedonobjective 

neurobiologicalmeasuresratherthansubjectiveclinicalmeasuresthatareremovedfromthe 

neurobiologyunderlyingpathology.  

1003361 Weproposetorecruit60individualswithtraumahistory(largelyfroman 

OperationalStressInjuryClinic),30ofwhomwillmeetCAPS-5criteriaforPTSD.This 

trauma-exposedgroupwillbearepresentativesamplespanningthefullPTSDphenotypeand 

symptoms.AllparticipantswillundergoanMRIIscanandclinicalassessment.TheMMsession 

willconsistofanNM-MmscanandafunctionalMRJscanduringafearconditioning 

procedure.LCNM-MmsignalwillbemeasuredviaanautomatedLCsegmentationpipeline.  

1003371 ForfunctionalMRIscansfear-relatedactivationoftheLCwillbemeasuredin 

native-spaceusingthesegmentedLCasalocalizer.Analyseswilltestifasseeninourpilot 

dataclinicalandphysiologicalmeasuresofarousalcorrelatetoNMsignalintheLCandto 

LCactivationduringfearconditioning.  

1003381 ExploratoryanalyseswillinvestigatetherelationshipoftheLCNMsignalto 

activationofstructureswithinthefearcircuitsuchasamygdalaandprefrontalcortex.This 

study will providethefoundationto subsequently testpharmacological andnon

pharmacologicalinterventionsthataddresshyperarousalsymptomsandtheirneurobiological 
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therebypromotinganRDoC-inspiredinvestigationoftheneurobiologicalcorrelatesofspecific
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correlates.Itwillthusprovideanovelandpracticaldiseaseandtreatmentbiomarkerthatwe 

proposetointroduceintotheclinicalcareinPTSD.  

1003391 Background 

1003401 PTSDisaburdensomeandprevalentmentalhealthissueforArmedForcesveterans 

9 AmongstRegularForceVeteranshavingseenoperationaldeploymentbetween1998-2015 

16,400reportedhavingPTSD.Hyperarousalisoneofthesyndromesunderlyingpost-traumatic 

stressdisorder(PTSD).Thissymptomclusterischaracterizedbyhypervigilanceexaggerated 

startleirritableorrecklessbehaviourandsleepdisturbance.HyperarousaliscommoninPTSD 

andcanbeveryharmfulleadingtodisabilityphysicalhealthproblemsandsuicide.Earlier, 

moreeffectivetreatmentofmilitaryPTSDwillhelptomitigatethesedeleteriousdownstream 

effects.WhilesubtypingofPTSDcurrentlyreliesonclinicalassessmentaburgeoning 

understandingofneurobiologicalmechanismsunderlyingtheetiologyofPTSDopensthedoor 

toafuturewherebiologicalmeasurementswillbethepreferredmethodtodiscriminatedistinct 

pathologieswithinPTSD.Whileperipheralphysiologicalassessmentsofhyperarousal 

currentlyexistthissymptomclustermaydependondysregulationwithinthecentralnervous 

systemandbiomarkersofhyperarousalthattrackithereatthesourcemaybebestbutaremore 

challengingtofind.  

1003411 Furthermoretobeusefulfortreatmentbiomarkersmustbepracticaltoimplement 

broadlyinclinicalsettingsandmusthelpindicateoptimaltreatmentstrategies.  

1003421 Inthecurrentproposalwewilltesttheutilityofanovelputativebiomarker, 

neuromelanin-sensitiveMM(NM-MM),thatispracticalreliableandcouldlinkto 

andspecificassayofthecentralnorepinephrine(NE)systemthatcouldidentifyasubsetof 

PTSDpatientswithNEimbalanceandtherebyallowtargetedtreatmentattackingthis 

imbalanceusingexistingorexperimentaldrugs(targetingtheNEsystem)orusingspecific 

psychotherapystrategies.  

1003431 TheNBsystemofthebrainisrecognizedasakeysiteofdysregulationinPTSD 

relatedtoitsroleinstressresponsearousalandconsolidationoffearfulmemories.Avery 

recentandinfluentialstudyhasshowncompellingevidencethathyperarousalinindividuals 

withPTSDislinkedtoactivityofthelocuscoeruleus(LC),thelocationofNEneuronsinthe 

brain.Thisconfirmsadecades-oldtheorylinkingtheNBsystemtohyperarousalbasedon 

preclinicalworkandhumanPETimagingandgeneticsstudies.TheNEsystemisalsoan 

importanttargetofcommonPTSDtreatmentsincludingNEreuptakeinhibitors(SNRJsand 

SNDRIs)andtheal-adrenoceptorantagonistdrugprazosinwhichcaneffectivelytreat 
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pharmacologicaltreatmentstrategies.NM-MRJisanimagingmethodthatprovidesapractical
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hyperarousalinsomeindividuals.FurthermoredrugsindevelopmentforPTSDhaveactionat 

NBreceptors:acurrentlyactiveclinicaltrialofbrexpiprazoleistestingtargetengagementof 

LCNEneurons(asindexedbypupillaiydiameter),iloperidoneisadrugofinterestduetohigh 

affinityforNBreceptorsandrecentfindingsshowpromisefortreatmentwithpropranolol 

priortotraumaticmemoryreactivation.ThusaspecificbiomarkerofNEimbalanceinPTSD 

wouldbeahighlyusefultoolincharacterizingtheillnessguidingtreatmentandassessing 

efficacyofthesenewexperimentaltreatmentsfortargetedpatients.Anoveltoolsuchasthis 

maybeprovidedbyneuromelanin-sensitiveMRI(NM-MM~seeFig.3).  

1003441 Neuromelanin(NM)isadarkpigmentthatisformedfromthebreakdownofthe 

catecholamineneurotransmittersNBanddopamineandisonlypresentinthebrainin 

catecholamineneurons(NBneuronsintheLCanddopamineneuronsinthesubstantianigra).  

Thispigmenthasuniquepropertiesthatmakeitoneoftheonlyneurochemicalsthatcanbe 

quantifiedathighspatialresolutionusingMRimagingtherebyallowinginterrogationofthe 

functionoftheNBsystemwithouttheinvasivenessandcostofPBTimaging.Ithasthesimilar 

advantageofassayingbrainchemistrytoinformpharmacotherapybutitismorepracticalfor 

large-scaleapplicationssinceitisinexpensivebrief(<10minutes),non-invasive and 

obtainableonany3TMMscanner.BecauseNMaccumulatesgraduallyoverthelifespanand 

doesnotbreakdownNM-MMhastheaddedadvantageofbeingaverystablemeasurewith 

hightest-retestreliability.IntheLCthissignalmayprovideasurrogatemeasureofsustained 

NEimbalance.Thisbeneficialpropertyensuresthesignalwillnotchangebasedontransient 

fluctuationsinmentalstateorsymptomseverity(unlikesomeputativebiomarkers).  

method.OurvalidationanddevelopmentworkhasconfirmedthatNM-MRIisindeedsensitive 

toNMandisamarkerofcatecholamineneuronfunctionandcorrelatestohyperarousal 

symptomsinPTSDconsistentwithcorrelationofthesignaltomeasuresofanxietyand 

autonomicfunctioninotherpopulations.Despitethisevidenceinfavorofitsrelevanceto 

PTSDnoPTSDNM-Mmstudieshaveyetbeenpublished.  

1003461 WhilethestabilityovertimeoftheNM-Mmsignalallowsforitsuseasanassay 

oflong-termNEsystemfunctionitsutilitymightbeenhancedwhencombinedwith 

informationfromstate-dependentmeasuresofNEsystemfunctionthatcanassayrecentNE 

function.OnesuchmeasureistheactivityoftheLCmeasuredwithBOLDfMRIduringafear 

conditioningparadigm.ThisparadigmwillprovidecomplementaryinformationtotheLCNM

MmsignalbecauseLCactivitypromotesfearconditioningandgeneralizationandenhanced 

fearconditioningisonemodelofthepathophysiologyofPTSD.Afurthercomplimentaiy 
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1003451 Wehavegainedextensiveexpertiseintheacquisitionandanalysisofthisimaging
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measurehereispupillometryAssessmentofpupillarydilationisasensitivemeasureof 
reflexive 0 

autonomicrespondingmediatedbyneuralactivitygeneratedwithinthelocus 

ru.  

1003471 NM-MmsignalintheLCisabiomarkerofNEimbalanceinthecentralnervous 

system.WeevaluatedthisinCanadianArmedForces(CAF)veteranswithPTSDgiventhe 

linkbetweenhyperarousalsymptomsinPTSDandNEfunction.Thissupportstheeffortto 

movefromclinicalsubtypingtowardsneurobiologicalsubtypingofPTSDtopromotetargeted 

treatment[38]andtoacceleratenewtreatmentdiscoverybypreselectinglikely-respondersto 

experimentaltreatments.NM-MmsignalintheLCcorrelates to clinical and 

physiologicalmeasuresofNEfunctioninindividualswithtraumaexposure.  

1003481 EvaluatingtheutilityoftheNM-MRIsignalintheLCasabiomarkeroflong-term 

NEfunctioninindividualsexposedtotrauma(andapossiblemoderatingroleofsexinthis 

0 

1003491 LCNM-MmsignalpositivelycorrelatestoseverityofCAPS-5hyperarousal 

symptomstoskinconductanceresponseduringfearconditioningandtovelocityofpupil 

dilationinbothsexes.  

1003501 EvaluatingtheutilityofBOLDfMRIactivationoftheLCduringfearconditioning 

asanalternativebiomarkerofin-the-momentNEfunctionwhichmaycomplementtheNM

Mmsignalinrelatingtohyperarousal.ExploratoryAimib:ToassessthecorrelationofLC 

measures(NM-MRJandBOLD)tofear-relatedBOLDactivationofbrainstructuresinthe 

classicalfearcircuit[40].ExploratoryAimic:TocompareLCNM-MRIsignalfromtrauma

meetingPTSDcriteria.  

1003511 Preliminarydata 

1003521 ValidationofNM-MRIasameasureofthefunctionofcatecholaminesystems 

1003531 NM-Mmisinfactsensitivetoneuromelanin:NM-MRJsignalcorrespondedto 

regionaltissueconcentrationofNMinhumanpost-mortemmidbrain(f30.87,ti145.05, 

p-10-6,mixed-effectsmodel,116measurements,7specimens).OurinvivoPETimagingstudy 

confirmedthelinkbetweenNM-Mmandfunctionofcatecholamineneurotransmitters(partial 
rho0.69,p0.004,n18;inthisstudythe 0 

catecholamineprobedwasnotNEbutdopamine 

whichgeneratesadopamine-relatedNM-MRJsignalinthesubstantianigraasopposedtothe 

NE-relatedsignalintheLC).NEanditsprecursor, 0 

dopaminefeedintothesamemetabolic 
pathwayleadingtoNMformationthusourvalidationfindingsfromthesubstantianigraNM
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exposedindividualsmeetingCAPS-5criteriaforPTSDtotrauma-exposedindividualsnot
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MMsignalofthedopaminesystemshouldtranslatewelltotheLCNM-MMsignaloftheNE 

system.  

1003541 CorrelationofNM-MRIinthelocuscoeruleustohyperarousalsymptomsin 

PTSD 

1003551 WeexaminedLCNM-MRJsignalinourdatasetof24individualstreatedatthe 

OperationalStressInjury(051)ClinicattheRoyalOttawaMentalHealthCentre(19ofwhich 

metCAPScriteriaforPTSD).TheLCNM-MRJsignalwasmeasuredusingestablished 

methods:thepercentsignalchangeintheLCiscalculatedrelativetoareferenceregionthat 

doesnotcontainneuromelanin.  

1003561 PsychopathologywasmeasuredinthissampleusingtheCAPS-5.Fromthisscale 

weexaminedthehyperarousalsymptomcluster.ConsistentwithourhypothesisLCNM-MRJ 

signalwaspositivelycorrelatedtoseverityoftheCAPS-5hyperarousalsymptomcluster 

(n=0.52,p0.019,partialcorrelationcontrollingforagesexPTSDdiagnosisdepression 

severity[BDItotalscore],seeFig.1.). SimilartopreviousreportsLCNM-MRIsignalwas 

negativelycorrelatedtodepressionseverity(r=-0.48,p0.033,partialcorrelationcontrolling 

foragesexPTSDdiagnosisandhyperarousalseverity).  

1003571 Powercalculation 

1003581 AccordingtoourdataweexpectaneffectsizefortherelationshipbetweenLC 

NM-MRJsignalandhyperarousalsymptomstobeclosetor0.52Evenassumingasomewhat 

weakereffect(r0.4),tobeconservativewewillhave 0 powertodetectasignificant 

correlationwithasamplesizeofn 60.Thereforeweproposetorecruit60participantswith 

(Fig.1),andinternaldatafromtheclinicweexpecttoobserveawiderangeofseverityof 

hyperarousalsymptomsinthispopulationwhichwillsupportouranalysisfocusingonthis 

symptomdimensionanapproachconformingwiththeRDoCapproach[9].  

1003591 Studyparticipants 

1003601 StudyparticipantsarebemaleandfemaleCanadianArmedForcesveteranswitha 

histoiyofoperationaldeployment(aproxyoftraumaexposure),agedbetween18- 55years.  

Individualsabove55yearsofagearenotberecruitedtominimizeconfoundsduetoincipient 

LCdegenerationinsomeindividualswithadvancedage.ConsistentwiththeaimsoftheRDoC 

initiative[9],ourstudyexaminesasinglegroupoftrauma-exposedindividualsrepresenting 

thefullspectrumoftraumarelatedsymptomology.GiventheheterogeneityofPTSDthis 

approachmaximizesourabilitytoidentifyneurobiologicalcorrelatesbyenrollingindividuals 

whohavesimilarlyexperiencedtraumabutvaryinthesymptomdomainofinterest 
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traumahistoiy.Basedonourpreliminarydataintrauma-exposedveteransfromthe051clinic
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(hyperarousal).Wemaximizevariabilityinthismeasureofinterestbutminimizevariabilityin 

otherclinicalmeasures(e.g.traumaexposurecomorbiditieslifestylefactorsthatareimportant 

tomatchinPTSDcontrolgroups).Itwillbenecessarytorecruitn66participantstomeetour 

targetof60participantswithusabledata.Individualswithcomorbidpsychiatricdisorderswill 

beeligibletoparticipate.Exclusioncriteriainclude:activesuicidalintentmajorunstable 

medicalillnesstreatmentwithstimulantmedications(>1monthlifetime),pregnancy, 

neurologicaldisorderandpresenceofanycontraindicationforMRIscanning.Therewillbe 

noexclusionduetosubstanceuseormedicationhistory(asidefromstimulantswhichmay 

influenceNM-MMsignal).InclusivecriteriasuchastheseareconsistentwithmanyPTSD 

studiesseekingtocapturearepresentativesampleinlightoftheprevalenceofsubstanceuse 

disordersinthispopulationandtheheterogeneityofpharmacologicalagentsprescribed(see 

ResponsetoPreviousReviewsforfurtherdiscussionoftheseissues) 

1003611 Recruitmentofoperationallydeployedveteransinthecommunitywilloccurin 

parallelviaclassifiedadsandwordofmouth(e.g.fromparticipantsrecruitedatOSIclinic).  

Tofacilitatesecondaryanalysiscomparingtrauma-exposedindividualswithandwithout 

PTSDwewillensuretoenrolln20(fromthetotalsampleof60trauma-exposedveterans) 

whodonotmeetCAPS-5criteriaforPTSD.Thisbreakdownofparticipantsperfectlymatches 

theproportionofindividualsattheOSIclinicwithadiagnosisofPTSD(660oin2017).To 

properlyassaybothsexesandsupportanalysisofsexeffectswewillensureatminimum400 

ofthesampleisfemale(ourcurrentneuroimagingdatacollectedfromthisclinicincludes7/24 

females,29%).  

1003631 Followingscreeningandconsentallstudyparticipantsundergoa3-4hourtesting 

sessionconductedatTheRoyalOttawaMentalHealthCentreconsistingofanMRJscan 

physiologicalmeasurementandclinicalinterview.Thefollowingclinicalmeasureswillbe 

collectedinallparticipantsbyintervieworself-report:Interviewmeasures:Clinician 

AdministeredPTSDScale(CAPS-5,ourprimaryclinicalmeasureofinterest),Structured 

ClinicalInterviewforDSM5(SCJD-5);self-reportmeasures:PTSDChecklist-5(PCL-5), 

PittsburghSleepQualityIndexLifeEventsChecklistBeckDepressionInventory(BDI-JI), 

BeckAnxietyInventory(BAJ),DissociativeExperiencesScaleDifficultyinEmotion 

RegulationScaletheChemicalUseAbuseandDependenceScale(CUAD),andColumbia 

SuicidalitySeverityRatingScale.  

1003641 Magneticresonanceimaging(MRI)andphysiologicalmeasures 
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1003651 AllsubjectswillundergoMMscanningusingthe3TMR-PETSiemensBiograph 

scannerattheRoyalOttawaMentalHealthCentre.Thiswillincludestructuralscans(Tiand 

T2-weightedscans),anNM-MMscanandaBOLDfunctionalMRJscanduringfear 

conditioning.Totalscanningtimeforeachparticipantwillbearound50minutes.A32-channel 

headcoilisusedforallscans.TheNM-Mmscanisa2D-GREscanwithmagnetizationtransfer 

contrastandthefollowingparameters:TR260insTB2.68insflipangle40 in-plane 
16 9 4 10 

resoiutlon 0.3 mmFoV 2>200,matr 16x512,numberofslice , slice 

thickness3.0mmmagnetizationtransferfrequencyoffset1200HznumberofexcitationsS, 
acquisitiontime8.04minutesBOLD-functionalMMimagesare 9 

acquiredathightemporal 

andanatomicalresolutionwiththefollowingsequenceparameters:66slicesTR 864ins.TB 

mm2Voxelsiz .3mm 
34.8 , Flipangle 52, Matrix 88x90;FoV 208x97.8 , e 2 

isotropic;multibandaccelerationfactor 6.AlsoaspinechosequenceandaBOfieldmapare 

collectedtoassistwithcorrectionofdistortionsandfieldinhomogeneitiesinBOLDimages.  

1003661 BOLDimagingtakesplaceduringafearconditionparadigmconsistingof3 

differentaversiveconditioningtaskseachlastingfor7 9 

minutes.Duringeachtaskparticipants 
are presented with two computer generated neutral faces (created using 

FaceGemwww.facegen.com).Eachtaskhasdifferentfaces.Withineachtask oneface 

(conditionedstimulusCS+)isfollowedbyamildelectricalshock(unconditionedstimulus) 

ontheshinin330oofthetrials.Theotherface(controlstimulusCS-)isneverfollowedbythe 

shock.Skinconductanceresponse(5CR)iscalculatedusingLedalabinMatlabwithamethod 

calledContinuousDecompositionAnalysis(CDA).CDAperformsadecompositionof5CR 

dataintocontinuoussignalsofphasic(peaks9 

("baseline").InpracticethePhasicMax(Maximalpeakafterasingleevent)isaveragedfor 

eacheventtype(CS+CS-).ThefinalvaluethatiscomparedistheCS+/-contrast.Positive 

contrastvaluesindicatesuccessfulconditioningtoCS+.  
9 

1003671 PupilresponsemeasuresareacquiredusingaNeuropticsPLR-3000handheld 

pupilometeravalidatedinstrumentproducinghighlyreproduciblemeasures[48]. The 

pupillometerssoftcupisplacedagainsttheeyetominimizeoutsidelight.Thesubjectholds 

theuntestedeyeopenandfixatesonaspot10feetawayonthewall.Theprotocolforuseof 

thisdevicewasadaptedfromanotherstudyinPTSD.  

1003681 Measurementiscompletedafter5-6secondsduringwhichpupildiameteratrest 

andinresponsetolightpulsestimulationismeasured.Thisprocedureisrepeatedin3 

conditionsofambientlight(lightdimanddark:350,5,and0luxrespectively)witha4minute 

intervalbetweentoadjustthelightlevel.Thecharacteristicsofthelightpulseareasfollows.  
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positivepulsestimuluspulseintensity 50uWbackgroundintensity 0uWmeasurement 

duration 6.02spulseduration 0.30spulseonset 0.70s(for'light'condition)orpositive 

pulsestimuluspulseintensity 1Ou backgroundintensity OuWmeasurementduration 

12.03spulseduration 0.17spulseonset 2.04s(for'dim'and'dark'condition).Blood 
9 pressureatrestwillalsobemeasuredjustpnortothetimeofclinicalassessment.  

1003691 Statisticalanalysis 

1003701 NM-MmsignalintheLCismeasureddirectlyfromNM-MRJimagesusinga 

customautomatedmethod[49](Fig.3).Primaryanalysesarelinearregressionstopredicteither 

CAPShyperarousalscorephasicskinconductanceresponsetofear-conditionedstimulior 

pupillarydilationvelocitybasedontheLCNM-MMsignalandincludingascovariatesage, 

sexandBDJseverity.Asecondarylinearregressionanalysistestamodelpredicting 

hyperarousalsymptomseveritybasedonLCNM-MRJsignalandalsoincludingthe 

physiologicalmeasures(skinconductance bloodpressure andpupillarydiameter)as 

covanatestodeterminewhethertheLCNM-Mmsignalmakesanindependentcontributionto 

predictsymptomseveritybeyondthatofthemoreconvenientperipheralmeasures.Secondary 

analysiswillcompareveteransmeetingCAPS-ScriteriaforPTSD(n40)tothetrauma

exposedveteranswithoutPTSD(II 20)usingalinearregressionanalysiscontrollingforage, 

sexanddepressionseverity.Additionalsecondaryanalyseswillconsidersexeffects.  

1003711 AnalysisoffunctionalMRJdatawillleveragetheNM-Mmimagestoprovidea 

segmentationoftheLCasasubject-specificLClocalizerandthusallowexaminationofLC 

activityduringfear-conditioning.ThismethodprovidesimprovedestimationofBOLDfMRJ 

analysiswillincludeLCNM-MRJsignalandLCBOLDactivation(contrastofconditioned 

stimulusminusunconditionedstimulus)todetermineiftheyarecomplementarymeasuresof 

long-andshort-termNBsystemtoneandindependentlypredicthyperarousalsymptomsand 

physiologicalmeasures.WewillalsoexploitthisrichdatasettoexplorecorrelationofourLC 

measurestofear-relatedactivationofbrainstructuresintheclassicalfearcircuitsuchas 

amygdalahypothalamusandprefrontalcortex(Fig,2)todevelopanintegrativemodelofbrain 

mechanismslinkingNBdysfunctiontoclinicalsymptoms.  

1003721 Sex-andgender-basedanalysis 

1003731 Thereareimportantsexdifferencesinfearsystemsandsex-specificriskfactorsfor 

PTSD[50]andlimitedresearchintoautonomicdysfunctioninwomenwithPTSD[51]. Thus 

wewillexaminewhethersexisamoderatingfactorsintherelationshipbetweentheLCNM

MMsignalandhyperarousalWewilldothisbyincludingasex*LCsignalinteractiontermin 
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activityintheLCcomparedstandardfMRIapproaches[47](Fig.2.).Afinallinearregression
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linearregressionmodelspredictinghyperarousalmeasures.Wewillrecruitatminimum400o 

femalesinoursampletosupportthisanalysis.Wewillalsoperformourprimaryanalysis 

exclusivelyinmenandinwomentoensuretheeffectsizeissimilarinbothgroupssupporting 

itsuseinbothsexes.  
0 

1003741 Example 5. Validation ofthe Al2orithms Across Indications 

1003751 Differentneurologicalandpsychiatricdiseaseshavebeenassociatedwith 

neuromelaninchangesintwomainregionsthesubstantianigraparscompacta(SNc)andthe 

locuscoeruleus(LC).Differentiatingbetweendifferentdisorderswithsimilarclinical 

presentationssolelybasedonpresentingsymptomsisdifficultbecausethesymptomsoften 

overlapbetweenrelatedconditions.  

1003761 Thepresentdisclosuredescribesthecombineduseoftwofullyautomated 

algorithmstomeasureneuromelanin(NM)concentrationsandvolumesintwodifferentbrain 

regions(theSNcandtheLC)toimprovetheabilitytodifferentiatebetweenrelateddisorders.  

Inthisdisclosurethevoxelbasedanalysisalgorithm(previouslyinventedandpatentedat 

ColumbiaUniversity)isusedtomeasureNMintheSNc.HoweversincetheLCismuch 

smallerandmaynotbeaswellsuitedtovoxelbasedanalysisona3TMRI(themostcommonly 

availablescannersintheclinic)anewalgorithmwasinventedatUniversityofOttawato 

measureNMintheLC.ThisLCalgorithmistermedthesegmentedbasedanalysisalgorithm.  

Thisdisclosuredescribesthecombinationofthetwoalgorithmstogetherinasoftwarepackage 

thatcanbeusedtoaidinthediagnosisanddifferentiationofneuropsychiatricdisordersthat 

aredifficulttodifferentiatebetweenbasedonsymptomsalone.  

measureNMintheSNcandthesegmentedbasedanalysisalgorithmisusedtomeasureNM 

changesintheLC.ThesoftwarereportstheNMlevelsandvolumesinbothbrainregionsto 

thephysician.Thecombinationofthesetwoalgorithmstogethermayincreasetheabilityto 

differentiatebetweenrelatedneurologicaldisorders.Theirinclusioninafullyautomated 

softwareallowsthepotentialfortheirwidespreaduseintheclinic.  

1003781 Theunmetmedicalneedaddressedhereistheabilitytodifferentiatebetween 

relateddisorderssuchasParkinson'sdiseasemultiplesystematrophyandprogressive 

supranuclearpalsyaswellasdifferentdementiassuchasAlzheimersdiseaseanddementia 

withLewybodies.Theincreaseinabilitytodifferentiatebetweenrelateddisordersshould 

increasetheutilityofthesoftwareintheclinicandshouldultimatelydriveamorewidespread 

useoftheNMsoftwareasamedicaldevicethanwouldotherwisebepossiblewitheither 

algorithmalone.  
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1003771 Inthisdisclosurethesoftwarethevoxelbasedanalysisalgorithmisusedto
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1003791 Resultsandsupportingdatabyindication 

1003801 131G.13.Thesoftwareautomaticallyappliesamasktoselectthebrainregionfor 

theSNcvoxelbasedalgorithmandasecondmasktoselectthebrainregionfortheLC 

segmentedbasedalgorithm.  

1003811 ParkinsonsDisease 

1003821 ThetwoalgorithmswerevalidatedbyanalyzingNMintheSNcandLCinpatients 

withParkinsonsdiseasecomparedtohealthycontrols.Thevoxelbasedanalysisalgorithm 

foundsignificantdifferencesinNMcontrasttonoiseratio(CNR)intheSNcinpatientswith 

Parkinson'sdiseasewhilethesegmentedbasedalgorithmdidnotfindanydifferencesinthe 

LCinthissamepatientpopulationwhencomparedtohealthycontrols(FIG.14).Thisis 

consistentwiththepriorliteratureshowingthatthemainchangesinNMinParkinsonsdisease 

areintheSNchoweverthisisthefirsttimethatthishasbeencompletedinasinglebrainscan 

utilizingdualfullyautomatedalgorithms.  

1003831 Alzheimersdiseasediagnosis 

1003841 ThealgorithmswerevalidatedinpatientswithAlzheimer'sdiseasecomparedto 

healthycontrols.ThesegmentedbasedanalysisalgorithmwasappliedanalyzetheLCwhile 

thevoxelbasedalgorithmwasappliedtoanalyzetheSNc.Incontrasttothepatientswith 

Parkinson'sdiseasethesegmentedbasedanalysisalgorithmfoundsignificantdifferencesin 

NMintheLCinpatientswithAlzheimer'sdiseasewhilethevoxelbasedalgorithmdidnot 

findanysignificantdifferencesintheSNcinthissamepatientpopulationwhencomparedto 

healthycontrols(FIG.15).Thisisalsoconsistentwiththepriorliteratureshowingthatthe 

whenusedtogetherthevoxelbasedandsegmentedbasedalgorithmsareabletodetect 

significantchangesinNMindifferentbrainregionssimultaneously.  
0 

1003851 PredictionofneuropsychiatncsymptomsofAlzheimersdisease 
1003861 Thecombinationofthetwoalgorithmswasusedtohelpdeterminethepresenceof 

neuropsychiatricsymptomsinpatientswithAlzheimersdisease.Thesegmentedbased 

analysisalgorithmwasappliedanalyzetheLCwhilethevolexbasedalgorithmwasappliedto 

analyzetheSNc(FIG.16).ThesegmentedanalysisoftheLCfoundthattherearesignificant 

increasesinNMintheLCcomparedtohealthycontrols. Thevoxelbasedalgorithmshows 

therearesignificantdecreasesinNMintheSNccomparedtohealthycontrols.Thisisthefirst 

timethatNMlevelsintheSNchavebeenshowntosignificantlypredictthepresenceof 

neuropsychiatricsymptoms.  

1003871 Schizophrenia 
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mainNMchangesinADoccurintheLC.Thecombinationofthesetwodatasetsshowsthat
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9 

1003881 ThealgorithmswerevalidatedinpatientswithSchizophreniaThesegmentedbased 

analysisalgorithmwasappliedanalyzetheLCwhilethevoxelbasedalgorithmwasappliedto 

analyzetheSNe(FIG.17).Itwaspreviouslypublishedthatpatientswithschizophreniahave 

changesinNMlevelsintheSNchoweveritisnotknownwhetherNMlevelschangeinthe 

LC.ComparedtohealthycontrolswefoundsignificantchangesinNMlevelsintheSNcand 
thathigherlevelswereassociatedwithincreasingpsychosis 4 

seventyasmeasuredbythe 

PANSSscale.ImportantlywedidnotfindanysignificantchangeinNMlevelsintheLC.This 

isimportantbecausepatientswithAlzheimer'sexperiencepsychiatricsymptomsthatoverlap 

withsymptomswithschizophrenia(hallucinationsanddelusions).Importantlythisisthefirst 

datasuggestingthatNMlevelsmeasuredintwobrainregionsmayaidinthediagnosisofthese 

illnesses.Importantlypsychoticsymptomsinschizophreniawereassociatedwithanincrease 

inNMintheSNconlywhiletheneuropsychiatricsymptomsofAlzheimer'swereassociated 

withadecreaseinNMintheSNcandanincreaseintheLC.  

1003891 PTSD 

1003901 Thecombinationofthealgorithmswerevalidatedinpatientswithposttraumatic 

stressdisorder(PTSD).  

1003911 Thevoxelbasedalgorithmshowstherearenosignificantassociationofdisease 

severitywithNMlevelsintheSNccomparedtohealthycontrols(FIG.18).Thesegmented 

basedalgorithmshowstherearesignificantchangesintheLCcomparedtohealthycontrols 

andthattheincreaseNMlevelsaresignificantlyassociatedwithdiseaseseverity(rightpanel).  

1003921 MajorDepressiveDisorder 

tohealthycontrols.ThesegmentedbasedanalysisalgorithmwasappliedanalyzetheLCwhile 

thevoxelbasedalgorithmwasappliedtoanalyzetheSNc(FIG.19).Thevoxelbasedalgorithm 

showsthereisanosignificantdifferenceinNMlevelsintheSNccomparedtohealthycontrols 

(leftpanel).ThesegmentedbasedalgorithmshowsthereisatrendtowarddecreasingNM 

levelswithincreasingdiseaseseverityintheLCcomparedtohealthycontrols(rightpanel).  

1003941 Cocaineusedisorder 

1003951 Thealgorithmswerevalidatedinpatientswithcocaineusedisordercomparedto 

healthycontrols.ThesegmentedbasedanalysisalgorithmwasappliedanalyzetheLCwhile 

thevoxelbasedalgorithmwasappliedtoanalyzetheSNc(FIG.20).Applicationofthevoxel 

basedandsegmentedbasedalgorithmstococaineusedisorder.Thevoxelbasedalgorithm 

showsthatincreasedNMintheSNcissignificantlyassociatedwithcocaineusedisorder 
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1003931 Thealgorithmswerevalidatedinpatientswithmajordepressivedisordercompared



WO20221104288 PCT/IJS2021/059590 

comparedtohealthycontrols(leftpanel).Thesegmentedbasedalgorithmshowsthereisa 

trendtowarddecreasingNMintheLCcomparedtohealthycontrols(rightpanel).  

1003961 InoneembodimentthefollowingsummarytableindicatesvariousNMlevelsin 

theSNandLCandhowthismayguidethediagnosisofaspecificdiseaseinthepatientor 
4 

symptomseverity.  
Indication SNcNMlevel LCNMleveldetermined 

determinedwiththe withthesegmentedbased 
voxelbasedalgorithm algorithm 

Schizophreniawith Thehigherthelevel Normal/Unchanged 
psychoticsymptoms themoreseverethe 
(prognostic) symptoms _________________________________ 

9 

Cocaineusedisorder High,140ochange Trendtolow 
(diagnostic) Range 1O~2O0o 

9 

Parkinsonsdisease Low(2300reduction) Normal/Unchanged 
(diagnostic) change(reduction) 

_________________________abovelOgo __________________________ 
Alzheimersdiseasewithout Normal/Unchanged Lowlessthan(Range100o
neuropsychiatricsymptoms l5 0 olower) 
diagnostic ) ________________________________________________________ 
Alzheimersdisease Thelowerthelevelthe Thehigherthelevelthemore 
neuropsychiatricsymptoms moreseverethe severethesymptoms 
controllingfortheseverity symptoms 
oftheillness_(_ronostic) _____________________________________________________ 

pg ________________________ 
Majordepressivedisorder Normal/Unchanged Thelowerthelevelthemore 
(prognostic) _________________________severe the symptoms 
PTSD(diagnosticand Normal/Unchanged High(190ohigher) 
prognostic) 

Rangegreaterthan(1 o 

Alsothehigherthelevelthe 
________________________________________________ more severe the symptoms 

1003971 Example 6. Clinical Trial Validation Across Disease Indications 

1003981 Oneofthedifficultiesfacingthedevelopmentofnewtherapeuticsistheneedto 

enrichenrollmentforthepatientswhoaremostlikelytobenefitfromthetreatmentandexclude 

patientswhoarenotlikelytorespond.Accidentalenrollmentofthewrongpatientsisa 

contributingfactorinclinicaltrialfailuresofnewtherapeuticsandmayresultindevelopmental 

delaysforotherwiseeffectivetreatments.ThisisespeciallynecessaryinPDasthereiswell

knownclinicaldifficultyindifferentiatingParkinsonsdiseasefromdisordersinwhich 

Parkinsonismcanbeapresentingsymptomincludingmultiplesystematrophyparkinsonian 

type(MSA-P)andprogressivesupranuclearpalsy(PSP)orlook-alikessuchassomecasesof 
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essentialtremor(ET)andidiopathicnormalpressurehydrocephalus(iNPH).Aretrospective 

analysishasshownthatdiagnosticaccuracyofgeneralneurologistsforPDis750oandfor 

atypicalparkinsonismincludingPSPandMSAtheaccuracyisonly610oforgeneral 

neurologistsand710oformovementdisorderspecialists.Theauthorsconcludedthatthehigh 

misdiagnosisrateincreasesthenoiseinclinicaltrialsforPD.OnestudyonPTshowedthat 

2500ofpatientswhowereinitiallydiagnosedwithPDwerelaterfoundtohavePT.Similarly, 

areviewofiNPHhasreportedthatwhengaitdysfunctionispresentiNPHmaybedifficultto 

differentiatefromPD.  

1003991 ImagingmodalitiesthathaveshownpromiseinthedifferentialdiagnosisofPD 

haveanumberoflimitationsthatreducetheirutilityasbiomarkersintherapeuticclinicaltrials.  

Theseincludepositronemissiontomographyoftauprotein(Tau-PBT)whichmayaidinthe 

diagnosisofPDvsPSPandtheDaTscanwhichmayaidinthedifferentialdiagnosisofPDvs 

PTandPDvsiNPH[16]. BothofthesemethodsareexpensiverequireIVplacementexpose 

thepatienttoaradioactiveradiotracerrequirelengthyprepandscantimesandrequireaccess 

toaPETscannerandSPECTscannerrespectively.Altogethertheselimitationsmake 

widespreaddeploymentintolargeclinicaltrialsunfeasible.  

1004001 ThisstudyassessesNM-Mmasabiomarkertoaidinthedifferentialdiagnosisof 

PDfrompatientswithPSPMSAPTandiNPH.Fiftysubjectstotal(10pergroup)with 

establisheddiagnosesofPD(priortotreatment),PSPMSA-PPTandiNPH(priortoshunting 

intervention),and10healthycontrolswillundergoNM-Mmscaninadditiontoclinical 

assessmentsincludingmedicalhistoryneurologicalexaminationincludingtheMovement 

concentrationandvolumeofneuromelaninintheSNcandLCofeachbrainhemispherewill 

bedeterminedbyTerransNM-SAMD.AdditionallyTerransuniquevoxel-basedanalysiswill 

beappliedtodeterminevoxel-basedpatternsforeachdisorder.Theprimaryoutcomewillbe 

thedifferencesinabsoluteNMconcentrationandvolumeintheSNcandLC.Thesecondary 

outcomewillbetheregionalspecificvoxel-basedpatternofNMintheSNcandLCuniquefor 

eachdisorder.Recruitmentwilloccurovera12-monthperiod.SpecificallyPDMSAPSP 

andPTpatientsoccursrecruitmentofpatientswithiNPHoccurspriortoshuntingintervention.  

1004011 ThestudyvalidatesthebiomarkerNMtodifferentiatebetweenParkinsons 

spectrumdisorders.NM-Mmcouldimproveboththedesignandexecutionoffutureclinical 

trialsbyaidinginthedifferentiationofPDPSPMSAPTandiNPH.Thisisaninexpensive 

fasteasilyavailablenon-invasivebiomarkerwithbroadapplicationforclinicaltrialsby 

increasingthechanceofclinicaltrialssuccessforfuturetherapeuticstargetingPDorrelated 
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DisorderSociety9sUnifiedParkinsonsDiseaseRatingScale(MDS-UPDRS).Theabsolute
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disordersbyreducingenrollmentofpatientswithanincorrectdiagnosiswhowouldotherwise 

dilutetheeffectsofapotentiallyvaluabletherapeutic.Finallyanenrichedpatientpopulation 

mayreducethecostoffutureclinicaltrialsbyreducingthenumberofpatientsneededtoreach 

statisticalsignificance.  
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canbeusedsynonymouslyhereinthattherecanbeinstanceswhensuchwordscanbeintended 

tonotbeusedsynonymously.Furthertotheextentthatthepriorartknowledgehasnotbeen 

explicitlyincorporatedbyreferencehereinaboveitisexplicitlyincorporatedhereininits 

entirety.Allpublicationsreferencedareincorporatedhereinbyreferenceintheirentireties.  

1005301 Wherearangeofvaluesisprovideditisunderstoodthateachinterveningvalueto 

thetenthoftheunitofthelowerlimit(unlessthecontextclearlydictatesotherwise),between 

theupperandlowerlimitofthatrangeandanyotherstatedorinterveningvalueinthatstated 

rangeisencompassedwithinthedisclosure.Theupperandlowerlimitsofthesesmallerranges 

mayindependentlybeincludedinthesmallerrangesandarealsoencompassedwithinthe 

disclosuresubjecttoanyspecificallyexcludedlimitinthestatedrange.Wherethestatedrange 

alsoincludedinthedisclosure.  
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CLAIMS 

WhatUIsclaimedis: 

1. AninvivomethodofdeterminingtheprogressionofAlzheimersdiseaseovertimein 

asubjectsaidmethodcomprising: 

(i) obtainingafirstNeuromelanin-MagneticResonanceImaging(NM-Mm)scan 

atafirsttimepoint 

(ii) afterstep(i),obtainingasecondNM-MRJscanatasecondtimepoint 

(iii) comparingthefirstneuromelaninmagneticresonanceimagetosaidsecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 

levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttime 

pointandsaidsecondtimepoint.  

2. Themethodaccordingtoclaim1whereinifthechangeinthelevelsignaland/or 

concentrationofneuromelaninatthesecondtimepointismorethanabout100morethanabout 

200,morethanabout30~morethanabout400,morethanabout500,morethanabout60omore 

thanabout700,morethanabout80omorethanabout900,morethanabout1000,morethan 

aboutll~omorethanaboutl2 0 omorethanaboutl3 0 omorethanaboutl4 0 omorethan 

about150omorethanabout200oormorethanabout250olessthanthelevelsignaland/or 

concentrationofneuromelaninatthefirsttimepointAlzheimer'sdiseaseisprogressing.  

(i) obtainingafirstneuromelaninmagneticresonanceimageatafirsttimepoint; 

(ii) afterstep(i),obtainingasecondneuromelaninmagneticresonanceimageata 

secondtimepoints 

(iii) comparingthefirstneuromelaninmagneticresonanceimagetosaidsecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 

levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttime 

pointandsaidsecondtimepoint.  

4, Themethodaccordingtoanyprecedingclaimwhereinifthechangeinthelevelsignal 

and/orconcentrationofneuromelaninatthesecondtimepointismorethanabout100 more 

thanabout200,morethanabout300, morethanabout40~morethanabout500,morethan 

about600,morethanabout70omorethanabout8'~omorethanabout900,morethanabout 
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1000,morethanabout1Komorethanaboutl2 0 omorethanaboutl3 0 omorethanaboutl4 0 o, 

morethanabout150omorethanabout200oormorethanabout250olessthantheAlzheimer's, 

signaland/orconcentrationofneuromelaninatthefirsttimepoint,,adiagnosisofAlzheimer's 

diseaseisprovided.  

5, AmethodofdiagnosingapatientwitAlzheimersdiseasesaidmethodcomprising: 

(i) measuringalevelofneuromelanin 

(ii) comparingthelevelofneuromelanintoastandardcontrol, 
I, 

(iii) optionallyprovidingadiagnosisofAlzheimersdiseaseifthemeasuredlevel 
ofneuromelaninislowerrelativetothestandardcontrol.  

6. Themethodaccordingtoanyprecedingclaimfurthercomprisingdeterminingafirst 

signalintensityfromsaidfirstneuromelaninmagneticresonanceimageanddetermininga 

secondsignalintensityfromsaidsecondneuromelaninmagneticresonanceimagewherein 

saidcomparingthefirstmagneticresonanceimagetosaidsecondmagneticresonanceimage 

compnsescomparingthefirstsignalintensitytothesecondsignalintensity.  

7. Themethodofanyoftheprecedingclaimswhereinastandardcontrolisalevelof 

neuromelaninpresentatapproximatelythesamelevelsinapopulationofsubjectsorsaid 

standardcontrolisapproximatelytheaveragelevelofneuromelaninpresentinapopulationof 

S. Themethodaccordingtoanyprecedingclaimwhereinaneuromelaningradient 

phantomisusedtomeasurethelevelsignaland/orconcentrationofneuromelanin.  

9, Themethodaccordingtoanyprecedingclaimwhereinaneuromelaninphantom 

concentrationgradientisscannedaboutonceperpatientaboutonceanhouraboutonceaday, 

aboutonceaweekoraboutonceamonth.  

10. Themethodofanyoftheprecedingclaimswhereinaneuromelaninphantomgradient 

isscanneddaily.  

11. Themethodaccordingtoanyprecedingclaimwhereinaneuromelaninphantom 

gradientisscannedwitheachpatient.  
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12. Themethodaccordingtoclaims5-11whereinifthechangeinthelevelsignaland/or 

concentrationofneuromelaninatthesecondtimepointismorethanabout50olessormore 

thanabout100olessthanthelevelsignaland/orconcentrationofneuromelaninatthefirsttime 

pointwhereinthefirsttimepointandthesecondtimepointareabout1yearabout2years 

about3yearsabout4yearsabout5yearsabout6yearsabout7yearsabout8yearsabout 

9yearsorabout10yearsapartadiagnosisofAlzheimer'sdiseaseisprovided.  

13. Themethodaccordingtoanyprecedingclaimwhereinifthechangeinthelevelsignal 

and/orconcentrationofneuromelaninatthesecondtimepointismorethanabout350oless 

morethanabout 4 O0 olessmorethanabout45%lessormorethanabout50%lesssignaland/or 

concentrationofneuromelaninatthefirsttimepointwhereinthefirsttimepointandthesecond 

timepointareabout1yearabout2yearsabout3yearsabout4yearsabout5yearsabout6 

yearsabout7yearsabout8yearsabout9yearsorabout10yearsapartadiagnosisof 

Alzheimer'sdiseaseisprovided.  

14. Themethodaccordingtoanyprecedingclaimwhereinthesecondtimepointisabout 

3monthsabout6monthsabout9monthsabout12monthsabout2yearsabout3years 

about4yearsabout5yearsabout6yearsabout7yearsabout8yearsabout9yearsabout 

10yearsabout15yearsabout20yearsabout25yearsorabout30yearsafterthefirsttime 

15. Amethodofassessingtheneuromelaninconcentrationinaregionofinterestofthe 

brainofasubjectcomprising: 

performingaNeuromelanin-MagneticResonanceImaging(NM-MRI)scanonthe 

subject 

acquiringaneuromelanindatasetfromtheNM-Mm~ 

optionallyencryptingtheneuromelanindataset 

uploadingtheneuromelanindatasettoaremoteserver 

optionallydecryptingthedataset 

performingananalysisoftheneuromelanindatasetwhereintheanalysiscomprises 

oneormoreof 

(i) comparingtheneuromelanindatasetwithoneormorepreviouslyacquired 

neuromelanindatasetsfromthesaidsubject; 
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(ii) comparingtheneuromelanindatasetwithacontroldataset 

(iii) comparingtheneuromelanindatasetwithoneormorepreviouslyacquired 

neuromelanindatasetsfromdifferent 'I 

(iv) generatingareportcomprisingtheneuromelaninanalysis 

(v) optionallyencryptingthereport 

(vi) uploadingthereporttoremoteserverand 

(vii) optionallydeciyptingthereport.  

16. AmethodofdeterminingifasubjecthasorisatriskofdevelopingAlzheimer'sdisease 

themethodcomprisinganalyzingoneormoreNeuromelanin-MagneticResonanceImaging 
4 (NM-MM)scansofthesubjectsbrainregionofinterestwhereintheanalyzingcomprises.  

receivingimaginginformationofthebrainregionofinterestand 

determiningaNMconcentrationinthebrainregionofinterestusingsegmented 

analysisbasedontheimaginginformation 

whereinthedeterminingifasubjecthasorisatriskofdevelopingAlzheimer'sdisease 

composes: 

(1)iftheoneormoreNM-MRIscanshasadecreasedNMsignalcomparedtoaoneor 

morecontrolscanswithoutAlzheimersdiseasethenthesubjecthasorisatriskof 

developingAlzheimer'sdiseaseor 

(2)iftheoneormoreNM-MmscanshasaNMsignalcomparabletothesignalofa 

oneormorecontrolscanswithoutAlzheimer'sdiseasethenthesubjectdoesnothave 

17. AmethodoftreatingasubjectwithAlzheimer'sdiseasethemethodcomprising 

analyzingNeuromelanin-MagneticResonanceImaging(NM-Mm)scansofthesubject'sbrain 

regionofinterestwhereintheanalyzingcomprises: 

(i) receivingimaginginformationofthebrainregionofinterestatafirsttimepoint 

(ii) receivingimaginginformationofthebrainregionofinterestatasecondtime 
0 

point; 

(iii) determiningaNMconcentrationatthefirstandsecondtimepointsinthebrain 

regionofinterestusingsegmentedanalysisbasedontheimaginginformation;and 

(iv) comparingtheNMconcentrationatthefirsttimepointtothesecondtimepoint, 

whereinthetreatmentmethodfurther 9 

composes: 
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(1) iftheNM-MRIscanatthesecondtimepointhasadecreasedNMsignal 

comparedtotheNMsignalatthefirsttimepointthemethodcomprisesadministering 

oneormoreAlzheimersdiseasetherapeuticsor 

(2) iftheNM-MRJscanatthesecondtimepointhasanincreasedNMsignal 

comparedtotheNMsignalatthefirsttimepointthemethodcomprises: 

(a) withholdingadministeringoneormoreAlzheimer'sdiseasetherapeuticwand 

(b) repeatingsteps(i)through(iv).  

18. ThemethodaccordingtoanyprecedingclaimwhereintheMRIscanisneuromelanin 

sensitive.  

19. AmethodofprovidingatreatmentregimentoapatientcomprisingperformingtheNM

MMscanacquiringNMsignalfromtheNM-Mmscaninaregionofinterestcomparingthe 

NMsignalfromtheNM-Mmscaninaregionofinterestdatatoagematcheddatabase 

numbersiftheNMsignalislessthanapre-determinedvalueadministeringacorresponding 
4 

treatmentregimen.  

20. ThemethodaccordingtoanyprecedingclaimwhereintheNM-MRJiscomparedtoa 

standardcontrol.  

21. Themethodaccordingtoanyprecedingclaimwhereinthepatientdisplayssymptoms 

22. ThemethodaccordingtoanyprecedingclaimwhereintheNM-Mmscandistinguishes 

betweenAlzheimer'sdiseaseandParkinsonsdiseaseandbetweenAlzheimer'sdiseaseand 

dementiawithlewybodies.  

23. Themethodaccordingtoanyprecedingclaimwhereinthesubjectorpatientexhibits 

oneormoresymptomofAlzheimersdisease.  

24. Themethodaccordingtoanyprecedingclaimwhereinapatientisdiagnosedwith 

Alzheimer'sdiseasewithoutdisplayingsymptoms.  
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25. Themethodaccordingtoanyprecedingclaimfurthercomprisingdiagnosingthe 
5 patientashavingAlzheimersdiseaseorasnothavingAlzheimer'sdiseaseandindicatingthe 

diagnosistoauserviaauserinterface.  

26. ThemethodaccordingtoanyprecedingclaimS whereintheanalysisisasegmented 

analysis.  

27. Themethodaccordingtoanyprecedingcl~mSwhereinthesegmentedanalysis 

compnsesdeterminingatleastonetopographicalpatternwithinthebrainregionofinterest.  

28. Themethodaccordingtoanyprecedingclaim 5 whereinthemethodfurthercomprisesa 

calculationusingavaluethatrepresentsavolumeofaneuromelaninsegment.  

29. Themethodaccordingtoanyprecedingclaim 5 whereinthesegmentedanalysisregion 

ofinterestisthesubstantianigra.  

30. Themethodaccordingtoanyprecedingclaim 5 whereinthesegmentedanalysisregion 

ofinterestthelocuscoeruleus.  

31. AdiagnosticsystemforprovidingdiagnosticinformationforAlzheimerS5 diseaseS 

thediagnosticsystemcomprising: 

alongwithaneuromelanindataseriesforavoxelorsegmentlocatedwithinaregionofinterest 

inasubject.55 S 

asignalprocessorconfiguredtoprocesstheseriesofneuromelanindatatoproducea 

processedneuromelaninMMspectrunvand 
4 

adiagnosticprocessorconfiguredtoprocesstheprocessedneuromelaninMM 

spectrumto.  

extractameasurementfromtheregionofinterestcorrespondingwith 

neuromelaninatatimepoint, 

comparethemeasurementtooneormorecontrolmeasurementsacquiredprior 
tothetime S 

pOint' 
S provideadiagnosisofAlzheimersdiseaseifthemeasurementismorethan 

about25%lessthanthecontrolmeasurement.  
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32. AmethodfortreatingapatientwithAlzheimersdiseasecomprising: 

a)administeringtoapatientaninitialamountofanAlzheimer'sdisease 

therapeutic* 

b)performingserialNM-MMscansofthepatientmonitoringtheneuromelanin 

concentrationinaregionofinterestinthepatient'sbrainandassessingtreatment

relatedadverseeventsoveraninitialtreatmentperiod 

c)ifduringtheinitialtreatmentperiodthepatientexhibits 

i) decreasedneuromelaninconcentrationintheregionofinterestin 

thepatient'sbrain 

ii) notreatmentassociatedadverseorsideeffectw 

thenincreasingthedoseofAlzheimersdiseasetherapeuticinasubsequenttreatment 

period 

whereintheAlzheimer'sdiseasetherapeutictreatmentresultsinanimprovementin 

Alzheimer'sdiseasesymptomsinthepatient.  

33, Themethodofclaim32,9 thefollowingstep: 

d)repeatingstepsa)-c)untilthepatientfailstoexhibitoneormoreofi)-ii)instepc).  

34. Themethodaccordingtoanyprecedingclaimwhereinthemethodisusedwitha 

secondimagingmethodwhereinthesecondimagingmethodisselectedfromthegroup 

(fMRJ),bloodoxygenleveldependent(BOLD)fMRI ironsensitiveMMquantitative 

susceptibilitymapping(QSM),diffusiontensorimagingDTJandsinglephotonemission 

computedtomography(SPECT),DaTscanandDaTquant.  

35. Themethodaccordingtoanyprecedingclaimwhereinthesecondimagingmethod 

compnsesPositronEmissionTomography(PET).  

36. Themethodaccordingtoanyprecedingclaimwhereinthesecondimagingmethod 

compnsesstructuralMM.  

37, Themethodaccordingtoanyprecedingclaimwhereinthesecondimagingmethod 

compnsesfunctionalMM(fMRJ).  
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38. Themethodaccordingtoanyprecedingclaimwhereinthesecondimagingmethod 

compnsesbloodoxygenleveldependent(BOLD)fMRL 

39, Themethodaccordingtoanyprecedingclaimwhereinthesegmentedanalysis 

compnsesdeterminingatleastonetopographicalpatternwithinthebrainregionofinterest, 

whereinthebrainregionofinterestisoneormoreAlzheimer'sdiseasesymptom-associated 

segments.  

40. Themethodaccordingtoanyprecedingclaimwhereinthesegmentedanalysis 

compnsesdeterminingatleastonetopographicalpatternwithinthebrainregionofinterest, 

whereinthebrainregionofinterestisoneormorepatientspecificAlzheimer'sdisease 

symptom-associatedsegments.  

41. Themethodaccordingtoanyprecedingclaimwhereinthebrainregionofinterestis 

thesubstantianigraorthelocuscoeruleus.  

42. Themethodaccordingtoclaims1-41, whereinthebrainregionofinterestistheventral 

substantianigra.  

43. Themethodaccordingtoclaims1-41whereinthebrainregionofinterestisthelateral 

44. Themethodaccordingtoclaims1-41 whereinthebrainregionofinterestisthe 

ventrolateralsubstantianigra.  

45, Themethodaccordingtoclaims1-41 whereinthebrainregionofinterestisthe 

substantianigraparscompacta(SNpc).  

46. Themethodaccordingtoclaims1-41 whereinthebrainregionofinterestisthe 

substantianigraparsreticulata(SNpr).  

47. Themethodaccordingtoclaims1-41, whereinthebrainregionofinterestistheventral 

tegmentalarea(VTA).  
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48. Themethodaccordingtoclaims1-41, whereinthebrainregionofinterestisthelocus 

ru.  

49, Anmethodofdiagnosingdeterminingtheprogressionovertimeoforproviding 

aprognosisofaneurologicaldisorderinasubjectsaidmethodcomprising: 

(i) obtainingafirstNeuromelaninMagneticResonanceImaging(NM-MM) 
scanatafirsttime 'I 

point 

(ii) afterstep(i),obtainingasecondNM-MMscanatasecondtimepoint 

(iii) performingasegmented-basedalgorithmanalysistodeterminethelevel, 

concentrationand/orvolumeofneuromelanin(NM)inthelocuscoeruleus(LC); 
9 

(iv) performingavoxel-basedalgorithmanalysistodeterminethelevel, 

concentrationand/orvolumeofneuromelanininthesubstantianigraparscompacta(SNc); 

(v) comparingthefirstneuromelaninmagneticresonanceimagetothesecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 

levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttimepoint 

andsaidsecondtimepointinboththeSNcwiththevoxel-basedalgorithmandtheLC 

withthesegmentedbasedalgorithm.  

(vi)providingadiagnosisprogressionovertimeorprognosisoftheneurological 

disorderbasedonthedifferenceinthelevelofNMCintheSNcbetweenthefirstand 

secondscansandthedifferenceinthelevelofNMintheLCbetweenthefirstand 

50. Aninvivomethodofselectingatreatmentregimenforthepreventionortreatment 

ofaneurologicaldisorderinasubjectsaidmethodcomprising: 

(i) obtainingafirstNeuromelaninMagneticResonanceImaging(NM-MM) 

scanatafirsttimepoint 

(ii) afterstep(i),obtainingasecondNM-MMscanatasecondtimepoint 

(iii) performingasegmented-basedalgorithmanalysisanddeterminingthelevel, 

concentrationand/orvolumeofneuromelanin(NM)inthelocuscoeruleus(LC); 

(iv) performingavoxel-basedalgorithmanalysisanddeterminingthelevel, 

concentrationand/orvolumeofneuromelanininthesubstantianigraparscompacta(SNc); 

(v) comparingthefirstneuromelaninmagneticresonanceimagetothesecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 
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levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttimepoint 

andsaidsecondtimepointinboththeSNcwiththevoxel-basedalgorithmandtheLC 

withthesegmentedbasedalgorithm 

(vi) providingadiagnosisprogressionovertimeorprognosisofthe 

neurologicaldisorderbasedonthedifferenceinthelevelofNMintheSNcbetweenthe 

firstandsecondscansandthedifferenceinthelevelofNMintheLCbetweenthefirst 

andsecondscans.  

(vi) administeringthetreatmentregimencorrespondingwiththedetermined 

neurologicaldisorder.  

51. Amethodfordistinguishingbetweenmotordiseaseswithsimilarlypresenting 

symptomscomprising: 

(i) performinganexaminationtodetermineaUnifiedParkinsonsDiseaseRating 

Scalescore, 

(ii) obtainingafirstNeuromelanin-MagneticResonanceImaging(NM-MM) 

scanatafirsttimepoint 

(iii) aftersteps(i)and(ii),obtainingasecondNM-MMscanatasecondtime 
C 

point; 

(iv) performingavoxel-basedanalysisanddeterminingtheconcentrationand/or 

volumeofNMintheSNc, 

(v) performingasegmentedbasedanalysisanddeterminingtheconcentration 

(vi) companngthefirstneuromelaninmagneticresonanceimagetothesecond 

neuromelaninmagneticresonanceimagetherebydeterminingwhetherachangeinthe 

levelsignaland/orconcentrationofneuromelaninoccurredbetweensaidfirsttimepoint 

andsaidsecondtimepointinboththeSNcandLC 

(vi)providingadiagnosisprogressionovertimeorprognosisoftheneurological 

disorderbasedonthedifferenceinthelevelofNMintheSNcbetweenthefirstand 

secondscansandthedifferenceinthelevelofNMintheLCbetweenthefirstand 

secondscans.  

52. Amethodofdiagnosingapatientwitaneurologicaldisordersaidmethod 

comprising: 
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(i) measuringaconcentrationand/orvolumeofneuromelaninintheSNeusinga 

voxel-basedanalysismethodandmeasuringaconcentrationand/orvolumeofneuromelanin 

intheLCusingasegmentedbasedanalysismethod; 

(ii) comparingthelevelofneuromelaninintheSNctoastandardcontrollevelof 

neuromelaninintheSNcandcomparingthelevelofneuromelaninintheLCtoastandard 

controllevelofneuromelaninintheLC, 

(iii) providingadiagnosisoftheneurologicalconditionifthemagnitudeorratioof 

SNcandLCneuromelaninislowerorhigherforeachoftheirrespectiveregionsrelativeto 

thestandardcontrol.  

53, Themethodaccordingtoanyoneofclaims48-52,whereinthemethodisusedwitha 

secondimagingmethodwhereinthesecondimagingmethodisselectedfromthegroup 

consistingofpositronemissiontomography(PET),tau-PBTstructuralMMcomprises 

ironsensitiveMRJ, 
functionalMRI(fMRI),bloodoxygenleveldependent(BOLD)fMRJ,9 
quantitativesusceptibilitymapping(QSM),diffusiontensorimagingDTJandsinglephoton 

emissioncomputedtomography(SPECT),DaTscanandDaTquant.  

54. Themethodofclaim53,whereinthesecondimagingmethodcomprisesPositron 

9 Tomography(PET).  

56. Themethodofclaim53,whereinthesecondimagingmethodcomprisesfunctionalMM 

(fMRJ).  

57, Themethodofclaim53,whereinthesecondimagingmethodcomprisesbloodoxygen 

leveldependent(BOLD)fMRI.  

58. Themethodofanyoneofclaims1-57whereintheanalysisfocusesonthe 

neuromelaninlevelconcentrationvolumeorpatternwithinsymptom-specificand/or 

disease-specificvoxelsintheSNc.  
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59. Themethodofanyoneofclaims1-57whereintheanalysisfocusesonthe 

neuromelaninlevelconcentrationvolumeorpatternwithinsymptom-specificand/or 

disease-specificsegmentsintheLC.  

60. Themethodofanyoneofclaims1-57whereintheanalysisfocusesonthe 

neuromelaninlevelconcentrationvolumeorpatternwithinsymptomspecificand/or 

disease-specificvoxelsintheSNcandtheneuromelaninlevelconcentrationvolumeor 

patternwithindisease-specificand/orsymptom-specificsegmentsintheLC.  

61. Themethodofanyoneofclaims1-57whereintheanalysisfocusesonthe 

neuromelaninlevelconcentrationorvolumewithintheSNcandtheneuromelanin 

levelconcentrationvolumeorpaftemwithindisease-specificand/orsymptom-specific 

segmentsintheLC.  

62. Themethodofanyoneofclaims1-57whereintheanalysisfocusesonthe 

neuromelaninlevelconcentrationvolumeorpatternwithinsymptom-specificand/or 

disease-specificvoxelsintheSNcandtheneuromelaninlevelconcentrationorvolume 

withintheLC.  

63. Themethodofanyoneoftheprecedingclaimswhereintheneurological 

conditionisselectedfromschizophreniacocaineusedisorderParkinson4, disease, 

Alzheimer4, sdiseasemajordepressivedisorderand/orpost-traumaticstressdisorder.  
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