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ABSTRACT

Aradiologistmustreadhundredsofslicestorecognizeamalignantorbenignlungtumorincomputed
tomography(CT)volumedata.Toreducetheburdenoftheradiologist,someproposalshavebeen
appliedwiththeground-glassopacity(GGO)nodules.However,theGGOnodulesneedbedetectedand
labeledbyaradiologistmanually.SomesliceswiththeGGOnodulecanbemissedbecausethereare
manyslicesinseveralvolumedata.Althoughsomepapershaveproposedasemi-supervisedlearning
methodtofindthesliceswithGGOnodules,thewasnodiscussionontheimpactofparametersin
theproposedsemi-supervisedlearning.Thisarticlealsoexplainsandanalyzesthelabelpropagation
algorithmwhichisoneofthesemi-supervisedlearningmethodstodetecttheslicesincludingthe
GGOnodulesbasedontheparameters.Experimentalresultsshowthattheproposalcandetectthe
slicesincludingtheGGOnoduleseffectively.
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1. INTRODUCTION

Lungcancerisamalignantlungtumorintissuesofthelung.The85%oflungcancercasesisdueto
long-termtobaccosmoking(Alberg,2016).Theremaining10%-15%iscausedbyacombinationof
geneticfactorsandexposuretoradongas,asbestos,second-handsmoke,orotherformofairpollution
(Alberg,2016;O’Reilly,2007;Carmona,2006).Worldwidein2012,lungcanceroccurredin1.8
millionpeopleandresultedin1.6milliondeaths.In2016,AmericanCancerSocietyestimatedthe
224,390peoplediedoflungcancerinUnitedStates(Siegel,Miller&Jemal,2016).In2015,the
mortalityoflungcancercasesis610,200inChina(Chen,2016).Althoughtheprimarymethodof
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preventionisavoidanceofriskfactorsincludingsmokingandairpollution,treatmentandlong-term
outcomesareimportanttopatientswhohavealreadylungcancer.Asweknow,iflungtumorhas
beenfoundearly,survivalrateoflungcancercanupto90%in5years(Elsayed,2015).

ComputedTomography(CT)screeningisoneofthewaystodetectlungtumors(Ali,2016).The
volumedatacanbegeneratedlessthan1secondwiththedevelopmentofCTtechnology.Thevolume
dataincludemanyslices.Thenumberoftheslicesinavolumedatadependsonthethicknessofthe
slices.Therewillbegeneratedalotofsliceswhenthesliceshaveasmallerthethickness.Inorder
toconfirmmalignantorbenignofthelungtumor,severalvolumedatawithdifferentparameters
wouldbecheckedtoapatient.Inotherwords,aradiologistmustreadatleasthundredsofslicesto
recognizemalignantorbenignofthelungtumor.Thus,thereisahighrisktojudgemalignantor
benignofthelungtumor.

Computer-aideddetectionordiagnosis(CAD)hadbeenproposedtoassistdoctorstoreducethe
burden.SomeCADsystemsarefordetectionoflungnodulesinCT(Arimura,2004;Suzuki,2003)
andfordiagnosis(Suzuki,2005;Nakamura,2000).Someapproaches(Elsayed,2015;Yaguchi,2015)
havebeenproposed todetect lungcancerbasedon some featuresof solidnodules (MacMahon,
2005) by image processing methods. Especially, with the development of artificial intelligence,
deeplearningalgorithmshadbeenappliedwithdetectionofmalignantorbenignofthelungtumor
(Jiang,2017;He,2016).However,thesystemofCADcannotbeapplied,evenifthesystemhasa
highdetectionrate.Thisistworeasonsasfollows.First,thedetectionrateoflungnodulesischange
basedondifferenttrainingdata.Secondly,theresultofdetectiononlungnodulescannotbeexplained
topatients.Moreover,althoughsomelungnoduleshadbeenappliedwithCADsuchassolidnodules,
therearesomelungnodulescannotberecognizeddependedonthesizeandtypesoflungnodules
suchGround-GlassOpacity(GGO)nodules.

GGOnoduleshavetwotypesbasedonahazyopacity(Hansell,2008).Thefirsttypeispart-
solidGGOnoduleswhichhavesolidpartinGGOnodules.ThesecondoneispureGGOnodules
whichhavenosolidpartinGGOnodules.GGOnoduleshavebeenencounteredinclinicalpractice
withwidespreaduseofCT.GGOnodulescanbeshowedfromdifferentcharacterstomalignantor
benigntumors(Park,2007).However,thelesionofGGOnodulesmaybethelungcancerortheir
precursorlesionsaccordingtonochangeinthedisappearance(Takashima,2003).Untilnow,the
malignantorbenignofGGOnodules aredeterminedbasedon twoways.One isCTscreening,
andtheotherispathology.SomefeaturesofGGOnodules(Chae,2014)canhelparadiologistto
distinguishmalignantorbenignofGGOnodules.TheGGOnodulesshouldbesegmented,andthen
beextractedtheirfeaturesbasedonsegmentation.TheGGOnodulewassegmentedbyaradiologist
manually.Ittook20min.toobtaintheregionoftheGGOnodule.TheboundaryofthewholeGGO
nodulewasobtainedbytheradiologistinFigure1.Thispaper(PhilipsHealthcare2013)onlyhas
the3DviewerofalungnoduleshowedatFigure2withoutthesizeofsolidpartinaGGOnodule.
Someproposals(Miao,2016;Miao,2017)hadbeenappliedwithGGOnodules.However,theGGO
nodulesneedbedetectedandlabeledbyaradiologistmanually.TheslicewiththeGGOnodulecan
bemissed,astherearemanyslicesinseveralvolumedata.Althoughthispaper(Yuan,2017)had
proposedasemi-supervisedlearningtofindthesliceswithGGOnodules,thispaper(Yuan,2017)
hasnodiscussionontheimpactofparametersintheproposedsemi-supervisedlearning.Thispaper
alsoexplainedandanalyzedthelabelpropagationalgorithmwhichisoneofthesemi-supervised
learningmethodstodetecttheslicesincludingtheGGOnodulesbasedontheparameters(Yuan,
2017).TheGGOnoduleswereexperimentedfrom21patients,whichareprovidedbyTianjinchest
hospital,China.ExperimentalresultsshowthattheproposalcandetecttheslicesincludingtheGGO
noduleseffectively.

Thispaperisorganizedasfollows.AnoverviewondetectionofmalignantorbenignoftheGGO
nodulesisshowedinSection2.Thesection2introducesbackgroundofthispaper.Theproposed
modelwillbeexplainedinSection3withtoydata.InSection4,theeffectivenessoftheproposed
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