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Abstract:Background:Boneandsofttissuesarcomasoftengiverisetopulmonary
metastases,forwhichsurgicalresectionisindicatedinmostcases.
Methods:Aretrospectivestudywasconductedof38surgeriesperformedon22

patientswithina14-yearperiodbetweenMarch2001andMarch2014forcurative
resectionofboneandsofttissuesarcomasfollowedbysurgicalresectionofpulmonary
metastases.Forallcases,high-resolutioncomputedtomography（HRCT）wasperformed
forpreoperativestagingpriortoorthopedicsurgery,attheendofadjuvantchemotherapy,
andafterradicalorthopedicsurgery.Duringoutpatientfollow-up,CTexaminationswere
performedevery6monthsfor5years.Whenpulmonarymetastasesweredetected,each
patientwascarefullyexaminedanddeterminedtobeasuitablecandidateforcomplete
metastasectomy.Ifthemetastaticlesionwasnoteasilydistinguishedfromthevisceral
pleura,lipiodolmarkingwasperformedtoclearlyidentifythetumorlesionswithC-arm
X-rayfluoroscopyduringvideo-assistedthoracoscopicsurgery.Forthisprocedure,a
radiologistinjected0.2mLlipiodolpercutaneouslythrougha21-gaugeneedleunderCT
fluoroscopicguidanceinthevicinityofthetargetpulmonarytumor.Survivalwasanalyzed
withrespecttonumberofmetastaticlesions,primarytumorsite,tumorpathology,tumor
depth,andtimingofpulmonarymetastasisidentification.
Results:Thirty-eightsurgerieswereperformedon22patientstoresectpulmonary

metastasesfromboneandsofttissuesarcomas.Therewerenointraoperativecomplica-
tionsandnoperioperativedeaths.Postoperatively,the1-year,2-year,and5-yearsurvival
rateswere60.7％,40.5％,and34.7％,respectively.Patientswithanisolated,single
pulmonarymetastasisatthetimeofsurgeryhadasignificantlybetterprognosisthan
thosewhohadmultiplemetastases.
Conclusion:Patientswithasingleisolatedpulmonarymetastasisatthetimeof

surgerytendtohaveabetterprognosisthanthosewithmultiplemetastases.Forpatients
withprimaryosteosarcomaorsofttissuesarcoma,follow-upwithHRCTtodetectsmall
lungmetastasis,lipiodolmarkingtodelineatethelesions,andprecisepartialpulmonary
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resectionofthemetastasesareimportantproceduresforimprovingprognosis.
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Prognosis.

Introduction

Forpatientswithprimaryosteosarcomasandsofttissuesarcomas,curativesurgicalresectionis
thetreatmentofchoice.Computedtomography（CT）isperformedtodetectsystemicmetastasesand
toassessdiseaseprogressionaftersurgery.Inmostcases,pulmonarymetastaticfociaredetected.
Althoughvariousmethodsareusedforthetreatmentofthemetastases,theprognosisofthesepatients
iscurrentlyverypoor.
Osteosarcomasoccurmostofteninyoungpatients,theincidenceofpleomorphicsarcomapeaks

inpatientsintheir60s,whereassynovialsarcomasoftendevelopinthelimbsofpatientsintheir20sand
30s.Thus,thethreetypesofsarcomaspresentinindividualsindifferentagegroups.Boneandsoft
tissuesarcomasofthelimbsaremostlikelytometastasizetothelungs,andcompletesurgicalresection
ofthesemetastasesistheonlytreatmentthatcanimproveprognosisandprolongsurvival1）2）.
Osteosarcomasaremalignanttumorsthatarisefromthebones.InJapan,osteosarcomaisthemost

frequentlyencounteredosteogenicprimarymalignanttumor,occurringmostcommonlyinadolescents.
Inaddition,softtissuesarcomasshow variousmetastaticpatterns,includinggastrointestinal
metastasis3）anddisseminatedlesionsinthepleuralsurface,undetectableonCT4）5）.The5-yearsurvival
rateafterresectionofpulmonarymetastasesfromosteosarcomasandsofttissuesarcomasis36.0-
50.9％6-8）.Partiallungresectionisthemainsurgicalapproachformetastaticlungtumors.However,
surgicalresectionofthepulmonarylesionsisindicatedonlywhentheprimarytumorhasbeen
controlled7）.Inthisstudy,thetherapeuticoutcomesofpatientswithboneandsofttissuesarcomaswith
pulmonarymetastasestreatedwithmetastasectomyinourdepartmentwereevaluated.

Method

Wereviewed38surgeriesperformedon22patientswithina14-yearperiodbetweenMarch2001
andMarch2014forcurativeresectionofboneandsofttissuesarcomas.Inallpatients,thepresence
ofpulmonarymetastaticfociwasconfirmedduringpostoperativeoutpatientfollow-up,anindicationfor
metastaticlungtumorresection.Forallpatients,high-resolutionCT（HRCT）witha1-mmslice
thicknesswasperformedpreoperativelyasastagingexaminationbeforeorthopedicsurgery,attheend
ofadjuvantchemotherapyafterradicalorthopedicsurgery,andevery6monthsfor5yearsduring
outpatientfollow-up.Whenpulmonarymetastasesweredetected,eachpatientwascarefullyexamined
anddeterminedtobeasuitablecandidateforcompletemetastasectomy.Ifthemetastatictumorlesion
wasnoteasilydistinguishedfrom thevisceralpleuraduringvideo-assistedthoracoscopicsurgery
（VATS）,lipiodolmarkingwasperformedtoclearlyidentifythetumorlesionsunderC-armX-ray
fluoroscopy.Forthisprocedure,aradiologistinjected0.2mLlipiodolpercutaneouslythrougha21-
gaugeneedleunderCTfluoroscopicguidanceinthevicinityofthetargetpulmonarytumor.
Patientprognosisafterpulmonarymetastasectomyandthepredictiveindicatorsofprognosiswere

assessedretrospectively.Thesurvivalratesat1,2,and5yearsaftersurgeryforpulmonarymetastases
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（onbothlungsinpatientswithbilateralpulmonarymetastases）werecalculatedusingtheKaplan-
Meiermethod.Thesurvivalratesbetweengroupswerecomparedusingthelog-ranktest,andap-value
of＜0.05wasconsideredstatisticallysignificant.
Forthe18patientswithresectedmassesconfirmedbyCT,thedistancefromthepleuralsurface

wasmeasured,andlesionswereclassifiedasdeeporsuperficial.Thisdeterminationwasbasedon
whethertumorscouldbegrippedandtreatedeasilywitharingedforcepsduringpartiallungresection;
lesionswereconsideredsuperficialiftheywerelocated＜3cmfromthepleuralsurfaceanddeepif
located 3cmfromthepleuralsurface.

Results

Atotalof22patients,16menand6women,wereevaluated.Themeanageatthetimeoflung
surgerywas50years（range,18-76years）,48yearsformenand54yearsforwomen.Themeanage
atthetimeofprimarylesiondevelopmentwas47years.Excluding3patientsinwhomlungmetastases
wereapparentatthetimeofinitialdiagnosis,themeandurationbetweenprimarylesionsurgeryandthe
diagnosisofmetastaticlungtumorswas23months,andthemeandurationbetweenprimarylesion
detectionandtheinitiationoftreatmentformetastaticlungtumorswas21months.
Themeanpatientageatthetimeofprimarylesiondiagnosiswas47years,andthemeanageat

referraltothedepartmentofrespiratorysurgerywas50years.Themeanageatdiagnosisofthe6
patientswhoachieved5-yearsurvivalwas39years,andelderlypatientstendedtohaveanunfavorable
prognosis.
1.Overallsurvivalrate
Forall22patientswhounderwentpulmonarymetastasectomy,the1-year,2-year,and5-year

survivalrateswere60.7％,40.5％,and34.7％,respectively（Fig.1）.Survivaldidnotdiffersignificantly
accordingtosexorage.Fiveofthe18patientswhowerefollowed-upforatleast5yearsafterlung
resectionwerestillalive.
2.Numberoflungmetastasesandlipiodolmarkings
Sixpatientshadasingle,isolatedlungmetastasis,andtheremaining16patientshadmultiplelung

metastases.Prognosiswasbetterinpatientswithasingle,isolatedmetastasis（p＝0.04）（Fig.2）.

＞
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Fig.1.Survivalrateforall22patients



Lipiodolmarkingwasperformedin12patients.Of38surgeries,21wereperformedwithlipiodol
marking.Lipiodolmarkingwasperformedbetween1and5timesforeachpatient.Ofthe12patients
whohadlipiodolmarking,10patientshadasinglelipiodolmarking.
3.Primarytumorsite
Theprimarytumoroccurredintheextremitiesin17patientsandinthetrunkin5patients.The

survivalratedidnotdiffersignificantlyaccordingtotumorsite（Fig.3）.
4.Histologicalexaminationofthemetastases
Thepathologicaldiagnosesoftheresectedlungmetastaseswereasfollows:undifferentiated

pleomorphicsarcomain5patients,osteosarcomain4patients,synovialsarcomain4patients,
leiomyosarcomain3patients,epithelioidsarcomain2patients,myxofibrosarcomain2patients,
extraskeletalchondrosarcomain1patient,andalveolarsoftpartsarcomain1patient.Therewasno
differenceinsurvivalbetweenthe4patientsdiagnosedwithosteosarcomaandthe18patients
diagnosedwithothersarcomas（Fig.4）.
5.Distancebetweenthemetastaticfociandthevisceralpleura
Tenpatientshadsuperficiallesions,and8patientshaddeeplesions,whichmadeitdifficultto
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Fig.2.Survivalrateforpatientswithasolitarytumorversusmultipletumors

Fig.3.Survivalrateforpatientsaccordingtotheprimarytumorsite



performpartialresection.Prognosiswaspoorerinpatientswithdeeplesions,butthedifferencewas
notsignificant（p＝0.23;Fig.5）.
6.Timingofmetastaticfocidetection
Lungmetastaseshadbeendetectedatthetimeofprimarytumortreatmentin3patients.Inthe

remaining19patients,lungmetastaseswereidentifiedduringthefollow-upperiodaftersurgeryforthe
primarytumor. The5-yearsurvivalratewashigheramongpatientspreviouslydetectedlung
metastasesthaninpatientswithlungmetastasesidentifiedaftertheprimarysurgery,althoughthis
differencewasnotsignificant（Fig.6）.
7.Recurrenceafterresectionofthepulmonarymetastaticfoci
Sixteenpatientshadrecurrenceafterresectionofpulmonarymetastases;thesitesofrecurrence

werethelung（12patients）,bone（2patients）,liver（1patient）,brain（1patient）,andpancreas（1
patient）.Thirteenpatientsdiedafterrecurrence.Themeanageatdeathwas56years（range,19-76
years）.Theoriginaldiseasewasthecauseofdeathinallpatientswhodiedafterrecurrence.The
pathologicaldiagnosesoftheoriginaldiseasewereundifferentiatedpleomorphicsarcomain4patients,
osteosarcomain3patients,synovialsarcomain1patient,leiomyosarcomain1patient,epithelioid
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Fig.4.Survivalrateforpatientswithosteosarcomaversusnon-osteosarcoma
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sarcomain2patients,extraskeletalchondrosarcomain1patient,andalveolarsoftpartsarcomain1
patient.Deathwasduetopulmonarymetastasesin7patients,acombinationofpulmonaryandbrain
metastasesin2patients,bonemetastasesin2patients,pulmonaryandperitonealmetastasesin1
patient,andlivermetastasisin1patient. Respiratoryfailureduetoprogressionofpulmonary
metastaseswasthemostcommonimmediatecauseofdeath（77％;Fig.7）.

Discussion

Forpatientswithboneandsofttissuesarcomaswithpulmonarymetastases,ourresultsshowed
thatpatientswithasingleisolatedmetastaticlungtumorhadasignificantlybetterprognosisthanthose
withmultiplemetastaticlungtumors.Previousstudiesofpulmonarymetastasesfromcolonandrectal
cancerhaveshownthatasolitarypulmonarymetastaticlesionwasassociatedwithagoodprognosis9）;
similarly,incasesofboneandsofttissuesarcomas,anisolatedsinglemetastasismightbeafavorable
prognosticfactor10）. Further,pulmonarymetastasesfrom osteosarcomasinthetrunkhavebeen
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Fig.6.Survivalrateforpatientsaccordingtothetimingoflungmetastasisdetection

Fig.7.Siteofrecurrencecausingdeathafterlungmetastasectomy
forboneandsofttissuesarcomas



reportedtohaveanunfavorableprognosis;inthisstudy,weclassifiedpatientsaccordingtotheprimary
cancersite（trunkversusextremities）.However,therewasnodifferenceinprognosisaccordingto
primarylesionsite.
Thesimilarsurvivalratesbetweenpatientswithosteosarcomasandthosewithothersofttissue

sarcomasmightberelatedtothefactthatbothtumortypesoriginatefromsofttissue,muscle,orbone
marrow,allofwhicharerichinbloodvessels.Infact,allpatientsinthisstudydevelopedpulmonary
metastaticfocithroughhematogenousmetastasis.
Forsynovialsarcomas,the5-yearsurvivalratehasbeenreportedtobe36-76％.Pulmonary,bone,

andlymphnodemetastasesarecommonlyassociatedwithsynovialsarcomas6）.Amongthe4patients
withpulmonarymetastasesfromsynovialsarcomainourstudy,2ofthe3patientswhocouldbe
followed-upforatleast5yearssurvived,correspondingtoa5-yearsurvivalrateof66.6％,whichis
withintheexpectedrange.Webelievethattheprognosisofpatientswithpulmonarymetastasesfrom
synovialsarcomacanberelativelyfavorableifthemetastasesareabletoberesectedsurgically.
ForpartiallungresectionviaVATS,thetumorisgrippedwithagraspingforcepsandisoften

resectedusinganendstapler.Aring-shapedgraspingforcepswithadiameterof3cmisuse.Therefore,
weanalyzedprognosisaccordingtotumordepth:lesionslocatedwithin3cmofthepleuraandlesions
thatextendeddeeperthan3cmintothelungs.Inpatientswithdeeptumors,thepulmonaryartery
（whichhasalargerinnerdiameter）islikelytobeinfiltratedbythemetastatictumor.Therefore,we
initiallyhypothesizedthattheprognosisofpatientswithdeeptumorswouldbeunfavorable.However,
survivalrateofpatientswithatumordepthof 3cmwasinfactlower.Onepatientwithdeep
metastasishadtoundergorightpulmonarylobectomy.However,recurrenceafterlobectomywasnot
observedeveninpatientswithdeepmetastases,suggestingthatthetreatmentmayhavehelped
improveprognosis.
Survivaldidnotdifferaccordingtothetimingofpulmonarymetastasisdetection（atthetimeof

primarytumordiagnosisversusafterprimarytumorresection）.Theprognosisofosteosarcomahas
beenreportedtobeunfavorableifmetastaticlungfociareconfirmedduringpostoperative
chemotherapy10）;however,asingle-factoranalysisofthe5-yearsurvivalrateamongtherelativelyfew
subjectsinthisstudyshowednosignificantdifference.
Thepresenceorabsenceofpulmonarymetastaseshaspreviouslybeendescribedasanimportant

prognosticfactorinboneandsofttissuetumors;similarly,inthisstudy,itwasthemostcommoncause
ofdeath.Therefore,carefulfollow-upexaminationforpulmonarymetastasesisneeded,evenafter
surgicaltreatmentforpulmonarylesions.PositronemissiontomographyCThaspreviouslybeen
reportedtobeofnovalueintheearlydetectionofpulmonarymetastases;currently,thin-sliceCTis
believedtobethemostusefultest,becauseitprovidesbetterresolution.
Duringthe14-yearstudyperiod,lipiodolmarkingwasadoptedasamethodformarkingthelocation

oflungtumors.Pulmonarymetastasisresectionmaypotentiallyincreasethe5-yearsurvivalto60％
insometypesofsarcomas,suchaspulmonarymetastasesfromsynovialsarcoma;therefore,accurate
partialpulmonaryresectionwiththeaidoflipiodolmarkingisimportant.Thisisespeciallytruefor
patientswithchemotherapysideeffectswhoareunderintensivepostoperativemanagementfor
complicationssuchasthrombosis.
AstheaccuracyofCTimprovesconsiderably,weexpectanincreaseinthenumberofcasesin

whichmicroscopicpulmonarymetastasesaredetected.WithlipiodolmarkingunderCTfluoroscopy,

＜
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surgicaltreatmentcanbeperformedwithgreaterprecision,thusminimizingthevolumeoflungthat
needstoberemoved.

Conclusions

Inourstudy,the1-year,2-year,and5-yearsurvivalratesaftersurgeryforpulmonarymetastases
fromboneandsofttissuesarcomaswere60.7％,40.5％,and34.7％,respectively.Patientswithasingle,
isolatedpulmonarymetastasisatthetimeofsurgerytendedtohaveabetterprognosis.Forpatients
withprimaryosteosarcomaorsofttissuesarcoma,follow-upwithHRCTtodetectsmalllung
metastasis,lipiodolmarkingtodelineatethelesions,andprecisepartialpulmonaryresectionofthe
metastasisareimportantproceduresforimprovingprognosis.
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〈和文抄録〉

原発性悪性骨・軟部腫瘍の肺転移巣に対する手術成績の検討

島田 順一，古谷 竜男，常塚 啓彰
一瀬かおり，岡田 悟，加藤大志朗

京都府立医科大学大学院医学研究科呼吸器外科学

背景：原発性悪性骨・軟部腫瘍は肺転移を来すことが多く，また外科切除の適応とされることが多
い．方法：2001年3月から2014年3月までの14年間に原発性悪性骨・軟部腫瘍の治癒切除と，肺
転移巣に対して外科切除を行った22症例を後ろ向きに検討した．転移性肺腫瘍の診断のため，整形
外科での手術前や手術の化学療法の直後やその後の外来検査時に胸部CTを行った．肺腫瘍摘出時に
臓側胸膜からの病変特定が困難な症例では，VATS手術前にCT透視下に経皮的に21Gの針穿刺から
造影剤としてリピオドールを腫瘍近傍に注入してマーキングして手術を行った．
結果：22症例の原発性悪性骨・軟部腫瘍の肺転移病巣に対して38回の手術を施行した．術死は認
めず安全に施行された．術後1年生存率，2年生存率，5年生存率は，それぞれ，60.7％，40.5％，
34.7％あった．手術時の肺転移が単発の症例の予後は多発症例より有意に良好であった．結論：原発
性悪性骨・軟部腫瘍の肺転移は，長期の生存を得るには肺転移のコントロールが重要であるので，積
極的に転移巣の切除を目指していくことが重要である．

キーワード：骨腫瘍，軟部腫瘍，肺転移，切除，予後．
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