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CLINICAL AND FUNDAMENTAL RESEARCHES OF RADIATION THERAPY

YoshinaoAbe，YasushiMariya andMasahikoAoki

AbstractInthispaper，PreSentStatuSandprospectsoftherapeuticradiologyinDepartmentofRadiologyare

reviewed．Theclinicaloutcomesofheadandneckcancersaresummarizedandradiotherapeuticadvantages

Ofothercancersaredescribed．Sincethreedimensionalconformalradiotherapy，thatwillbeintroducedinour

hospitalinthenearfuture，Willrealizethesuperiordosedistributionclinically，WeWillbe ableto prescribe

Su鯖cientdosetothetumortargetvolumewithlessdosetothesurroundingnormaltissue．Weexpectmore

e楢ective outcomes ofradiation therapy from this methods．　Biologically，predictive assays that optimize

CanCertreatmentareimportantandproliferativecapacity，SurVivalassayofthecancercells，CapaCityofthe

repairandtumoroxygenstatusarebeingstudied．Acceleratedproliferationduringfractionsthatisobserved

Clinicallyisoneofthefactorsofradioresistance．Somestrategiestoovercomeacceleratedproliferationare

postulated；aCCeleratedfractionation，Chemotherapyduringradiationtherapyandheavyiontherapy．Weare

alsostudyingacceleratedproliferationclinicallyandexperimentally．Theseworkswillimprovethecancer

treatmentmoree筒cientlyinthefuture．
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I．Introduction

Department of Radiologyis dedicated to two

majorradiological丘elds；therapeuticanddiagnos－

ticradiology．Diagnosticradiologyhasengagedin

multimodalimaging diagnosis andintervehtion．

Therapeuticradiologyhasfocusedoncancertreat－

ment．In this paper，reCent WOrksin therapeutic

radiologyarereviewed．

．II．ClinicalAspectsofRadiationTherapy

Inthe丘eldofradiationtherapy，manyClinical

WOrkswerepresentedrecentlyandarepostedona

home page of our department（http：／／hippo．med．

hirosaki－u．aC．jp／‾radio／therapy／）．One ofthemost

frequentdiseasestreatedmainlybyradiationther－

apyistheheadandneckcancers．Clinicaloutcome

ofheadandneck cancers aresummarizedinTable

ll‾5），Which are compatible with the results from

Other hospitals6・7）．Recently，We are COnducting

SeVeral therapeutic approaches to the head and

neck cancers such as acceleratedfractionation and

COmbined treatment with chemotherapy．　Espe－

Cially，theformerisone ofthepromisingmethods

Tablel Clinica10utcomeoftheHeadandNeckCancertreatedinUniversityHospitalandA寵IatedHospitals＊

Locationof TNM or Number of FiveYear FiveYear Cause YearofPublications
Cancer Stage Patients Survival Speci丘cSurvival　（ReferencesNumber）

Mesopharyngeal AllStage

StageII

StageIII

StageIV

Hypopharyngeal AllStage

Laryngeal Tl，T2

T3N0－1

Tongue Tl，T2

MaxillarySinus－　　AllStage

1994（1）
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With biological fundamentals－‘do not miss the

Chanceforcurebyincidentalprolongationofover－

alltreatmenttime’randtheresultswillbereported

SOOn，Anemphasisshouldbeplacedonnotonlythe

successfulclinicalresults ofheadandneck ca．ncers

but the more precise analysis of clinical results

endorsedbybiologicalassaysfromthebiopsyspeci一

mens such aslabelingindex，且owcytometry data，

apoptosis and ploidy．Suchbiologicalapproaches

areourdistinctivefeatureandwillhelpmeaningful

interpretationstotheclinicaloutcomes．

The treatment results of other cancers are

being accumulated．We note here some of the

CanCerSthatarecharacterizedbytheneedofradia－

tiontherapy．Recently，breastconservativetherapy

iswidelyaccepted8）anddemandsforradiationther－

apyareincreasingbecauseradiationtherapyisthe

must．In this treatment，We Care about not only

localcontrolbutthecosmesis aftertreatment．We

Carefullyselectthepatientsdedicatedtotheboost

therapy．

InUSandEurope，prOStateCanCerSaretreated

frequentlybyradiationtherapy9）butthedemandsin

Japan are not so high．However，ePidemically，

increasinginnumberofprostatecancerarereport－

ed and willlead to the demands of radiotherapy

SOOn．Forthispurpose，WearenOWreadyfornew

radiotherapytechniquesocalledthreedimensional

COnformalradiotherapy（3D－CRT）describedbelow．

Althoughthenumbers oflungcancer patients

areincreaslng for past　20　years，the treatment

resultsareunchanged．Clinicalresultsexcepteirly

Stage have been disastrous．However，COmbined

therapy of chemotherapeutic agents and radiation

totheadvancedlungcancerisnowattemptedand

the results are promlSlnglO，11）AIso，Smalllung

CanCerSthataremedicallyinoperable，SuChas em－

Physema，Cardiovascular or cerebrovascular dis－

eases，Willbealsotreatedusing3D－CRT．Usually

thesepatientsaretreatedbysurgeryalonebutlung

CanCerhavingmultiplefoci，nOtrare，andconcomi－

tantemphysemaareproblemsforsurgery．

Intraoperativeradiationtherapy（IORT）12）that

ismostlydedicatedtotreatpancreascancerisnow

ready to startin our hospitalwith the collabora－

tionsof2ndDepartmentofSurgeryandDepartment

Of Anesthesia．With this technique，intractable

tumorsespeciallylocateddeeplyintheabdomenare

expectedtobetreated．

Evolutionary radiation therapy technique，3D－

CRT13），aredevelopedandthehighvoltagemachine

COmPatiblewith3D－CRTwillbeintroducedinour

hospitalso9nandishighlyapplicabletotheroutine

Clinicaluse・3D－CRTisacomputerassistedradia－

tiontherapycharacterizedbyuniquebeamdistribu－

tion consists of multiple small beams from each

beam angle，丘nally reaching5－7　0r mOre beam

angleswithmultileafcollimator．Manyalgorithms

and methods for beam deliverying systems have

been developed and attempted．3D－CRT has an

advantage for focusing dose to the complicated

target volume withpossiblylowering dose to the

SurrOundingnormaltissues．Thus，WeWillbeable

to deliver dose to the patients expecting better

tumor control andless occurrence of unfavorable

COmPlications．

Stereotactic radiation therapy14）or radio－

Surgery15）isakindof3D－CRT，Onlylimitedtothe

brainlesions．Theproblemsofthesemethodssuch

as how to deliver beams，immobilize the patients

andprescribe the fraction size and the totaldose

Were discussed．AIso the results of brainlesions

Were repOrted．Especially the former methods

allow us to deliver beams more e範cientlyto the

tumorvolumeitselfusingroutinelyequippedlinear

acceleratorwithminormodi丘cation．

III．PredictiveAssays

III”1．ClinicalResultsandPredictiveAssays

Predictive assays consist of many biological

factors of cancer such as repalr，rePOPulation，re一

〇Xygenation，SurVival fractions and the nature of

thetumoritself．We dealtwithclinicalspecimen

formeasuringploidythat was comparedwiththe

clinicaloutcome．

Ploidy，akindoftumor’snature，isalsorelated

totheprognosisofthecancer16，17）．Flowcytometric

analysisofDNAploidywasperformedonpara触n

embeddedbiopsyspecimenfrom129patientsofthe

head andneck cancer．Aneuploid cancer（64／129

CaSeS）hadhigherincidenceoflymphnodemetasta－

Sis，mOre advanced clinical stages and more

und描erentiated histology of squamous．cellcarci－

nomathandiddiploidcancer（65／129cases）．Ploidy

did not correlate with T－factor and radiation

response．0verallsurvivalrate was31and58％

Withaneuploidanddiploidtumors，reSpeCtively，and

thed描erencewassigni宜cant（p＜0，05）．Moreover，

even after achieving complete response，the re－

Current rate Of aneuploid canceris much higher
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thanthatofdiploidone．Theseresultssuggestthat

aneuploid cancer has a potential to wide－Spread

extension of tumor cells suggesting the possible

needofchemotherapytoimprovetheprognosis18）．

III－2．FundamentalPredictiveAssays

For evaluation ofintrinsic”radiosensitivity，

micronucleus assay19）has been performed．The

principleofmicronucleus assayis asfollows；One

Cellcyclewithdamagedcellinducesamicronucleus

at the time of mitosis and micronucleus can be

easily．identi丘ed by applying cytochalasin B that

does notinhibit the division of nucleus but the

divisionofcytoplasm．Thusthenumberofmicronu－

Cleusinducedbyirradiationiscloselyrelatedtothe

Celldamage．Usingthreeexperimentaltumorcell

linesfromthe same origin，Clear positive correla－

tion has been obtained between classical colony

assaysandnumberofmicronucleusformationafter

irradiation20）．Thisstudyvalidatedthepossibleuse

Ofthemicronucleusassaytosubstituteforclassical

COlonyassay．Assaysforclinicalspecimenssuchas

braintumorshavebeenundertakenandtheresults

havenotyetbeenconclusive．

Wehaveattemptedtomeasurelabelingindex

（LI）of brom0－　Oriodo－deoxyuridine（Brd－　Or

IdUrd）andpotentialdoublingtime（Tpot）．Once

BrdUrdwasavailablecommerciallyforcancersas

a radiosensitizer but can not be used today．

Although，inUS andEuropeancountries，itisper一

mittedtoadministertheseagentsintravenously，We

COuldnotdoit，Weattemptedinvitrolabeling21）to

SOIvethisproblem．Therestillhadtheproblemto

applyitforclinicalusebecauseofnot－eaSy－handling

methods．Foranimalstudy，itiseasytoadminister

theseagentsandtoobtainLIandTpot22）．

Recently weintroduce new methods called
‘Comet assay’23）and‘near－infra－redlight assay’to

assessrepaircapacityandoxygenationstatusofthe

cancer24），reSpeCtively．Thesemethodswillhelpus

toanalyzetheclinicalresultsmoreprecisely，Such

fundamental researches willlead to much more

successfulclinicalresults ofthe cancer．

IV．AcceleratedProliferation

duringMultipleFractions

IV－1．Clinicalandexperimentalproofs

Acceleratedproliferation，Whichis thought to

be due toincreased number of clonogenic cells

S205

during fractionatedirradiations，WaS aSSeSSed by

either clinical results overall treatment time or

animalstudies－jejunalcolony assay duringmulti－

plefractions．ThisideawaspostulatedbyWithers

et al．in1988analysingalotofworld－Wideclinical

data obtainedfromheadandneckcancersregard－

ing the total dose to give50％survival against

overalltreatment time25）．They found a bend at

around3－4weeksbeforewhich50Gyis enoughto

COntrO150％of the tumor and after whichincre－

ment of O．6Gy－a－dayis necessary to compensate

totaldoseagainstprolongationoftheoveralltreat一

ment time．This phenomenonis accounted for

acceleratedproliferation．

Clinical results of the head and neck cancers

Showedthe worse prognosisis relatedto the pr0－

10ngedoveralltreatment．Inouranalysis，themain

CauSeSOftheprolongationaretreatmentpausesdue

tosevereacutetoxicities，nationalholidays，break－

downoftheexternalbeammachinesandplanning

delaybetweeninitialtherapyandboosttherapy4・5）．

Theobservationofacutereaction－muCOSitis一

〇flaryngealcancercausedbyacceleratedfractiona－

tion－Shortening of treatment time employing

twice－a－dayirradiations－COmpared with conven－

tionalfractionationshowedrapid aggravationand

rapid resolutionin the group of accelerated

fractionation26）．Thisis the another example of

えCcelerated proliferation foundin normal acutely

respondingtissue．

Experimentalstudieswereperformedmostlyin

jejunalbasisbecausejejunumhasthemostrapidly

Cellkineticsinthemammals．Rapid andmassive

Cellproductionoccursatthejejunalcrypt．Anewly

PrOducedcellsareexperiencedseveraldivisionsin

thejejunalcrypt，thentheyaremovedtothevilli，

Carriedto thetop gradually and五nallyfallen out．

The numbers of cellsin the jejunum are stable

becauseofbalancebetweenproductionandfalling

out－Self－reneWal system．Jejunal cryptis good

modelfor proliferation of acutely responding tis－

sues andtumor cells27），

Experimental studies regarding repopulation

during multiple fractions disclosed some novel

knowledgeinthejejunumthatconsistofclonogenic

number，POtentialdoublingtimeandcellloss（in

PreParation）．BrieHy，injejunum，immediatelyafter

irradiations of2Gy once or twice a dayinduces

PrOliferation．Comparing once a day treatment，

twiceadaytreatmentshowedmorerapidgrowing
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tendency．Tpotsobtainedfrombothtreatmentsare

ShortenedrapidlyandtheextentsofbothTpotsare

thesame．Thecell．lossfactorhasdeclinedinboth

cases and showed more decliningin twice a day

CaSe．Itissuggestedthatthemoredamage，aSfar

as within the permitted range of self renewal，

inducethemoreacceleratedproliferation．Shorten－

ing of Tpot and reducing cellloss factoris the

POSSible mechanism of accelerated proliferation

during multiple fractions．The mechanism of ac－

Celeratedproliferationduringfractionationiscriti－

calfor the cancer cure．

IV”2．To範ndthewayto overcome

To overcome accelerated proliferation，Our

clinical and fundamental approaches are follow－

ings：aCCeleratedfractionation，COnCurrentChemo－

therapy at the mid－Way Of radiation therapy and

highlinear energy transfer（LET）radiation

therapy28）suchasheavyionbeams（HI－RT）．As

described previously，there are some reasons for

PrOlongationoftreatment．Toovercomesuchinevi－

table prolongation，We adopted accelerated

fractionationforthetreatmentoflaryngealcancer

andthe results revealed excellent outcome5）．Sec－

Ond，tO treat StageIII medicallyinoperable non－

Small celllung cancer，We apPlied concomitant

chemotherapyatthemid－WayOfradiationtherapy

－itis the time to start accelerated proliferation

TheresultswerecompatiblewithanotherphaseII

studies a．nd adverse reactions were tolerable29）．

ThisapproachtoapplyingchemotherapylSPrOmis－

ingstrategy．Third，tOCOn五rmpossibleinhibitionof

acceleratedproliferationusinghighLETtreatment，

We performed experimental researches regarding

thee節ectofmultiplefractionsofcarbonionbeams

OnPrOliferativeresponseto the mousejeJunum30）．

The宜nalgoal of these experimentalworksis to

Clarifytherationalefortheuseofcarbonionbeam

totreatthecancere範ciently．

V．Prospects

Thegoalofthephysicsandbiologyofradiation

therapyistogivecellkilleffectnotonlytotallyon

the tumor butless on tumor surrounding normal

tissues．Thephysicswillhelpusbythenewtechno1－

OgyOf3D－CRTandHI－RT；SPatialdose distribu－

tion．Thebiologywillhelpustoclarifythenature

ofthe cancer and to determine how to fractionate

the beams；time－dose distribution．Without such

e描ort，We Can nOt Obtain satisfactory outcome of

CanCerPatients．Thepatient，Whocansave，muStbe

Curedandthepatient，Whocannotsavesofar，muSt

becaredadequately．Continuede楢Ortstotreatsuch

patientswillbeful創ledinthefuture．
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抄録　この論文では，放射線科で行われている放射線治療の現状と将来への展望についてまとめた．これまで報告し
た頭頭部腫瘍に対する放射線治療の概略を紹介し，他領域での放射線治療について略記した．数年後に導入予定であ

る三次元原体照射法は優れた線量分布を実現するので臨床的に正常組織の障害を減らしつつ癌に十分な線量を与え

ることが可能となる．結果として放射線治療の適応拡大が図られていくであろう．生物学的に治療の先行指標を抽出

し臨床応用を目的とした研究を進めることがもう一つの課題である．増殖能，癌細胞の放射線による生存率，放射線

障害からの回復能力および腫瘍酸素濃度について検討している．分割照射により引き起こされる促進された増殖は
重要なテーマであり，増殖を阻止する急速照射，照射中の化学療法ならびに重粒子線照射などが治療戦略として挙げ
られる．これらの努力は将来の治療成績向上のために必須のものである．
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