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CCaanncceerr rriisskk amamoonngg ppararenenttss anandd ssiibblliinnggss 

niaooff ppaatitieennttss wwiithth sscchihizzophreophrenia 

I. I. HI OV OV HOV HN,I. LLEEVVAAVV,, I. LLIIPPSSHITTZZ,, II.. NNOVIIKKOV,, II.. PPUUGGACACHOVAA,, RR.. KKOOHN, 
RCM.M. BBAARCHHAANNAA,, AA.. PPOONNIIZZOVOVSSKKYY aanndd H.H. WWEERRNNEERR 

BBackackgrgrououndnd AA rrededuucceded rriisskkooff cacanncceerr 

ha eohass bbeeeenn nnootteded amamoonngg ppeoppllee wwiitthh 

oph ha ne ca sessscchhiizzophrreenniiaa..GGiivveenn tthatt ggeenettiicc cauuses 

hahavvee bbeeeenn pprrooppososeded aass anan eexxppllananaattiioonn ooff 

hetthhiiss ffiindndiinng,g, oneone wwoouulldd eexxppeecctttthhaatttthe rriisskk 

rs esooff cacanncceerr amamoonngg ffiirstt--ddeeggrreeee rreellaattiivves 

qu ducewwoouulldd bbee eequalalllyy rereducedd.. 

Aim ToTo iinnvveessttiiggaattee tthhee rriisskk ooff ccaanncceerrAimss 

amon he pa fuamongg tthe bbiioollooggiiccaall parreennttss aanndd fullll 

in ivin tissiibbllinggss ooff ppeeooppllee rreecceeivingg iinn--ppaatieenntt ccaarree 

fo ch oph iaforr sschiizzophrreennia.. 

MMeetthodhod LinLinkkaaggee aannaalylyssiiss wwaass 

onccondonduucctteedd bbeettwweeeenn nnaattiiononaall ppopuopullaattiion,, 

tapspsyycchhiiaattrriicc aanndd cacanncceerr ddaatabbaasseess.. 

cerSSttaannddaarrddisiseedd iinncidcideennccee rraattioioss ffoorr alalll ccaanncer 

te te parinssiitess wweerree ccaallccuullaatedd bbyy ccoommparingg tthhee 

iinncciiddeenntt raratteess aammoonngg ffiirsrstt--ddeeggrreeee 

atrerellaattiivveess wwiitthh nnatioionnaall iinnccidideenncece rraattees.s. 

RReesusullttss AA rrededuucceded cacanncceerr rriisskk wwaass 

ouffoouunndd aaccrrososss aallll ggrroupsps eexxamamiinneded.. AAmmoonngg 

paparreennttss,, wwhhososee nnuummbbeersrs wweerree adadeqequuaatteellyy 

eac ed ta callaarrggee,, tthhee ffiinnddiinnggss rreachhed sstattiissttiicall 

ssiiggnniiffiiccaannccee..FFoorr iinnddeexx ccaasseses anandd ssiibblliinnggss ^̂ 

aa mmararkkeeddllyy yyoouunnggeerr ppopuopullaattiionon ^̂ oonnllyy aa 

ttrreenndd wwaass eelliicciitteded.. 

CCooncnclluussiioonnss TThhee ggeenneettiicc hhyyppootthhesesiiss ^̂ 

na esenc of ennammeellyy,, tthhee pprresencee of aa ggeneewwiitthhtthhee 

al fe cerdudual eefffecctt ooff rereduciducinngg ththee ccaanncer rrisiskk aanndd 

ddiissrruuppttiinngg neuneurrooddeevveellopopmmeenntt ^̂ iiss aa 

onppllauaussiibbllee eexxppllaananattiion ffoorr tthehesese ffiindndiinngsgs.. 

DeDeccllarattiioonn of iinnterreessttara of te NoneNone.. 

FFuundndiinngg ddeettaaiilleedd iinn AAcckknonowwlleeddggeemmeennttss.. 

TheThe reducedreduced riskrisk ofof cancercancer amongamong patientspatients 

withwith schizophreniaschizophrenia isis aa researchresearch puzzlepuzzle 

(Jablensky(Jablensky && Lawrence,Lawrence, 2001).2001). Indeed,Indeed, thisthis 

findingfinding –– whichwhich doesdoes notnot applyapply toto otherother 

psychiatricpsychiatric disordersdisorders (Carney(Carney etet alal,, 2004)2004) 

–– iiss totallytotally unexpected,unexpected, sincesince peoplepeople withwith 

schizophreniaschizophrenia havehave additionaladditional healthhealth risks,risks, 

suchsuch asas heavyheavy smokingsmoking (Dalack(Dalack etet alal,, 

1998),1998), otherother unhealthyunhealthy lifestylelifestyle habitshabits 

(Brown(Brown etet alal,, 1999)1999) andand oftenoften medicalmedical 

neglectneglect (Cradock-O’Leary(Cradock-O’Leary etet alal,, 2002).2002). 

SeveralSeveral recentrecent studiesstudies (e.g.(e.g. BarakBarak etet alal,, 
2005;2005; GrinshpoonGrinshpoon etet alal,, 2005),2005), althoughalthough 

notnot allall (Goldacre(Goldacre etet alal,, 2005),2005), havehave repli-repli­

catedcated thisthis puzzlingpuzzling result.result. AmongAmong thethe hy-hy­

pothesespotheses proposedproposed toto explainexplain thethe reducedreduced 

riskrisk isis thatthat thethe p53p53 genegene generates,generates, throughthrough 

apoptosis,apoptosis, thethe dualdual effecteffect ofof disruptingdisrupting neu-neu­

rodevelopmentrodevelopment andand reducingreducing thethe riskrisk ofof 

cancercancer (Catts(Catts && Catts,Catts, 2000;2000; ParkPark etet alal,, 
2004;2004; YangYang etet alal,, 2004;2004; CuiCui etet alal,, 2005).2005). 

ConfirmationConfirmation ofof thethe geneticgenetic hypothesishypothesis 

wouldwould requirerequire thatthat thethe first-degreefirst-degree relativesrelatives 

ofof patientspatients withwith schizophreniaschizophrenia bebe foundfound toto 

havehave aa similarsimilar reducedreduced cancercancer risk,risk, com-com­

paredpared withwith suitablesuitable populations.populations. TheThe epide-epide­

miologicalmiological evidenceevidence remainsremains inconclusive:inconclusive: 

bothboth aa lowerlower riskrisk (Lichtermann(Lichtermann etet alal,, 

2001)2001) andand nono riskrisk differentialdifferential (Dalton(Dalton etet 
alal,, 2004)2004) havehave beenbeen found.found. TheThe FinnishFinnish 

studystudy (Lichtermann(Lichtermann etet alal reported,, 2001)2001) reported aa 

lowerlower riskrisk amongamong fathers,fathers, withwith aa standard-standard­

isedised incidenceincidence ratioratio (SIR)(SIR) 0.930.93 (95%(95% CICI 

0.90–0.96),0.90–0.96), andand alsoalso amongamong mothersmothers 

(SIR(SIR¼0.89,0.89, 95%95% CICI 0.86–0.92),0.86–0.92), brothersbrothers 

(SIR(SIR¼0.85,0.85, 95%95% CICI 0.76–0.93)0.76–0.93) andand sisterssisters 

(SIR(SIR¼0.92,0.92, 95%95% CICI 0.84–0.99).0.84–0.99). Curiously,Curiously, 

thethe cancercancer riskrisk forfor patientspatients withwith schizo-schizo­

phreniaphrenia inin thatthat studystudy waswas higherhigher thanthan thethe 

cancercancer riskrisk forfor thethe generalgeneral referencereference popu-popu­

lationlation (SIR(SIR¼1.17,1.17, 95%95% CICI 1.09–1.25).1.09–1.25). InIn 

contrast,contrast, whenwhen thethe DanishDanish researchersresearchers 

comparedcompared thethe parentsparents ofof patientspatients withwith 

schizophreniaschizophrenia withwith thethe generalgeneral population,population, 

theythey foundfound notnot onlyonly nono overalloverall riskrisk differen-differen­

tial,tial, butbut aa 20%20% increasedincreased riskrisk ofof lunglung can-can­

cercer amongamong thethe mothersmothers (Dalton(Dalton etet alal,, 

2004).2004). TheseThese resultsresults werewere contestedcontested byby 

LichtermannLichtermann (2005),(2005), whowho arguedargued thatthat thethe 

observationobservation periodperiod inin thethe DanishDanish studystudy 

diddid notnot covercover thethe wholewhole lifetimelifetime ofof thethe par-par­

ents,ents, andand thatthat therethere waswas insufficientinsufficient empiri-empiri­

calcal evidenceevidence inin thethe publishedpublished literatureliterature forfor 

thethe ‘healthy‘healthy parent’parent’ effecteffect asas anan explanationexplanation 

forfor thethe reducedreduced cancercancer riskrisk foundfound inin thethe 

parentsparents ofof patientspatients withwith schizophreniaschizophrenia inin 

study. Inhishis ownown study. In theirtheir reply,reply, DaltonDalton etet alal 
(2005)(2005) supportedsupported theirtheir thesisthesis byby reportingreporting 

thatthat theythey diddid findfind aa reducedreduced cancercancer riskrisk inin 

parents,parents, butbut onlyonly whenwhen thethe comparisoncomparison 

populationpopulation includedincluded childlesschildless adultsadults asas inin 

thethe FinnishFinnish study.study. 

LikeLike DenmarkDenmark andand Finland,Finland, IsraelIsrael alsoalso 

hashas aa continuouslycontinuously updatedupdated populationpopulation reg-reg-

canceristerister asas wellwell asas registersregisters forfor cancer casescases andand 

psychiatricpsychiatric hospitalhospital admissions.admissions. ThisThis hashas 

enabledenabled usus toto replicatereplicate thethe attemptattempt toto con-con­

firmfirm aa reducedreduced cancercancer riskrisk amongamong first-first-

degreedegree relatives,relatives, aa projectproject thatthat continuescontinues 

ourour earlierearlier studystudy inin whichwhich wewe foundfound aa lowerlower 

risk of ncer pa ents with zorisk of cacancer iinn patitients with sscchhiizopphhrreenniiaa 

(Grinshpoon(Grinshpoon etet alal,, 2005).2005). 

METHMETHOODDSS 

enIIddenenttiiffiiccaattiioonn ofof ppaattiientsts 
th sch phreniawwiith schiizzoophrenia 

TheThe followingfollowing serviceservice proceduresprocedures andand poli-poli­

ciescies facilitatedfacilitated thethe identificationidentification ofof peoplepeople 

withwith schizophreniaschizophrenia forfor inclusioninclusion inin ourour 

studystudy 

(a)(a) primaryprimary	 carecare physiciansphysicians usuallyusually referrefer 

patientspatients withwith severesevere psychiatricpsychiatric disor-disor­

dersders toto specialistspecialist services;services; 

(b)(b) directdirect andand relativelyrelatively easyeasy accessaccess toto thesethese 

servicesservices isis alsoalso freelyfreely availableavailable onon aa 

drop-indrop-in basisbasis (Levav(Levav && Grinshpoon,Grinshpoon, 

2004);2004); 

(c)(c) thethe	 IsraelIsrael DefenseDefense Forces’Forces’ medicalmedical 

examinationsexaminations priorprior toto recruitmentrecruitment 

(both(both genders)genders) andand duringduring reservereserve 

dutiesduties (men(men only)only) serveserve asas aa universaluniversal 

screeningscreening procedureprocedure whichwhich isis followedfollowed 

byby aa psychiatricpsychiatric assessmentassessment wheneverwhenever 

deemeddeemed necessary;necessary; 

(d)(d) patientspatients	 withwith psychosispsychosis areare usuallyusually 

admittedadmitted toto in-patientin-patient care;care; 

(e)(e) IsraelisIsraelis rarelyrarely seekseek hospitalisationhospitalisation forfor aa 

schizophrenicschizophrenic disorderdisorder abroad.abroad. 

ThisThis waswas confirmedconfirmed inin aa community-community-

basedbased studystudy ofof anan Israel-bornIsrael-born birthbirth cohort,cohort, 

whichwhich foundfound thatthat allall respondentsrespondents identifiedidentified 

withwith schizophreniaschizophrenia inin thethe cohortcohort werewere 

knownknown toto thethe in-patientin-patient psychiatricpsychiatric servicesservices 

(Levav(Levav etet alal,, 1993).1993). 
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WeWe usedused thethe nation-widenation-wide psychiatricpsychiatric 

casecase registerregister toto identifyidentify patientspatients withwith 

schizophreniaschizophrenia forfor ourour sample.sample. ThisThis 50-50­

year-oldyear-old registerregister isis mandatedmandated byby lawlaw toto 

maintainmaintain aa cumulativecumulative recordrecord ofof allall psychi-psychi­

atricatric hospitalhospital admissionsadmissions (Lichtenberg(Lichtenberg etet alal,, 
Department1999;1999; MentalMental HealthHealth Services,Services, Department 

ofof InformationInformation andand Evaluation,Evaluation, 2004).2004). TheThe 

identityidentity numbernumber usedused toto recordrecord allall patientpatient 

movementsmovements isis thethe samesame asas thatthat usedused byby thethe 

nationalnational populationpopulation registerregister andand thethe cancercancer 

register.register. TheThe psychiatricpsychiatric casecase registerregister alsoalso 

providedprovided thethe patients’patients’ diagnosesdiagnoses uponupon 

admissionadmission andand dischargedischarge asas wellwell asas socio-socio­

mo hic nfo ti gnose followdedemoggrraapphic iinforrmamationon.. DDiiaagnosess follow 

thethe ICD–10ICD–10 (World(World HealthHealth Organization,Organization, 

1992);1992); thosethose mademade priorprior toto thethe introductionintroduction 

ofof ICD–10ICD–10 havehave beenbeen updated.updated. AA testtest ofof thethe 

agreementagreement betweenbetween researchresearch diagnosesdiagnoses andand 

thosethose recordedrecorded inin thethe registerregister foundfound aa satis-satis­

factoryfactory matchmatch (Rabinowitz(Rabinowitz etet alal,, 1994;1994; 

WeiserWeiser etet alal,, 2005).2005). AlthoughAlthough thethe recordingrecording 

ofof casescases isis completecomplete forfor JewishJewish Israelis,Israelis, thisthis 

isis notnot soso forfor thethe ArabArab IsraeliIsraeli minority,minority, 

particularlyparticularly women,women, whowho useuse psychiatricpsychiatric 

in-patientin-patient servicesservices considerablyconsiderably lessless thanthan 

JewishJewish IsraelisIsraelis (Mental(Mental HealthHealth Services,Services, De-De­

partmentpartment ofof InformationInformation andand Evaluation,Evaluation, 

2004).2004). ToTo avoidavoid biasingbiasing thethe sample,sample, thethe 

ArabArab IsraeliIsraeli minorityminority waswas excluded.excluded. 

anceIIddenenttiiffiiccaattiioonn ofof ccancerr ccaasseess 

TheThe IsraelIsrael NationalNational CancerCancer RegistryRegistry (http://(http:// 

www.health.gov.il/icr waswas ininwww.health.gov.il/icr establishedestablished 

19601960 (Freedman(Freedman etet alal,, 2001).2001). ReportingReporting 

hashas beenbeen mandatorymandatory sincesince 19821982 forfor allall 

medicalmedical facilities,facilities, publicpublic andand private.private. TheThe 

registryregistry alsoalso collectscollects datadata onon cancercancer deathsdeaths 

fromfrom districtdistrict healthhealth authoritiesauthorities andand fromfrom 

Interior’sthethe MinistryMinistry ofof thethe Interior’s populationpopulation 

register.register. AsAs inin thethe psychiatricpsychiatric casecase register,register, 

perso­thethe informationinformation isis organisedorganised usingusing aa perso­

complete­nalnal identityidentity number.number. InformationInformation complete­

nessness exceedsexceeds 95%.95%. ContinuousContinuous effortsefforts areare 

mademade toto improveimprove reportingreporting andand accuracyaccuracy 

(Fishler(Fishler etet alal,, 2002).2002). MultipleMultiple tests,tests, asas pre-pre­

scribedscribed byby thethe InternationalInternational AgencyAgency forfor 

ResearchResearch onon CancerCancer (Parkin(Parkin etet alal,, 2002),2002), 

forfor exampleexample thethe percentagepercentage ofof casescases withwith 

morphological verification,verification,morphological thethe mortalitymortality 

toto incidenceincidence ratioratio andand thethe percentagepercentage ofof 

casescases ascertainedascertained byby deathdeath certificatecertificate only,only, 

areare conductedconducted regularlyregularly toto checkcheck datadata 

quality.quality. 

TheThe numbernumber ofof residentsresidents withwith cancercancer 

whowho seekseek diagnosisdiagnosis andand treatmenttreatment abroadabroad 

isis probablyprobably small,small, sincesince medicalmedical servicesservices inin 

IsraelIsrael areare freefree andand adequate.adequate. However,However, thethe 

exactexact numbernumber ofof thosethose goinggoing abroadabroad forfor 

care,care, asas wellwell asas thethe numbernumber ofof IsraelisIsraelis livingliving 

abroadabroad whowho mightmight havehave returnedreturned homehome toto 

availavail themselvesthemselves ofof freefree medicalmedical care,care, isis un-un­

known.known. NeitherNeither figurefigure isis likelylikely toto bebe large.large. 

LLiinknkageage pprroocceedduurree 

TheThe twotwo casecase registersregisters andand thethe populationpopulation 

registerregister cancan bebe linkedlinked byby meansmeans ofof thethe 

personalpersonal identityidentity number.number. ThisThis identityidentity 

numbernumber isis supplementedsupplemented automaticallyautomatically withwith 

thethe person’sperson’s fullfull name,name, gender,gender, datedate ofof birthbirth 

andand placeplace ofof originorigin andand thethe father’sfather’s firstfirst 

name,name, toto ensureensure aa reliablereliable linkage.linkage. TheThe pro-pro­

cesscess ofof identificationidentification andand linkagelinkage comprisedcomprised 

fourfour steps.steps. First,First, throughthrough thethe psychiatricpsychiatric 

casecase register,register, wewe identifiedidentified aa cohortcohort ofof 

personspersons dischargeddischarged fromfrom theirtheir lastlast oror onlyonly 

in-patientin-patient episodeepisode withwith aa diagnosisdiagnosis ofof 

schizophrenicschizophrenic disorderdisorder (ICD–10(ICD–10 codescodes 

F20–29).F20–29). ToTo dodo thisthis wewe mademade useuse ofof anan 

existingexisting databasedatabase ofof family-linkedfamily-linked filesfiles ofof 

individualsindividuals withwith schizophrenia.schizophrenia. InIn thisthis data-data­

basebase ((nn¼6132)6132) almostalmost allall patientspatients withwith 

schizophreniaschizophrenia (about(about 95%)95%) werewere bornborn inin 

IsraelIsrael inin thethe yearsyears 1970–1988,1970–1988, eithereither toto 

immigrantimmigrant oror toto native-bornnative-born parents.parents. TheThe 

fewfew whowho werewere bornborn abroadabroad werewere 55 yearsyears 

oldold oror lessless onon immigration.immigration. Second,Second, wewe 

identifiedidentified theirtheir biologicalbiological parentsparents (mothers(mothers 

nn¼5756;5756; fathersfathers nn¼5741)5741) andand theirtheir fullfull sib-sib­

lingslings (brothers(brothers nn¼9445;9445; sisterssisters nn¼9846)9846) 

usingusing thethe populationpopulation register’sregister’s compu-compu­

terisedterised familyfamily files.files. Third,Third, wewe ranran thethe filesfiles 

ofof bothboth parentsparents andand siblingssiblings throughthrough thethe 

psychiatricpsychiatric casecase registerregister toto identifyidentify allall 

patientspatients dischargeddischarged fromfrom theirtheir lastlast oror onlyonly 

in-patientin-patient episodeepisode withwith aa diagnosisdiagnosis ofof 

schizophrenicschizophrenic disorderdisorder (F20–29),(F20–29), asas notednoted 

aboveabove (fathers(fathers nn¼224;224; mothersmothers nn¼393;393; 

brothersbrothers nn¼508;508; sisterssisters nn¼354).354). Fourth,,Fourth

th es of ents ngsthee ffiilles of iinnddeexx ccaasseses,, ppaarrents anandd ssiibblliings 

we runnru tthhrroouughgh th ccancecerr eg tothee an te towerree rregiissterr 

locatelocate cancercancer cases.cases. ThisThis four-stagefour-stage processprocess 

generatedgenerated threethree sub-populationssub-populations 

(a)(a) indexindex casescases withwith andand withoutwithout cancer;cancer; 

(b)(b) parentsparents	 nevernever hospitalisedhospitalised forfor schizo-schizo­

phrenia,phrenia, oror hospitalisedhospitalised forfor schizo-schizo­

phreniaphrenia atat leastleast once,once, withwith andand 

withoutwithout cancer;cancer; 

(c)(c) siblingssiblings nevernever hospitalised,hospitalised, oror hospita-hospita­

lisedlised atat leastleast onceonce forfor schizophrenia,schizophrenia, 

withwith andand withoutwithout cancercancer (Table(Table 1).1). 

DatesDates ofof deathdeath andand emigrationemigration werewere 

obtainedobtained fromfrom thethe populationpopulation registry.registry. 

TheThe casecase registersregisters (psychiatric(psychiatric andand can-can­

cer)cer) ownedowned andand maintainedmaintained byby thethe MinistryMinistry 

ofof HealthHealth areare administeredadministered underunder strictstrict leg-leg-

preserveislativelyislatively defineddefined procedures.procedures. ToTo preserve 

confidentiality,confidentiality, linkageslinkages areare mademade byby 

methodsmethods thatthat ensureensure researchersresearchers areare notnot 

givengiven filesfiles withwith thethe individual’sindividual’s realreal identityidentity 

number.number. InternalInternal reviewreview boardboard approvalapproval toto 

buildbuild thethe studystudy familyfamily databasedatabase waswas ob-ob­

tainedtained fromfrom ButlerButler Hospital,Hospital, Providence,Providence, 

RhodeRhode Island,Island, USAUSA.. 

St is analysiStaattisttiiccaall analysiss 

TheThe cancercancer incidenceincidence ratesrates inin thethe aboveabove 

threethree sub-populationssub-populations werewere comparedcompared withwith 

thethe ratesrates inin thethe JewishJewish IsraeliIsraeli populationpopulation 

usingusing standardisedstandardised incidenceincidence ratiosratios (and(and 

theirtheir 95%95% confidenceconfidence intervals),intervals), defineddefined asas 

thethe ratioratio ofof thethe observedobserved toto thethe expectedexpected 

numbernumber ofof cancercancer cases.cases. TheThe expectedexpected num-num­

berber ofof casescases duringduring thethe observationobservation periodperiod 

waswas gender, ofof originorigincalculatedcalculated byby gender, areaarea 

(Africa–Asia,(Africa–Asia, Europe–AmericaEurope–America oror Israel)Israel) 

andand age.age. Period-specificPeriod-specific cancercancer incidenceincidence 

ratesrates werewere used.used. 

TheThe person-yearsperson-years ofof exposureexposure toto cancercancer 

riskrisk werewere defineddefined asas follows:follows: indexindex cases,cases, 

fromfrom datedate ofof birthbirth oror datedate ofof immigration;immigration; 

parents,parents, fromfrom datedate ofof immigrationimmigration oror fromfrom 

1960,1960, whicheverwhichever waswas thethe later;later; andand siblings,siblings, 

fromfrom datedate ofof birthbirth oror immigrationimmigration oror fromfrom 

1960,1960, whicheverwhichever waswas thethe laterlater (Table(Table 2).2). 

TheThe observationobservation endedended onon death,death, diagnosisdiagnosis 

ofof cancer, oror thethe ofofcancer, emigration,emigration, atat endend 

2003.2003. 

AnalysisAnalysis byby cancercancer site,site, gendergender andand areaarea 

ofof originorigin waswas conductedconducted whenwhen thethe numbernumber 

ofof cancercancer outcomesoutcomes inin thethe sub-populationsub-population 

waswas 1010 oror more.more. TheThe testtest waswas performedperformed 

forfor allall indexindex casescases withwith aa schizophrenicschizophrenic 

TaTabbllee 11 Canc case ng en wiCanceerr casess aammoong ppaattiienttss witthh 

egsscchihizzoopphhrreeniniaa ((iinnddeexx ccaasseess)) aanndd ththeieirr ffiirrsstt--ddegrreeee 

rerellaattiivveess 

GrGroouupp CancCanceerr 

sizsizee cascaseess 

nn nn 

IInnddeexx cascaseess 

MaleMale 40734073 2828 

FeFemmaallee 20520599 1414 

ToTottaall 61613322 4242 

PareParentsnts 

MaleMale 57574411 505011 

FemaleFemale 57557566 549549 

ToTottaall 4971111 497 10105500 

ingSiSiblblingss 

MaleMale 98469846 7979 

FeFemmaallee 94459445 9393 

ToTottaall 1919 229911 171722 
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TaTabbllee 22 Ex re can ri calcu ated ag rou nd an rs ree disorderdisorder (F20–29),(F20–29), andand separatelyseparately forfor ‘re-‘re-Exppoossuure ttoo cancceerr risskk,, calcullated ffoorr agee ggroupp aanndd ggeennddeerr,, ffoorr iindeexx ccaasseess andd tthheeiirr ffiirstt--ddeeggree 

s, ho re ia stricted’stricted’ casescases (F20,(F20, F22,F22, F25)F25) (e.g.(e.g. para-para-rerellaattiivvees, eexxclclududiinngg tthossee ddiiagagnnoosseedd wwiitthh sscchhiizzophophrennia 

noidnoid schizophrenia)schizophrenia) andand ‘extended‘extended cases’cases’ 

Age,Age, yyeeaarrss pos ca rs n­ rsEExxposuurree ttoo canncceerr rriisskk,, ppeersoon-yyeeaars 

ParentsParents iblingSSiblingss IInnddeexx cascaseess 

MaleMale FFeemalemale MaleMale maleFFeemale MaleMale Fe leFemmaale 

0^0^44 554400 49511495 3644343 364 4242 553333 20 04820 048 10 1610 1688 

5^5^99 29229244 98553398 4444 332211 43 54543 545 2020 334466 1100 284284 

10^110^144 80438043 1111 997766 4343 119966 42 5642 3356 2020 333311 1100 284284 

1515^̂1199 1414 117788 1717 999988 6193399 619 38 95638 956 2020 116699 1010 117733 

20^2420^24 1199 118877 2222 222222 3333 449911 9733322 973 18 52318 523 91912222 

25^2925^29 2323 116666 2424 996600 25 3425 3488 25 4325 2243 421133 4244 67556755 

30^3430^34 2525 333311 2626 001111 1616 111188 1166 116600 54455544 29329322 

^393535^39 2626 331166 2266 228811 85298529 85853636 

4040^̂4444 2266 660099 25 75725 757 35783578 34342200 

4545^̂4499 742255 7433 23 7423 4474 11070070 887887 

^545050^54 2222 333322 18 2018 2033 111144 6767 

5^5555^599 1515 990000 7231100 723 1313 1212 

60^660^644 92492433 49491111 55 88 

6565^̂6699 47204720 19191155 88 66 

^77070^744 11776677 456456 

75+75+ 650650 9696 

ToTottaall 648226226 648 222211 887766 258258 777744 254254 770011 85111188 3385 5959 771177 

TaTabbllee 33 canSSttananddaarrddiisseedd iinncciiddeennccee ratratiiooss ooff cancceerr aammoonngg iinnddeexx ccaasseess anandd ffiirrsstt--ddeeggrreeee rreellatatiivveses,, ccoommppaarreedd wwiitthh 

al pu on, 96 ^20tthhee ggeenneerral ppoopullaattiion, 119600^200044 

CaCasseess 

ExExppeecctteedd Ob rvObsseerveedd 

SI (95%SIRR (95% CCII)) 

IInnddeexx cascaseess 

MaleMale 31.31.9966 2828 8800..88 (0(0.5.555^̂11..7788)) 

FeFemmaallee 1717..9988 1414 (0 1900..7788 (0..3377^̂11..19)) 

AAllll pparearentsnts 

MaleMale 597.69597.69 505011 84 (000..84 (0..7766^̂00..9911)) 

^AfricAAssiiaa^Africaa 279279..6622 242411 0. 0.0.8866 ((00..7755^̂0.9977)) 

EEuuropropee^̂AAmemeririccaa 14 391499..39 111155 77 (000..77 (0..6633^̂00..9911)) 

IsrIsraaeell 16 291688..29 114433 (000..8855 (0..7711^̂00..99)99) 

FemalFemalee 634.634.8855 545499 86 (0 94)00..86 (0..7799^̂00..94) 

AAssiiaa^̂AAfrfricicaa 55.2255.4400 228228 00..8989 (0(0..7777^̂00..99)99) 

rop ^AmericaEEuuropee^America 114400..9999 111199 84 (0 6800..84 (0..68^̂00..99)99) 

IsrIsraaeell 238238..0011 191977 0. 1^0.0.8833 ((00..771^0.9944)) 

Pare reParentsnts wwitithouthout schschiizophzophrenniiaa 

MaleMale 575777..9944 490490 8500..85 (0(0..7777^̂00..9922)) 

FemalFemalee 592.592.0000 551155 87 (0 79 95)00..87 (0..79^̂00..95) 

All iblingAll ssiblingss 

MaleMale 8585.5.599 7979 (0 1.1300..9922 (0..6699^̂1.13)) 

FeFemmaallee 111 95111..95 9933 00)00..8833 (0(0.5.577^̂11..00) 

hout schizophreSSiibblliinnggss wwiitthout schizophrenniiaa 

MaleMale .08383.099 7777 00..9933 (0(0..772^2^11..1133)) 

FeFemmaallee 101077..1133 8989 00..8833 (0(0..6666^̂11..0000)) 

R, stan isedSSIIR, standdaarrddised iinncciiddeennccee ratratiioo.. 
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(F21,(F21, F23,F23, F24,F24, F28,F28, F29)F29) (e.g.(e.g. acuteacute 

schizophrenia-likeschizophrenia-like psychoticpsychotic disorder),disorder), as-as­

sumingsuming aa differentialdifferential weightweight forfor thethe im-im­

putedputed geneticgenetic componentcomponent inin thethe aetiologyaetiology 

ofof eacheach groupgroup ofof disorders.disorders. 

SinceSince wewe couldcould notnot knowknow whowho inin thethe 

generalgeneral populationpopulation samplesample waswas aa parent,parent, 

inin orderorder toto checkcheck thethe ‘healthy‘healthy parent’parent’ 

hypothesishypothesis (Dalton(Dalton etet alal,, 2004)2004) wewe per-per­

formedformed aa sensitivitysensitivity analysisanalysis restrictedrestricted toto 

women,women, takingtaking intointo accountaccount thatthat inin thethe 

latestlatest nationalnational censuscensus aboutabout 7.0%7.0% ofof allall 

womenwomen agedaged 3535 oror overover hadhad nono children.children. 

ForFor allall cancers,cancers, wewe assumedassumed thatthat childlesschildless 

womenwomen hadhad increasedincreased relativerelative risksrisks ofof 1.0,1.0, 

1.51.5 andand 2.02.0 asas comparedcompared withwith mothers.mothers. 

TheThe correctedcorrected expectedexpected numbernumber ofof casescases 

amongamong mothers,mothers, EEcc,, waswas calculatedcalculated asas EEcc¼ 
EE/(0.93+/(0.93+kk0.07)0.07) wherewhere EE isis calculatedcalculated usingusing 

thethe officialofficial ageage groupgroup66gendergender66areaarea ofof 

originorigin66period-specificperiod-specific cancercancer incidenceincidence 

rates,rates, EEcc isis thethe correctedcorrected expectedexpected numbernumber 

ofof casescases andand kk¼1.0,1.0, 1.51.5 andand 2.0.2.0. TheThe stand-stand­

ardisedardised incidenceincidence ratioratio (SIR)(SIR) andand thethe 

correctedcorrected ratioratio (SIRc)(SIRc) andand theirtheir 95%95% confi-confi­

dencedence intervalsintervals werewere calculatedcalculated usingusing Pois-Pois­

sonson regression,regression, withwith EE andand EEcc asas thethe 

respectiverespective offset.offset. AllAll calculationscalculations werewere per-per­

formedformed usingusing SASSAS versionversion 9.1.39.1.3 forfor UnixUnix 

software.software. 

RREESUSULLTTSS 

BothBoth parents,parents, includingincluding thosethose withwith schizo-schizo­

phrenia,phrenia, hadhad reducedreduced cancercancer riskrisk:: mothers,mothers, 

SIRSIR¼0.860.86 (95%(95% CICI 0.79–0.94);0.79–0.94); fathers,fathers, 

SIRSIR¼0.840.84 (95%(95% CICI 0.76–0.91).0.76–0.91). TheThe cancercancer 

riskrisk forfor parentsparents afterafter excludingexcluding thosethose hospi-hospi­

talisedtalised withwith schizophreniaschizophrenia remainedremained almostalmost 

unchangedunchanged:: mothers,mothers, SIRSIR¼0.870.87 (95%(95% CICI 

0.79–0.95);0.79–0.95); fathers,fathers, SIRSIR¼0.850.85 (95%(95% CICI 

0.77–0.92).0.77–0.92). LowerLower ratiosratios werewere foundfound forfor 

gender-concordantgender-concordant pairspairs ofof offspringoffspring andand 

parent:parent: femalefemale indexindex casecase andand mother,mother, 

SIRSIR¼0.740.74 (95%(95% CICI 0.63–0.86);0.63–0.86); malemale indexindex 

casecase andand fatherfather SIRSIR¼0.810.81 (95%(95% CICI 0.73–0.73– 

0.90).0.90). ForFor gender-discordantgender-discordant pairs,pairs, thethe 

ratiosratios were:were: fatherfather ofof femalefemale indexindex case,case, 

SIRSIR¼0.890.89 (95%(95% CICI 0.76–1.02);0.76–1.02); mothermother ofof 

malemale indexindex case,case, SIRSIR¼0.930.93 (95%(95% CICI 0.84–0.84– 

2.02).2.02). 

StandardisedStandardised incidenceincidence ratiosratios amongamong 

parentsparents byby restrictedrestricted oror extendedextended typetype ofof 

schizophreniaschizophrenia showedshowed nono statisticallystatistically sig-sig­

nificantnificant difference.difference. ByBy allall areasareas ofof origin,origin, 

mothersmothers andand fathersfathers showedshowed aa statisticallystatistically 
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SSttananddaarrddiisseedd iinncciiddeennccee ratratiiooss ooff cancancceerr aammoonngg mothheers ccoommppaarred wwiitthh estestiimmatateses ofof rreedduucceedd cancancceerr lys ann 2005))TaTabbllee 44 mot rs ed sesennssitiivvityit ity aannaalysiiss chte 2005((LLiichterrmmann,, 

po f gegeneratedd nnoo iindicatioonn ofof ththee hhealltthyhy parreennttnerate ndicati ea parriisskk iinn tthhee ggeenneerraall poppuullaattiioonn afaftteerr ccoorrrreeccttiinngg ffoorr ddiifffeerreennttiiaall lleevveellss ofof rreellaattiivvee rriisskk ofof cancancceerr aammoonngg cchhiillddllessess 

n, (inn oour case,, mmootthheer) effecctt..(i ur case r) effewomwomeen, 11996600 ̂̂ 22000044 

AA secondsecond factorfactor thatthat mightmight undermineundermine 

CaCases,ses, nn SIR 95SIR ((95%% CCII)) 

Expe ObsseerveeddObExpecctteedd rv

AAllll mmotothheersrs 

RRRR¼1.1.00
 

RRRR¼1.1.55
 
RRRR¼2.
2.00 

zophMoMotthheerrss wwitithouthout schschiizophrerenniiaa 

RRRR¼1.1.00
 

RRRR¼1.
1.55
 

RRRR¼2.2.00
 

634.8634.855 

13 476613..47 

.4593593.400 

592.592.0000 

.5572572.500 

53.5553.7788 

545499 

545499 

549549 

515155 

515155 

551155 

(0 79 94)00..8866 (0..79^̂00..94) 

.89 (0 82^ 9700.89 (0..82^00..97)) 

(0 9900..9933 (0..8866^̂00..99 

87 (0 9500..87 (0..7799^̂00..95)) 

(0 82^ 98)00..9900 (0..82^00..98) 

(000..9933 (0..8866^̂00..99)99) 

ourour conclusionsconclusions isis thatthat whereaswhereas patientspatients 

withwith schizophreniaschizophrenia areare moremore frequentlyfrequently 

foundfound inin thethe lowlow socio-economicsocio-economic groupsgroups 

(Dohrenwend(Dohrenwend etet alal,, 1992),1992), cancercancer inin IsraelIsrael 

isis moremore frequentfrequent inin thethe higherhigher socio-socio­

economiceconomic groupsgroups (Israel(Israel NationalNational CancerCancer 

Registry,Registry, 1990;1990; IsraelIsrael CenterCenter forfor DiseaseDisease 

Control,Control, 1998).1998). Curiously,Curiously, socio-economicsocio-economic 

statusstatus asas aa confoundingconfounding variablevariable hashas seldomseldom 

beenbeen discusseddiscussed inin thethe researchresearch literature.literature. InIn 

ourour study,study, however,however, itit maymay notnot constituteconstitute aa 

problemproblem sincesince parentsparents ofof patientspatients withwith 

schizophreniaschizophrenia areare notnot foundfound inin thethe lowerlower 

socio-economicsocio-economic groupsgroups atat aa higherhigher propor-propor­

tiontion thanthan inin thethe generalgeneral populationpopulation (Gold-(Gold­

bergberg && Morrison,Morrison, 1963;1963; ByrneByrne etet alal,, 

2004).2004). NorNor maymay socio-economicsocio-economic statusstatus bebe 

problematicproblematic withwith regardregard toto thethe healthyhealthy sib-sib­

lings.lings. Nevertheless,Nevertheless, wewe checkedchecked forfor thethe 

socio-economicsocio-economic statusstatus effecteffect byby groupinggrouping 

ourour parentsparents byby ethnicethnic origin.origin. InIn IsraelIsrael thisthis 

isis aa reasonablereasonable proxyproxy measuremeasure forfor socio-socio­

economiceconomic status,status, sincesince IsraelisIsraelis bornborn inin AsiaAsia 

oror AfricaAfrica generallygenerally havehave aa lowerlower socio-socio­

economiceconomic statusstatus thanthan theirtheir counterpartscounterparts 

bornborn inin EuropeEurope oror AmericaAmerica (Schwartz(Schwartz etet 
alal,, 1991).1991). WeWe foundfound thatthat parentsparents ofof patientspatients 

withwith schizophreniaschizophrenia hadhad aa decreaseddecreased cancercancer 

risk,risk, regardlessregardless ofof theirtheir continentcontinent ofof origin.origin. 

Third,Third, ourour indexindex casescases werewere diagnoseddiagnosed 

byby cliniciansclinicians who,who, inin thethe naturenature ofof theirtheir 

work,work, dodo notnot attemptattempt toto achieveachieve aa 

research-standardresearch-standard diagnosis.diagnosis. ToTo increaseincrease 

validityvalidity wewe extendedextended thethe periodperiod ofof obser-obser­

vationvation byby usingusing thethe dischargedischarge diagnosisdiagnosis 

fromfrom thethe lastlast oror onlyonly in-patientin-patient episode.episode. 

However,However, ifif ourour finalfinal samplesample includedincluded 

peoplepeople diagnoseddiagnosed asas havinghaving schizophreniaschizophrenia 

butbut whowho inin factfact hadhad otherother disorders,disorders, thesethese 

false-positivefalse-positive casescases wouldwould onlyonly buttressbuttress 

ourour results.results. Fourth,Fourth, ourour findingfinding thatthat moremore 

mothersmothers thanthan fathersfathers hadhad schizophreniaschizophrenia 

mightmight suggestsuggest aa samplingsampling bias,bias, becausebecause inin 

thethe psychiatricpsychiatric casecase registerregister wewe foundfound con-con­

siderablysiderably moremore menmen thanthan womenwomen hospita-hospita­

lisedlised withwith schizophrenia,schizophrenia, forfor bothboth indexindex 

casescases andand siblings.siblings. Conceivably,Conceivably, therethere isis aa 

greatergreater likelihoodlikelihood thatthat womenwomen marrymarry andand 

havehave childrenchildren beforebefore theythey requirerequire hospitalhospital 

treatment,treatment, givengiven thatthat theirtheir meanmean ageage atat 

diseasedisease onsetonset isis higherhigher thanthan thatthat ofof men.men. 

Fifth,Fifth, althoughalthough wewe diddid notnot havehave accessaccess toto 

lifestylelifestyle issuesissues highlyhighly associatedassociated withwith 

cancer,cancer, suchsuch asas smoking,smoking, wewe doubtdoubt thatthat 

health-promotinghealth-promoting behaviourbehaviour isis anyany moremore 

frequentfrequent amongamong parentsparents ofof offspringoffspring withwith 

stan isedRRRR,, rreellatatiivvee rriissk;k; SSIIRR,, standdaarrddised iinncciiddeennccee ratratiioo.. 

significantsignificant riskrisk reductionreduction (Table(Table 3).3). WithWith 

regardregard toto thethe fourfour leadingleading cancercancer sitessites 

amongamong parents,parents, twotwo sitessites showedshowed reducedreduced 

risks:risks: breastbreast cancer,cancer, expectedexpected 239,239, observedobserved 

204,204, SIRSIR¼0.850.85 (95%(95% CICI 0.74–0.97);0.74–0.97); pros-pros­

tatetate cancer,cancer, expectedexpected 60,60, observedobserved 46,46, 

SIRSIR¼0.770.77 (95%(95% CICI 0.55–0.99).0.55–0.99). ForFor lunglung 

andand colorectalcolorectal cancerscancers thethe ratiosratios werewere lowerlower 

thanthan unityunity inin bothboth parents,parents, butbut failedfailed toto 

reachreach statisticalstatistical significance.significance. IndexIndex casescases 

andand siblingssiblings hadhad aa non-significantnon-significant riskrisk re-re­

duction,duction, probablyprobably becausebecause ofof theirtheir rela-rela­

tivelytively youngeryounger age.age. IndexIndex cases:cases: females,females, 

SIRSIR¼0.780.78 (95%(95% CICI 0.37–1.19),0.37–1.19), males,males, 

SIRSIR¼0.880.88 (95%(95% CICI 0.55–1.20).0.55–1.20). Siblings:Siblings: 

brothers,brothers, SIRSIR¼0.920.92 (95%(95% CICI 0.72–1.13);0.72–1.13); 

sisters,sisters, SIRSIR¼0.830.83 (95%(95% CICI 0.66–1.00).0.66–1.00). 

TheThe cancercancer riskrisk amongamong siblings,siblings, afterafter ex-ex­

cludingcluding thosethose withwith schizophrenia,schizophrenia, remainedremained 

almostalmost unchanged:unchanged: brothers,brothers, SIRSIR¼0.930.93 

(95%(95% CICI 0.72–1.13);0.72–1.13); sisters,sisters, SIRSIR¼0.830.83 

(95%(95% CICI 0.66–1.00)0.66–1.00) (Table(Table 3).3). 

TheThe sensitivitysensitivity analysisanalysis performedperformed onon 

mothersmothers toto checkcheck forfor thethe ‘healthy‘healthy parent’parent’ 

(mother)(mother) effecteffect diddid notnot alteralter thethe findings;findings; 

mothersmothers ofof peoplepeople withwith schizophreniaschizophrenia re-re­

tainedtained aa significantlysignificantly reducedreduced cancercancer riskrisk 

(Table(Table 4).4). 

DIDISSCCUUSSSSIIOONN 

TheThe findingfinding ofof aa reducedreduced riskrisk forfor cancercancer waswas 

consistentconsistent acrossacross allall groups,groups, butbut particu-particu­

larlylarly markedmarked withwith respectrespect toto parents,parents, andand 

especiallyespecially forfor gender-concordantgender-concordant parent–parent– 

offspringoffspring pairs.pairs. ForFor indexindex casescases andand 

siblings,siblings, thethe riskrisk differentialdifferential diddid notnot reachreach 

statisticalstatistical significance,significance, mostmost probablyprobably 

owingowing toto lacklack ofof statisticalstatistical power.power. InIn anan 

earlierearlier studystudy ofof oursours basedbased onon aa muchmuch largerlarger 

cohortcohort (Grinshpoon(Grinshpoon etet alal,, 2005),2005), wewe diddid 

findfind aa statisticallystatistically significantsignificant reducedreduced can-can­

cercer riskrisk forfor indexindex cases.cases. WithWith respectrespect toto in-in­

dexdex cases,cases, thethe problemproblem inin thethe studystudy reportedreported 

herehere mightmight alsoalso bebe compoundedcompounded byby prema-prema­

tureture mortalitymortality (Goff(Goff etet alal,, 2005).2005). 

WithWith regardregard toto specificspecific cancercancer sites,sites, thethe 

testtest inin thisthis studystudy forfor breastbreast cancercancer waswas thethe 

mostmost adequate,adequate, sincesince thethe relativelyrelatively largelarge 

samplesample sizesize generatedgenerated enoughenough statisticalstatistical 

powerpower toto demonstratedemonstrate aa statisticallystatistically signifi-signifi­

cantcant reduction.reduction. ForFor otherother cancercancer sites,sites, ex-ex­

ceptcept forfor prostateprostate cancer,cancer, thethe resultsresults werewere 

lessless definite.definite. 

ThisThis studystudy hashas severalseveral methodologicalmethodological 

limitations strengths.limitations andand strengths. AA firstfirst possiblepossible 

limitationlimitation waswas pointedpointed outout byby DaltonDalton etet alal 
(2004,(2004, 2005)2005) –– namely,namely, thatthat toto controlcontrol forfor 

thethe ‘healthy‘healthy parent’parent’ effect,effect, parentsparents ofof chil-chil­

drendren withoutwithout schizophreniaschizophrenia constituteconstitute aa 

betterbetter referencereference groupgroup thanthan thethe generalgeneral 

population.population. WeWe doubt,doubt, however,however, thatthat theirtheir 

objectionobjection toto thethe FinnishFinnish studystudy (Lichtermann(Lichtermann 

etet alal,, 2001)2001) forfor usingusing thethe generalgeneral populationpopulation 

asas aa referencereference groupgroup isis relevantrelevant inin ourour case,case, 

because of ourour differentdifferent demographicdemographicbecause of 

patterns.patterns. WhereasWhereas inin DenmarkDenmark thethe totaltotal 

fertilityfertility raterate waswas 1.71.7 andand onlyonly 24.0%24.0% ofof 

householdshouseholds hadhad threethree oror moremore membersmembers 

(Danmark(Danmark Statistik,Statistik, http://www.dst.dk),http://www.dst.dk), 

amongamong JewishJewish Israelis,Israelis, thethe respectiverespective figuresfigures 

reachedreached 2.62.6 andand 60%60% (Central(Central BureauBureau ofof 

SSttaattiisstics,,tics //www.cbs.gov.il) IInnhhttttpp:://www.cbs.gov.il).. 11999977 

th sr fo 7.2% of menthee IIsraaeellii cecennssuuss fouunndd oonnllyy 7.2% of wwoomen 

35 and lde to ildless, erea inaaggeedd 35 and oolderr to bebe cchhildless, wwhhereass in 

nmar por on near 18.0%.DDeenmarkk tthhee prprooporttiion wwaass nearllyy 18.0%. 

our hoc ccoonnsseerrvvatiivveeMoreoveerr,,Moreov our adad hoc anddan at 
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schizophreniaschizophrenia thanthan amongamong parentsparents inin thethe 

referencereference population.population. Finally,Finally, earlyearly deathdeath 

amongamong thethe parentsparents ofof peoplepeople withwith schizo-schizo­

phreniaphrenia cannotcannot bebe ruledruled outout asas aa confound-confound­

inging factor.factor. However,However, therethere isis nono evidenceevidence toto 

suggestsuggest thatthat earlyearly mortalitymortality isis linkedlinked toto 

cancercancer risk.risk. 

OurOur register-basedregister-based studystudy hadhad twotwo parti-parti­

cularcular methodologicalmethodological strengths.strengths. BothBoth data-data­

basesbases providedprovided usus withwith fairlyfairly completecomplete 

andand accurateaccurate data;data; furthermore,furthermore, wewe re-re­

peatedpeated thethe databasedatabase linkagelinkage proceduresprocedures toto 

makemake suresure thatthat thethe matchesmatches werewere correct.correct. 

Additionally,Additionally, thethe differentialdifferential cancercancer riskrisk 

amongamong ethnicethnic groupsgroups inin IsraelIsrael andand thethe close-close­

nessness toto thethe ratesrates foundfound inin thethe USAUSA forfor 

frequentfrequent cancercancer sitessites (Freedman(Freedman etet alal,, 

2006)2006) reducereduce thethe possiblepossible group-specificitygroup-specificity 

ofof ourour results.results. 

InIn sum,sum, ifif thethe strengthsstrengths ofof ourour studystudy 

outweighoutweigh itsits limitations,limitations, wewe areare confidentconfident 

thatthat wewe detecteddetected aa consistentlyconsistently lowerlower riskrisk 

ofof cancercancer amongamong thethe parentsparents ofof peoplepeople withwith 

schizophrenia,schizophrenia, andand aa trendtrend amongamong indexindex 

casescases andand siblings.siblings. SeveralSeveral hypotheseshypotheses havehave 

beenbeen proposedproposed toto explainexplain thesethese findingsfindings 

(Mortensen,(Mortensen, 1994),1994), amongamong them,them, thethe dualdual 

rolerole ofof aa tumourtumour suppressorsuppressor genegene suchsuch asas 

p53p53 (Catts(Catts && Catts,Catts, 2000;2000; NiNi etet alal,, 2005).2005). 

TumourTumour suppressorsuppressor p53p53 hashas beenbeen identifiedidentified 

asas thethe mostmost frequentlyfrequently mutatedmutated genegene inin 

humanhuman cancer.cancer. TheThe genegene isis usuallyusually activatedactivated 

followingfollowing DNADNA damagedamage oror otherother typestypes ofof 

cellularcellular insult.insult. ActivatedActivated p53p53 maymay blockblock 

progressionprogression throughthrough thethe cellcell cyclecycle or,or, alter-alter­

natively,natively, maymay leadlead toto apoptosis,apoptosis, andand inin thisthis 

wayway preventprevent thethe accumulationaccumulation andand trans-trans­

missionmission ofof geneticgenetic damagedamage toto daughterdaughter 

cells.cells. InIn thethe specificspecific contextcontext ofof neuralneural devel-devel­

opment,opment, itit hashas beenbeen shownshown thatthat p53p53 fulfilsfulfils 

anan importantimportant rolerole inin thethe normalnormal apopto-apopto­

sis-drivensis-driven neurogenesisneurogenesis ofof variousvarious brainbrain 

structures.structures. InIn accordanceaccordance withwith thisthis notion,notion, 

itit hashas beenbeen postulatedpostulated thatthat increasedincreased p53p53 
levelslevels inin schizophreniaschizophrenia patientspatients maymay in-in­

creasecrease cellcell deathdeath inin potentiallypotentially criticalcritical areasareas 

ofof thethe centralcentral nervousnervous system.system. ThisThis hypoth-hypoth­

esisesis isis consistentconsistent withwith thethe multiplemultiple structur-structur­

alal defectsdefects inin cerebralcerebral anatomyanatomy reportedreported inin 

schizophrenia.schizophrenia. OnOn thethe otherother hand,hand, muta-muta­

tionstions inin thethe p53p53 genegene (the(the mostmost commoncommon 

causecause forfor p53p53 accumulation)accumulation) maymay bebe asso-asso­

ciatedciated withwith genomicgenomic instabilityinstability inin particularparticular 

probability oftissuestissues andand aa greatergreater probability of organ-organ-

neoplasticspecificspecific neoplastic transformation.transformation. TakenTaken 

together,together, thesethese featuresfeatures suggestsuggest thatthat p53p53 
mightmight constituteconstitute aa dualdual effectoreffector withwith 

importantimportant rolesroles inin thethe aetiologyaetiology andand devel-devel­

opmentopment ofof schizophreniaschizophrenia and,and, concomi-concomi­

tantly,tantly, inin cancercancer protectionprotection oror promotionpromotion 

an egIITTZZHHAAKK LLEEVVAAVV,, MMDD,, MMScSc,, MMeenntatall HHeaealltthh SSeerrvviicceess,, IIRREENNAA LLIIPPSSHHIITTZZ,, MMAA,, CCancceerr RRegiissttrryy,, MMiinniissttryry ooff HHeeaalltthh,, 
nst homJJeerurussaalleemm;; IILLYYAA NNOOVVIIKKOOVV,, PhPhDD,,GGeerrttnenerr IInstiittuuttee,, TTeell HHaasshomeerr HHoossppiittaall,, TTeell HHaasshomhomeerr;; IINNNNAA 

stPPUUGGAACCHHOOVVAA,, BBSScc,, DeDepaparrttmmeenntt ooff IInnffoorrmmaattiioonn aanndd EEvvaalluuaattiioonn,, MMeenntatall HHeaealltthh SSeerrvviicceess,, MMiinniistryry ooff HHeeaalltthh,, 
sa m, ra OH tr Hu avJJeerruusalleem, IIssraeell;; RROOBBEERRTT KKOHNN,, MMDD,, MMPPhhiill,, DDeeppaarrttmmeenntt ooff PPssyycchhiiaatryy aanndd Hummaann BBeehhaviioorr,, BBrroowwnn 

ty an A; CH CHANA an tr POUUnniivveerrssiity,, PPrroovviiddeennccee,, RRhhooddee IIssllandd,,UUSSA;MMIICHAABBAARRCHANA,,MMDD,,MMPPHH,,CCancceerr RReeggiisstryy,, AA.. PONNIIZZOOVVSSKKYY,, 
st Sac ScMMDD,, PPhhDD,, MMeenntatall HHeaealltthh SSeerrvviicceess,, MMiinniistryry ooff HHeeaalltthh,, JJeerruussaalleemm;; HHAAIIMM WWEERRNNEERR,, PPhhDD,, Sackklleerr Schhooooll ooff 

iv iv sity iv aeMMeeddiicciinnee,, TTeell AAvviv UUnniveerrsity,, TTeell AAvviv,, IIssrraell 

ondence zhak stry Health, nT ai treet Jer ale 1010, el el:CorreCorrespspondence:: DDrr IIttzhak LLeevvaavv,,MMiinniistry ooff Health, 22 BBeenTaabbai SStreet,, Jeruussalemm 991010, IIssrraael..TTel: 
+9+97272 22 568568 114429;29; ffaaxx:: +9+97272 22 6672 58582222;; eemmaaiill:: IIttzzhhaakk..LLeevvaavv72 @@ th.mmooh.h.hheealalth.ggovov..iill 

te to 6)((FFiirrsstt rreecceeiviveedd 22 AApprriill 22000066,, ffininaall rreevviissiioonn 1177 AuAugguusstt 22000066,, aacccceepptedd 33 OOcctobbeerr 2200006) 

(Catts(Catts && Catts,Catts, 2000;2000; ParkPark etet alal,, 2004;2004; 

YangYang etet alal,, 2004;2004; CuiCui etet alal,, 2005;2005; NiNi etet 
alal,, 2005).2005). 

AlthoughAlthough thethe geneticgenetic hypothesishypothesis hashas 

beenbeen challengedchallenged (Jablensky(Jablensky && Lawrence,Lawrence, 

2001),2001), basedbased onon ourour findingsfindings thisthis hypoth-hypoth­

esisesis constitutesconstitutes anan attractiveattractive tentativetentative ex-ex­

planationplanation thatthat deservesdeserves furtherfurther research.research. 

AnAn advantageadvantage ofof thisthis lineline ofof researchresearch wouldwould 

bebe thatthat byby probingprobing intointo thethe purportedpurported linklink 

betweenbetween schizophreniaschizophrenia genesgenes andand cancer,cancer, 

wewe mightmight learnlearn somethingsomething aboutabout schizo-schizo­

phreniaphrenia byby studyingstudying cancercancer (Kalkman,(Kalkman, 

2006).2006). 
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