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Genetictestinginhereditarynon-polyposiscolorectal
cancerfamilieswitha  MSH2, MLH1,or MSH& mutation

AWagner,CTops ,JTWijnen,KZwinderman,CvanderMeer,MKets,
MFNiermeijer ,JGM Klijn,ATibben ,HFA Vasen,HMeijers-Heijboer

autosomaldominantlyinheritedcancersusceptibility

syndromehereditarynon-polyposiscolorectalcancer
(HNPCC)."” HNPCCischaracterisedbyahighriskofdevelop-
ingcolorectalcancerandendometrialcanceratayoungage
(cumulativelifetimerisk80-90%and30-40%,respectively),
andbyanincreasedriskofdevelopingvariousothertumour
types,suchasovarian,uroepithelial, smallintestine,biliary

ﬁ bout5%ofcolorectalcancersareassociatedwiththe

tract,stomach,brain,andskincancers. *> Germlinemutations

inoneofthreemismatchrepairgenes( MSH2, MLHI,and
MSH6)werefoundtoberesponsibleforamajorityofHNPCC
families.*”
KnowledgeofthecausativemutationinaparticularHNPCC
familyenablestheidentificationofatriskfamilymembersby
genetictesting.Clearly,theabsenceorpresenceofamutation
isofconsiderablemedicalandpsychologicalsignificance.
Subjectsnotcarryingthemutationarerelievedfroma
continuousanxietyandcanbedismissedfrommedical
surveillance,savingthemtroubleandreducinghealthcare
costs."” Importantly,subjectswiththemutationcanbenefit
fromamedicalsurveillanceprogramme.ForHNPCC,colon-
oscopyhasbeenshowntobeapotenttoolforthedetection
andtreatmentofpremalignantadenomasorearlycolorectal
carcinomasinatrisksubjects,reducingtheriskofdeveloping
colorectalcanceranddecreasingtheoverallmortalitybyabout
65%.""" Thepossibilityofearlydetectionofcolorectalcancer
bystoolanalysisusingthegeneticmarkersTP53,BAT26,and
K-RASraisesexpectationsforthedevelopmentoflessinvasive
surveillanceprocedures. " Furthermore,interventiontrials
withnon-steroidalanti-inflammatorydrugs(NSAID)insub-
jectsatriskfordevelopingcolorectalcancerarein
progress.'*"”
Sofar,studiesontheuseofgenetictestinginHNPCC
familieshaveusedfamiliesorsubjectswhohadbeen
registeredforresearchpurposes. 117 Ttisconceivable,
however,thattheseresearchfamiliesrepresentaselected
groupof HNPCCfamilieswheredecisionmakingprocesses
aredifferentfromthoseinfamiliesinaclinicalsetting.Here,
wereporttheuseofgenetictestinginl8clinically
ascertained HNPCCfamilieswithaknownmutationin
MSH2,MLHI ,or MSH6.

MATERIALANDMETHODS

Patients
EligibleHNPCCfamilieshavebeenreferredtotheDepartment
ofClinicalGeneticsoftheErasmusUniversityMedicalCentre
Rotterdamforoncogeneticcounsellingbygeneralpractition-
ersandmedicalspecialistssince1992.DNAanalysisofthe
MSH2, MLHI,and MSH6 geneswasperformedatthe
DepartmentofHumanandClinicalGenetics,LeidenUniver-

sityMedicalCentre,asdescribedpreviously.  '**° Familieswere

includedinthestudywhenamutationineitherofthesethree
mismatchrepairgeneswasidentifiedbefore2000.Subjectsof
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Keypoints

eInaclinicalsetting, considerableinterestwasobserved
forgenetictestinginHNPCCfamilieswithaknown
germlinemutation.

eTestingwasusedmorefrequentlybysubjectswitha
higherpre-testgeneticriskforthemutation,bywomen,
andbysubjectswithchildren.

#Genetictestinghasearnedaplaceinthestandard
medicalcareforsubjectsatriskforHNPCC.

Tablel Mutationsinthe MLH1, MSH2,and MSH6
genesintheHNPCCfamiliesstudied

Families
GeneNatureofthemutation(nucleotidechange) (n=18)

MSH2  Genomicdeletionexon3 1
Spliceacceptorsiteintron9(IVS9_2A>G)1
Frameshiftmutationexon2(229_230delAG) 1
Nonsensemutationexon13(2038C>T)1
Genomicdeletionexon1
Nonsensemutationexon8(1285C>T) 2
Frameshiftmutationexon2(1705_1706delGA) 1
Frameshiftmutationexon14(2347delC)1

MLHT  Splicedonorsiteintron8(IVS8+1delG)1
Inframedeletionexon16(1852_1854delAAG)5
Splicedonorsiteexon16(1896G>A) 1
Spliceacceptorsiteintron9(IVS9-1G>C) 1

MSHé  Frameshiftmutationexon4(1784delT) 1

thesefamilieswereincludedwhentheywereaged18years
andoveratthetimeofmoleculardiagnosisinthefamilyand
whentheyhadapre-testgeneticriskforcarryingthe
mutationof100%,50%,0r25%(seeresults).

Procedure

Ingeneral, theinitialsearchforthecausativemutationhad
beenperformedonbloodDNAoftheyoungestcolorectal
cancerpatientinthefamily(theindexsubject).Identified
mutationswereconfirmedinallrelativesaffectedwithan
HNPCCrelatedtumourfromwhichDNAsampleswereavail-
able.Theinitialcounselleeandindexsubjectswereaskedto
informalltheadultfirstandseconddegreerelativesof
patientswithanHNPCCrelatedtumouraboutthegenetic
predispositiontocancerintheirfamily. Writteninformation
todistributeamongtheirfamilymemberswasmade
availabletothem.Thisinformationincludedfactsonthe
inheritanceofthecancersusceptibilityintheirfamily, the
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Table2 Characteristicsofthefamiliesstudied

Families Meannumber  MeanageCRC Meannumber  MeanageEC
Gene (n=18) CRC/family (range) EC/family (range)
MSH2 9 4.8 43.8y(23-75)1 46.4y(30-54)
MILHT 8 5.4 43.7y(27-72)0.5 46.3y(41-82)
MSHé6 1 7 60.4y(32-84)5 55y(50-60)

CRC, colorectalcancer.EC,endometrialcancer.

possibilityofgenetictesting, therisksofdevelopingcancer,
andtheoptionsforintervention.Relativesoptingforgenetic
testingreceivedoneormoreindividualpre-testcounselling
sessionsaccordingtotherecommendationsoftheAmerican
SocietyofClinicalOncology, *'includingthediscussion
ofmedical,genetic,andpsychosocialaspectsofgenetic
testing.Psychologicalsupportwasofferedtoallsubjects
throughoutthetestingprocedure.Disclosureofthetest
resultsfollowedwithiné6-12weeksafterbloodsampling.
Mutationcarrierswerereferredtolocalspecialistsforfollow
upandsurveillance.InTheNetherlands, thissurveillance
comprisescolonoscopyandgynaecologicalexamination
everyonetotwoyears.Inthiscountry,prophylactic
colectomyiscurrentlynotofferedtounaffectedmutation
carriers.

Datacollectionandstatisticalanalysis
Alldatawerecollectedfrommedicalrecords.Descriptivesta-
tisticswereusedtoestablishtestratesofgenetictesting.The
influenceofpre-testgeneticrisk,gender,parenthood,andage
ontheuseofgenetictestingwasfirstassessedbyunivariate
analysis.Subjectswerecategorisedintosubjectsyounger
than50yearsandsubjects50yearsandolder.Thesimultane-
ousinfluenceofgender,parenthood,andagewasalso
assessedbymultivariatelogisticregressionanalysisinthe
50%risksubjects.Pre-testgeneticriskhadbeenexcluded
fromthemultivariateanalysis,asabouthalfofthedata
onparenthoodandageweremissingforthe25%risk
subjects.
Toassessthetimedependentrateofgenetictesting,
Kaplan-Meiersurvivalprobabilitieswerecalculatedfor50%
risksubjectswithafirstdegreerelativewithanHNPCC
relatedtumour.Bydoingso,weavoidedincludingthetime
25%risksubjectshadtowaitforthegenetictestresultof
theirparent.

RESULTS
Acohortofl8consecutiveHNPCCfamilieswasselectedthat
hadaknownmutationin MSH2 (n=9), MLHI (n=8),0r MSH6
(n=1)(tablel).Allfamilieswereof Europeanorigin.Five
apparentlyunrelatedfamilieshadanidentical MLHI] muta-
tionandtwoapparentlyunrelatedfamilieshadanidentical

MSH2 mutation(tablel).Atthetimeofclinicalascertain-

ment, 150fthel8familiesfulfilledtheAmsterdamII

criteria.” Oftheotherthreefamilies, twofamiliespresented

withasinglepatientwithcolorectalcancerundertheageof40
yearsandonefamilyhadthreepatientswithendometrial
cancerandonepatientwithovariancancer,alldiagnosedover
theageof50years. # Specificdetailsofthenumberof
colorectalandendometrialcancersperfamilyandagesof
onsetarelistedintable2.
Thel8selectedfamiliesconsistedof523living
subjectswithal00%(n=60),50%(n=308),0r25%(n=155)
pre-testgeneticriskofcarryingthefamilyspecificmutation
(table3).Forpracticalreasons,thesubjectsdiagnosedwith
anHNPCCrelatedtumour(n=>56)andobligatecarriers
(n=4)weredesignatedashavingal00%pre-testgenetic
risk.Thesubjectswitha50%riskhadafirstdegree
relativewithanHNPCCrelatedtumour(n=267)orafirst
degreerelativewhowasamutationcarrier(n=41).
Thesubjectswitha25%riskhadalivingunaffectedparent
witha50%risk(n=64)oraparentwitha50%riskwho
haddiedwithoutevidenceofanHNPCCrelatedtumour
(n=91).
Genetictestingwasusedby2600f523(50%)eligible
subjects(table3).Amutationwasdetectedin133(51%)
subjects,ofwhom83wereunaffected.Ofthesubjects
withapre-testgeneticriskof100%,50%,and25%for
carryingthemutation,87%,57%,and21%respectively
usedgenetictesting(p<0.0001for100% v 50%;p<0.0001for
50% v 25%)(tables3and4).0Ofthe25%risksubjectswhohad
anunaffected50%riskparentwhodidnotoptfortesting,
onlythreeof64(5%)subjectsusedgenetictesting.In
contrast,ofthe25%risksubjectswithadeadunaffected50%
riskparent,300f91(33%)subjectsusedgenetictesting
(table4).Thetestrateamongthe30850%risksubjectswas
62%inwomenversus51%inmen,suggestingasmallbut
significantpreferenceforwomentousegenetictesting
(p=0.041,table4).Thetestratein50%risksubjectswith
childrenwas70%versus45%forthosewithoutchildren,
indicatingparenthoodasastrongerpositivepredictor
towardstesting(p<0.001,table4).Theageofthesubjectsdid
notinfluencetestrates(table4).Multivariateanalysisofthe
datawasconsistentwiththeunivariateanalysis,again
indicatinggenderandparenthoodassignificantparameters
forgenetictestusage(table4).Themeantimeoffollowup
afteridentificationofthemutationinthefamilywas42
months(rangel2-74months).Forty-onepercentof50%risk
subjectsdecidedforgenetictestingwithinoneyear.Ata

18HNPCCfamilies

Table3  Genetictestingandoutcomein100%,50%,and25%riskcarriersinthe

Mutationcarrier50(96%)80(46%)0

25%
Pre-testrisk100%50% ParentaliveParentdeadTotal Total
Numberé0 30864 91 155523
Tested 52(87%)175(57%)3(5%)30(33%)33(21%)260(50%)

3(10%)3(9%)133(51%)
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Table4 Genetictestuseinrelationtogender,
parenthood,age,andpre-testgeneticrisk

TotdTested(%)UnivaideMultivaide

Gender*
Females15697(62)p=0.041p=0.045
Males15278(51)

Children*
Yes 182127(70)p<0.001p=0.013
No 10748(45)

Age*

<50y191104(55)p=0.24p=0.39
>50y11772(62)
Pre-testrisk
50% 308175(57)p<0.0001-
25% 15533(21)
25%riskcarriers
Parentalive643(5)p<0.0001-
Parentdead9130(33)

*Insubjectswithapre-testgeneticriskof50%.

14
7]
Qo
% 0.75 —
[a)
[
=
3
< 05
k)
f =4
c
2
5 025
Q.
(<]
a
0 | | | | | |
0 6 12 18 24 30 36

Time since genetic diagnosis in family (months)

Number at follow up

267 191 159 86 23
Figurel Timedependentrateofgenetictestinginsubjectswitha
50%pre-estgeneticrisk. Theproportionof50%riskcarriersnot
havingthegenetictestisshownat0,6,12,24,and3émonths
aftertheidentificationofthefamilialmutation.Only50%risk

carrierswithafirstdegreerelativewithanHNPCCrelatedtumour
areincluded.

followupattwoyearsandthreeyearsaftermolecular
diagnosis,58%and65%respectivelyofthe50%risksubjects
weretested(figl).

DISCUSSION

Toourknowledge, thepresentstudyisthefirsttoevaluatethe
useofgenetictestingforHNPCCinaclinicalsetting.
Importantly,wedeterminedtheuseofgenetictestingincom-
pletepedigrees,includingallaffectedfamilymembersand
theirunaffectedfirstandseconddegreerelatives.Thiswas
donein18HNPCCfamilieswithanidentifiedpathogenic
mutationin MSH2, MLHI,0or MSH6.Thesefamilieswerequite
extensive,withanaverageof29studysubjectsperfamily.The
useofgenetictestingby50%riskcarriersinourfamilieswas
57%.Thistestratewaslowerthanthe75%testrateinaFinn-
ishcohortof446subjectsatsimilarriskforanHNPCCgerm-
linemutation. ' TheFinnishsubjects,however,hadconsented
toregistrationandparticipationinresearch,whichislikelyto
bepositivelycorrelatedwithinterestingenetictesting.Also,
theFinnishpopulationisknownforitspositiveattitude
towardsgenetictesting. ** InaNorthernAmericanstudyonly
90outof208subjects(43%)fromfourextendedHNPCC

835

researchfamiliesweretested. 7 Asthepre-testgeneticrisksof
thestudysubjectswerenotspecified, wecannotcomparetheir
datawithours.
Wefoundthatthemagnitudeofpre-testgeneticriskfor
carryingthemutationwasstronglycorrelatedwithtestrates
(87%,57%,and21%for100%,50%,and25%risksubjects,
table3).Thisphenomenonhasalsobeenobservedinother
inheriteddiseases. ** Interestingly,25%risksubjectswithan
unaffected50%riskparentwhowasaliverarelyoptedfor
genetictesting(5%),whereassubjectswiththesamepre-test
geneticriskbutwithadeadunaffected50%riskparent
usedgenetictestinginone-thirdofthecases(tables3and4).
Thismaybebecausetheidentificationofthemutationina
childdesignatestheparentasanobligatecarrierandchildren
fromalivingunaffected50%risksubjectmaythereforebe
morelikelytorefrainfromgenetictestinginordernotto
overruletheirparents’preferencefornotknowing”.Also,
childrenmaysharestrategiestocopewithgeneticriskswith
theirparents.Theslightlyhighergenetictestratesinwomen
thanmen(62% v 51%)wasalsoseeninanotherlateonset
inheriteddisease. * InHNPCC,however,theadditionalrisk
forendometrialcancerinfemalemutationcarriersprobably
alsoinfluencestheuseofgenetictesting.Thesignificantly
highertestratesamongsubjectswithchildrencomparedto
subjectswithoutchildren(70% v 45%)hasalsobeenobserved
infamilieswithinheritedbreastandovariancancer
(HBOC).” Thesefindingsemphasisethatknowledgeofthe
cancerrisksforoffspringisamajorreasonforsubjectsto
optforgenetictesting.Thehightestrateintheaffected
100%risksubjectsalsoseemstoreflectthisphenomenon,
sincetheirparticipationispivotalespeciallyforthe
identificationandconformationofthepathogenicmutation
inthefamily,butgenerallyhasfewmedicalimplicationsfor
themselves.
Asignificantproportionofsubjectswastestedmorethan
oneyearaftertheidentificationofthefamilyspecific
mutation(65%ofthe50%riskcarriersatafollowupofthree
years)(figl).Interestingly,atourinstitute, thetimeperiod
fordecidingforgenetictestingwasstrikinglylongerforsub-
jectsatriskforHNPCCthanforsubjectsatriskforHBOC
(50%at18monthsversus9months). » Thedifferencesin
timeneededfordecisionmakingmayperhapsberelatedto
theonetotwoyearsintervalforcolonoscopyinHNPCC
familiesversusthesixmonthsintervalforbreastsurveillance
inHBOCfamilies.
Genetictestingratesdependonthenaturalhistoryofthe
diseaseconcerned,thesuccessoftreatment,theefficacyand
acceptabilityofsurveillanceandprevention,andthecosts
involved.” Theuseofgenetictestingin50%risksubjects
variesfromabout20%inHuntington’sdisease(nointerven-
tionsavailable,butreliefofuncertaintyandrelevancefor, for
example,reproductivechoices) ** to ~55%inhereditary
breastandovariancancer( BRCAI and BRCA2 genes,surveil-
lanceandprophylacticmastectomy,prophylacticoophorec-
tomy,andchemopreventionavailableforfemalecarriers),
to ~90%infamilialhypercholesterolaemia(lipidlowering
treatmentavailable). ' The57%HNPCCgenetictestingratein
50%riskcarriersreportedhereissimilartothatofwomen
withthesamegeneticriskforcarryinga BRCAI or BRCA2
mutation.Thissuggeststhatthetotalloadoffactorsthat
influencethechoicetooptforgenetictestinginHNPCC
equalsthatinHBOC.Theefficacyofregularcolonoscopyin
HNPCCmutationcarriersismorefavourablecomparedto
regularmammographyinyoungwomenwitha BRCAI or
BRCA2 mutation.'” Thislimitedefficacyofmammography
causessomewomenwitha  BRCAI or BRCA2 mutationtoopt
forprophylacticmastectomy. ** Thoughcolonoscopyisnotas
invasiveastheprophylacticmastectomyinHBOC, theburden
andviolationofphysicalintegrityofthissurveillancemaybe
anunderestimatedfactor.Also,theadditionalrisksforother
HNPCCrelatedcancers,likebraintumours,forwhichno
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optionsforsurveillanceandpreventionareavailable,can
causesubjectstorefrainfromtesting.Otherreasonsnotto
optfortestingmightbefearoffinancialandsocialdiscrimi-
nationandinabilitytocopewithapositivetestresult.Nota-
bly,inTheNetherlands,cancerpredispositionisnoreasonfor
exclusionbythehealthinsurancecompanies,norfordenial
ofaccesstoemployment.Itwasshownthatmosttestedsub-
jectsareabletocopewithgenetictestingforcancerpredispo-
sitionintheshortterm,particularlyalsoforHNPCC.
Moredataonthelongtermpsychosocialimpactofgenetic
testingforHNPCCaswellasdataonthereasonsand
psychosocialimpactofrefrainingfromgenetictestingare
needed.

Fromthedatareportedhere, however,itcanbeconcluded
thatthereisconsiderableinterestingenetictestingin
subjectsfromHNPCCfamilieswithaknownmutation.Also,
inviewofthereductioninmorbidityandmortalityupon
surveillanceofidentifiedmutationcarriers,genetictesting
hasearnedaplaceinthestandardmedicalcareforpeopleat
riskforHNPCC.
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