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Introduction

GENERAINTRODUCTION

Huntington’s disease (HD) is a severe late pnset autosomal dominant

neurodegenerativadisorder. HDwasfirst describedby GeorgeHuntingtonin

187Z. After more than a century the HD gene was localised and it took

another decade until the HD causinggenetic defect in the HTT gene was

identified in 1993 Much hasbeen learnedabout the disease'spathogenesis
sincethen. Despiteall efforts, experimentalstudieshave not yet resulted in

preventiveor delayinginterventions,let alonethe discoveryof acure”.

HD was the first autosomal dominant late onset disease for which
presymptomatidestingbecameavailable enablingat riskindividualsto decide
“whether or not to know their geneticstatus™®®. Internationalguidelineswere
developedto provide a structured predictive testing programmé® which was
used as a model for testing programmesfor other late onset inherited
disease$

The incurability and moral issuessuch as the disclosureof information to
childrenandother relatives,aswell asconsequencefor future offspringare of
importancein decisiongegardingpresymptomaticesting* *“.

Prenatal diagnosisand preimplantation genetic diagnosisare reproductive
options for at risk coupleswho want to prevent the birth of a child with a
mutation causingHD.Directmutation testingaswell asthe more controversial
exclusiontesting are the methods applied. Reproductiveoptions for 50%at r
risk individualsor carriersof an HD causingmutation vary between countries,
dueto differencesin legislationand ethical,moral or religiousconsiderations.

Clinicaland geneticperspectivesof Huntington'sdisease

Clinicalpresentation

Themain symptomsand signsof Huntington'sdisease(HD)consistof motor,
cognitive and psychiatric disturbances.HD is characterizedby late onset
between the agesof 30 and 50 years, with a range of 2 to 85 years>.
Preclinically patients may have subtle and otherwise undetected changesin
motor skills, cognition and personality®. Progressionleadsto an increased
dependency.Death occurs on average 17 20 years after diagnosis, most
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frequently due to pneumonia,the secondmost frequent causeof death is
suicide™ 8.

Thecharacteristicchoreaticmovementsare presentin over 90%of individuals
during waking hours. Theseinvoluntary movements primarily occur in the

distal extremities and graduallyspreadto more proximal and axial muscles,
until all musclesare involved. Walkinginstability and dysarthriamay make a

patient appearto be drunk. Dysphagianayresultin chokingor asphyxia’.

Psychiatricsignsoccurin 33%to 76%of patients’®, usuallywith a considerable
impact on functioning and on family member’. Depression,the most
commonsign,maybe of pathologicakather than psychologicabrigin®. Suicide
is quite common, especiallyin the period around the genetictest and when
independencediminished’*#%%%, Anxiety, personality changes,obsessions
and compulsionscandisturb the patient's life, and canalsolead to irritability
and aggressionlrritability, varyingfrom disputationto physicalaggressionijs
often the very first sign®. Affective and schizophrenicpsychosismay be
observed®*, whereas hypersexualbehaviour may be presentin the early

stagesof the disease.

Cognitivedecline,which canoccurlongbefore the first motor symptom$°>%’, is
characterizedy lossof executivefunctions,problemswith mental adjustment,
and memory loss. All psychomotor processesbecome severely retarded'.
Languageésrelativelypreserved.

Unintended weight loss occurs, possiblyas a result of decreasedappetite,
difficulties in handling food and dysphagia. Additionally, hypothalamic
neuronal los$®?° and a relatively higher number of CAGrepeatsseemto be
associatedwith weight los$®*!. Sleepand circadianrhythm disturbancesare
now underinvestigatiori>®

Geneticsandinheritance

Huntington'sdiseases causedby an autosomaldominantlyinherited mutation
in the Huntingtin (HTT gene. This gene is located on the short arm of
chromosome4p16.3 and codes for the protein huntingtin®. Exon1 of the
normal or ‘wild type’ genecontainsa CAGrepeat codingfor a polyglutamine
stretch in the protein, rangingfrom 6 to 26 trinucleotides.HD is associated
with 36 CAGrepeatsor more. Definite clinical manifestationwill occurif the
number of repeats exceeds39. Incomplete penetranceor late onset occurs
from 36 to 39 repeats. A repeat length between 27 and 35, the socalled
intermediateallele, is generallynot associatedvith symptomsof HD,but (like

10
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anyrepeatsizelargerthen 26) maybe unstablewhen passedon to offspring.If

changesn the repeat sizedo occurduring meiosis,they most frequently lead
to elongation,althoughshorteningdoesoccuroccasionallyThismay resultin

expansionswithin the incomplete penetranceor, incidentally, into the full

penetrancerange*® This phenomenonis called anticipation and is mainly
observedin the paternal line of inheritancé®. JuvenileHuntington's disease
(JHD),with an onset before the age of 20 years, mostly occurswith a CAG
repeatlengthof over55%.

Thelength of the repeatdeterminesabout 70%of the variancein ageat onset
and is not associatedvith a specificform of presentatior’ ®°. Relativelymore
progressivecognitiveand motor deterioration appearsto be associatedvith a
longer CAGrepeat'®*.. Theprogressiorof behaviouralsymptomsseemsnot to

be related to repeat sizé”. The existenceof a modifying effect of the CAG
repeat length of the normal HTT allele on diseaseseverity remains under
debate™ 34

Epidemiology

The prevalenceof HD varies from 5 to 10 per 100,000in the Caucasian
population. In Japan,a prevalence of about onetenth of the Caucasian
populationis described. HD alsoappearslessfrequent in China,Finland,and
amongblack Africans.The prevalenceof HD exceedsl5 per 100,000in some
populations, mostly of western Europeanorigin'. The true prevalenceof HD
may be highef**. IntermediateHTTallelesare found in approximatelyl%6%
of individualsin somepopulationg**" 48

Pathogenesiandtherapy

The wild type Huntingtin protein is involved in synaptic function, and is

expressedn the postembryonicperiod. It may have an anti apoptotic effect

and play a protective role againstthe toxic mutant, huntingtin®. Therole of

the mutation hasbeenstudiedin manycellsand organismsmice modelsbeing

the most commonly used. Neuronal intranuclear and intracytoplasmic
inclusionsare found in manyareasof the brain, but the exactmechanisnis still

not clear. Theymight be pathogenicin themselvesor only asa sideproduct.

Theoverallpathology,brain atrophy, particularlyin the striatumwith extensive
neuronalloss,is well knowr?®>%. Significantatrophic changesn the brain have
evenbeendetectedprior to anyclinicalmanifestationof HDF/°2

11
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Reproductiveoptions for couplesat risk of transmitting HDto offspring

Theautosomaldominantinheritanceof HDimpliesa 50%risk for eachchild of
anHDpatient or asymptomaticcarrierof a CAGepeatexpansiorto inherit the
abnormalHDgene. At risk individualsor HDmutation carriershistoricallyhave
a variety of reproductive options. They can accept or take the risk of
transmitting HD to their offspring, or they can decide not to have children.
Otherwise,transmissionof HD can be avoidedby usingdonor gametesor by
adoptinga child. Spermdonationis relativelyeasyto apply,either assistecby a
fertility clinic or by the use of selffertilisation kits. The number of available
sperm donors has recently decreasedhowever, perhapsas a result of new
regulationsinvolvingdecreasedrivacyfor spermdonors®. In the Netherlands,
oocyte donation used to be limited to coupleswho had found their own
donors,but sincethe introduction of an oocyte bankin the Utrecht University
Medical Centre (April 2012),this form of donation may becomemore widely
available in the near future. Adoption through official Dutch adoption
institutionsis limited to coupleswith a normallife expectancyandistherefore
no option for couplesat riskof HD.

Thediscoveryof the HTTgenecreatedreproductiveoptionsfor couplesat risk
to prevent HD in their own biological children. The reproductive options
dependon the willingnessof the at risk personto find out hisor her HDcarrier
status. The two most likely options, both requiring medical assistance are
prenatal diagnosisand preimplantation geneticdiagnosis.The selectionmost
frequently involvesthe direct detection of the CAGexpansion However ,if the
at risk persondoesnot want to know his/her geneticstatus,the HDrisk may
be excludedndirectlyby an exclusiortest.

Prenataldiagnosis

In prenataldiagnosigPND) placentaDNAmaterialidenticalto the foetal DNA
is tested for HD.TheDNAIs obtainedby a chorionicvillus (placental)biopsy,at
around11 4.2 weeksof gestationalage.Amniocentesisanbe carriedout from
15 weeksof pregnancyby collectingamniotic fluid. In both casesDNAwill be
isolatedandthe resultis availableafter 2 to 3 weeks.A chorionicvillus biopsy
involves a miscarriagerisk, dependingon the method and the hospital, of
about 1%, while about 0.5%o0f amniocentesesesultin miscarriage¥ ©°. After
an unfavourable test result, the couple are expected to terminate the
pregnancy,in accordancewith what has been discussedduring pre test
counselling.

12
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Preimplantationgeneticdiagnosis

PreimplantationgeneticdiagnosigPGDstarts with IVFtreatment to stimulate
the ovariesto grow at least4 follicles”*® After about 14 days,the oocytesare
collectedby aspirationof the follicles. Fertilisationof the oocytestakesplace
via intracytoplasmicsperm injection, in order to avoid contamination with
adhesivespermatozoaAfter 5 dayssome of the fertilised oocyteswill have
developedinto embryosconsistingof about 8 cells.Fromeachembryoone cell
is biopted, representingthe DNAof the future child. Thisblastomerewill be
usedfor DNAanalysesand will be either directly tested for CAGexpansionor
indirectly usingan exclusiontest. A day later, the PGDtest result enablesthe
non HDembryosto be distinguishedrom the HDexpansiorcarrierembryosin
order to selectan HDfree embryo for transfer. A disadvantageof PGDis the
limited successrate (about 20% take home baby rate) per started cycle®.
What shouldalsobe consideredare the invasivenessf the PGDprocedureand
the risk of complicationsof the IVF treatment to the mother, as well as
possible/unknowrrisksfor the future child™.

The major advantage, however, is the chance to avoid a pregnancy
termination, whichcanalsobe consideredafairly invasiveprocedure.

SinglecellDNAanalysesisedin PGD

PGDrequiresa preparationtime of someweeks whenboth HT Tallelesof both
partners are tested for the CAGrepeat length. To improve reliability, marker
testingwasaddedto the PGDtest, requiring family membersfrom both sides
of the family to participate. Thisway the segregationof flankingmarkerscan
helpto identify the embryosfree from HD?*%*-2

ExclusiontestingPNDor PGD

For at risk individualswho do not want to be informed of their HD status,
exclusiontesting may be an option. Marker testing usingDNAof the future or
would be parentsis usedto distinguishthe HD allelesderived from different
grandparents,without information being disclosedabout the CAGrepeats
(Figurel). In the exclusiontest the origin of the HD allelesin a blastomereor
foetal DNAIs identified. An embryo or foetus which hasinherited one of the
HDallelesfrom an affectedgrandparenthasan HDrisk of 50%,identicalto the
at risk parent. In this case,the embryowill be discardedor the pregnancywill
be terminated. Detection of the HD alleles of the healthy grandparentis
associatedvith a low HDrisk, which makesthe embryoeligiblefor transferor

13
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allows the pregnancyto be continued. Internationally, the use of exclusion
testing is rather controversial, since 50% of the discarded embryos or
terminatedpregnanciewill in fact not be at risk of developingHD.

In the Netherlands,prenatal exclusiontesting has been availablesince 1987.
ExclusionPGDis not allowed in the Netherlandsfor two reasons.First, the
discardedembryoshavea 50%chanceof beingfree from HD.Second 50%of
women using exclusionPGDare in fact ‘unnecessarilyexposedto the side
effects and risks involved with IVF/ICShand embryo biopsy neededfor PGD,
becausehe at riskpartneris not actuallycarryinga mutation causingHD.

Figurel. Exclusiortestingillustrating HT Tallelesrelated to the 50%HDrisk

| | _Q Basiqorincipleof exclusiortesting:
* ExcludingHTT allelesof the

HT Taleles Healthy affectedgrandparent
o be Huntington grandparent : : ;
avoided g (both associatedvith 50%HDrisk)
Q » PND:50%chanceof terminatinga
healthypregnancy
34jr (appliedin the Netherlands)
No symptoms « PGD:50%chanceunnecessary’
treatment (if at riskparentno HD)
| | (not allowedin the Netherlands)
50%HDrisk Freefrom
(like father) HD
Setting

In the Netherlands LeidenUniversityMedical Centre(LUMC)s historicallythe
centre of HD expertise in the fields of Neurology, Pathology, Psychology,
Molecular Genetics,and Clinical Genetics. The Laboratory for Diagnostic
GenomeAnalysed UMGis the nationaldiagnosticentre for DNAanalysedor
HD. Sincethe first marker analysesbecame availablein 1983, it has been
possibleto offer HD families predictive testing. For carriersof the HD causing

14
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mutation and personsat 50%risk, prenataldiagnosidor HDhasbeenavailable
in the Netherlandssince1987°°,

In 1995, the Maastricht University Medical Centre (MUMC+) started
preimplantationgeneticdiagnosigPGD) The MUMCH+is still the only licensed
centre for PGDin the Netherlands.PGDfor HD hasbeen availablesince1998
andin 1999the first PGDcyclefor HDwas performed. Initially, it wasdecided
by the Maastricht PGDcentre to offer only direct testing®®. Since2006, PGD
exclusiontesting for HD has been prohibited by law®. Couplesrequesting
exclusiontesting canbe referred to the PGDcentre in BrusselsMore recently,
transport IVF/PGLhasbeenestablishedwith the UniversityMedicalcentresin

Utrecht, Groningenand Amsterdam.All PGDanalysesare centrally performed
in Maastricht. Furthermore, Maastricht is one of the main centresin the

Netherlandsoffering PNDfor HDby direct or exclusiortesting.

Thereis a longtradition of clinicalcollaborationin the field of HDbetweenthe
UniversityMedical centresin Leidenand Maastricht. The researchunderlying
this thesisbeganin Maastrichtin 2009andwascontinuedfrom 2011in Leiden
andMaastricht.

Thisthesis representsthe first combined scientific output and providesthe
uniqueopportunity of displayingesultsand expertisefrom both centres.

Aimsof this thesis

We aimed to study the reproductive behaviour of couples at risk of
transmittingHDto their offspringin the Netherlands Thespecificaimswere:

i To study the use of PND for HD over the years and to study the
developmentof its use sincethe first applicationof PNDfor HD and the
introduction of PGD(chapters2 and 4).

i To find factors contributing to a couple’'s opting for PGD in the
Netherlands.To study the effect of age of onset, diseaseseverity,and
other characteristicof the diseaseon a couple’sdecisionto opt for PGD
andto actuallystart PGD(chapters4 and5).

i Tostudy the use of PNDand PGDfor HDin the Netherlands,to define
differencesbetween couplesopting for PNDor PGDand to find factors
contributingto a shift from one option to the other (chapter4).

i To comparethe use of PGDfor HD in PGDcentresin three western
Europeancountries. To study differencesin requestsfor exclusionand

15
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direct testing PGDand differencesin legislationbetweenBelgium,France
andthe Netherlandqchapter3).

To explore the motives and experiencesof Dutch couples opting for
exclusiontesting for HD using PNDand or PGD,and to reflect on their
choicegchapter6).
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Abstract

This study aims to give an overview of the number of prenatal tests for
Huntington’s disease (HD), test results, and pregnancy outcomes in the
Netherlandshetween1998and 2008andto comparethem with availabledata
from the period 19870997.

A total of 126 couplesunderwent prenatal diagnosis(PND)on 216 foetuses:
185 (86%)direct tests and 31 (14%)exclusiontests. In 9% of direct tests the
risk for the foetus was 25%. Four at risk parents (4%) carried intermediate
alleles.Ninety pne foetuseshad CAGexpansions 36 or 50%risk haplotypes:
75 (82%) were terminated for HD, 12 (13%) were carried to term, four
pregnanciesvere miscarried terminatedfor other reasonsor lost to follow up.
Unaffectedpregnancieq122 foetuses),resulted in the birth of 112 children.
Theestimateduptake of PNDwas22%of CAGexpansiorcarriers( 136 repeats)
at reproductiveage.

PNDwasusedby two new subgroupscarriersof intermediatealleles,and 50%

at risk personsopting for a direct prenatal test of the foetus. A significant

numberof HDexpansioror 50%risk pregnanciesvere continued.Speculations
were made on causativefactors contributing to these continuations.Further

researchon thesecouples’'motivesis needed.
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Introduction

Huntington’s disease(HD) is an incurable, autosomal dominantly inherited,

neurodegenerativedisorder. The disease is characterized by progressive
chorea, cognitive impairment and psychiatric disturbances Onset of

symptomsis usuallybetweenthe agesof 35 and 44 years,and life expectancy
at diagnosigs around20years.TheHDgenewaslocalisedon chromosomet in

1983, enablingpredictive linkage testing within families. A decadelater the

HD causinggeneticdefect, an expandedtrinucleotide (CAGYepeatin the HTT
gene, was discovered, creating the possibility of performing individual
presymptomatictesting (PT)in personsat risk. A CAGrepeat sizeof up to 26

trinucleotidesis consideredto be normal. Intermediate allelesrange from 27

to 35repeatsandare generallynot associatedvith HDsymptoms but the CAG
repeatcanincreassf the alleleis transmittedto offspring.Alleleswith 36to 39

CAGrepeats are associatedwith a reduced penetrance and alleles with a

repeatsize #Dareinvariablyassociatedvith HD.

Preventing transmissionof HD to offspring can be facilitated by prenatal
testing (PND)of foetal DNA obtained through chorionic villus sampling or
amniocentesis.The most frequently applied method is direct testing of the
repeatsizewith a view of terminatingthe pregnancyif the foetus showsa CAG
repeatsizeassociatedvith HD (>35repeats).If the at risk parentprefersnot to
havehis/her HD expansionstatusdefined, exclusiontesting canbe performed
by linkageanalysis.The presenceof one of the chromosome4 haplotypesof
the affected grandparentin the foetus is associatedwith a 50% risk of
developingHD,equalto the at risk parent’. If the foetus carriesthis socalled
‘60%risk haplotype’the pregnancyis expectedto be terminated. If, on the
other hand,a coupleobjectsto terminatinga 50%risk pregnancyan exclusionr
definitive test maybe usedto determinethe actualHDstatusof the foetusand
at risk parenf. PreimplantationgeneticdiagnosiSPGD)nay be an alternative
for coupleswho are reluctantto terminate the pregnancy(TOPYor late onset
disorderssuchasHD or a 50%HDrisk. By selectinglVFembryoswithout the
CAGrepeatexpansionor the 50%risk haplotype(exclusionPGD)transmission
of HDto offspringcanbe avoided ®.

This study aims to evaluatethe number of prenatal tests, test results, and
pregnancyoutcomesin relation to repeat size of the at risk parent in the
Netherlands between 1998 and 2008 and compare these data with the
precedingdecade.
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Materials and Methods

DNA analysisfor HD in the Netherlandsis centrally performed in the

Laboratoryfor DiagnosticGenomeAnalysisn Leiden(LDGA)Theresultsof all

prenataltestsfrom 1998to 2008were retrospectivelycollectedfrom the LDGA
and, if applicable,the date of PTand CAGrepeat size of the at risk parent.

EightDutchuniversitydepartmentsof clinicalgeneticsoffer geneticcounselling
around pre rand postnataltesting for HD. Additional clinicalinformation was
collectedin these centresin cooperationwith the clinicalgeneticistsinvolved.
These data included information on gender and age of atrisk parents,
reproductivehistory, and prenataltests during the study period, includingtest

results and pregnancy outcomes. All results were compared with those

obtainedin the Netherlandsfrom 1987to 1997.

Toestimatethe uptake of couplesapplyingfor PND ,our study populationwas
comparedwith the numberof HDcarriersof reproductiveage(arbitrarily set at
females @0 years,and males 60 years)undergoingPTin an 11 year period
startingin October1996.

Results

A total of 126 at risk couplesopted for PNDin the period 19982008. More

than half of the at risk parents(52%)were female (Tablel). Themajority, 71%
(89/126)of at risk parents,had undergonePTfor HDbeforetheir first prenatal
test. Four individualshad PT at the sametime as their first PNDwith the

intention of having their carrier status defined independently of the PND
result. Fortwo of thesecouples the first PND(and PT)had takenplaceprior to

the study period. Significantlymore femalesthan maleshad performeda PT
prior to or simultaneouslywith their first PND(83%o0f femalesversus63%of

males,p=0.01).Thirty three at risk partners(26%) preponderantlymales(M/F

ratio 22/11), preferred not to know their HDexpansioncarrier status. None of

the at riskindividualshad beendiagnosedasclinicallyaffected.

Fifteen per cent of couples(n=19) had had one or more untested children
beforetheir first PND.In most casesthe HDdiagnosisof a family memberwas
not known before the pregnancy.Thirteencoupleshad a total of 21 prenatal
testsprior to the studyperiod.

In the study period, PNDwas performedin two pregnanciesachievedby PGD
to confirm the PGDresult. The prior risk of showingHD after PGDis <195,
therefore thesePNDtestswere excludedfrom the analysis.
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Tablel. Characteristicand reproductive history of couplesundergoing
prenatal diagnosisin the period 19982008

Characteristics n=126 SD
Genderat riskpartner/carrier CAGexpansion: n (%)

Male 60 (48%)

Female 66 (52%)
At risk parentundergoingPTprior to/or at sametime asfirst PND:

Male 38(63%)

Female 55(83%)
At risk parentsnot wishingto know their HDstatus:

Male 22(37%)

Female 11 (17%)

mean(n)
Agemenat PT(if prior to first PND) 30.3(36) 4.9
Agewomenat PT(if prior to first PND) 26.3(53) 5.1
Male ageat first PND 33.0(120) 9.8
Femaleageat first PND 30.0(126) 4.5
n (couples)

Untestedchildrenprior to first PND 25(19)
Pregnanciesvith PNDprior to studyperiod 21(13)

PND prenataldiagnosisPT presymptomaticest
! Includingcouples(n=13)who hadtheir first PNDbefore 1998

Prenataltestsresultsand pregnancyoutcomes

Atotal of 216 prenataltestswere performedin 214 pregnanciesn 126 couples
(including 2 dichorionic twin pregnancies)(Table 2). Direct tests were
performedin 86%o0f PND(n=185).In the remaining14%,exclusiontestingwas
performed (n=31).For 168 direct tests (91%)the prior HD risk was 50%, 17
(9%)had a 25% prior risk for the foetus. Four at risk parents whose carrier
statuseswere defined (after exclusiondefinitive or direct PNDtesting for 25%
HD) subsequentlyused direct PND. PND in 91 foetuses showed a CAG
expansion 38 or a 50%risk allele (after exclusiontesting). The majority of
these pregnancieq82%,75/91) were terminated, two endedin spontaneous
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abortion, one was terminated for congenitalanomalies,and one was lost to
follow wp. In all, 13%(12/91) of the foetuseswith a CAGexpansionor 50%risk
allele were carriedto term. Thesecontinued pregnancieswill be describedin
more detail later. PNDhad ruled out or excludedthe transmissiorof HDin 89%
of the live born children (112/126). Two pregnanciesat 50% prior risk were
continued without obtaining the PND result. A total of 125 pregnancies
(includingone twin pregnancy)resultedin the birth of one or more liveborn
childrenin 100couples.

The intermediate allelesin 8 foetuses(Table2), were identical to the at risk
parents’ shortest CAG repeat in four cases,whereas in two casesthe
intermediate allelesoriginatedfrom the healthy spouse.On one occasionthe
intermediateallelewasidenticalto the at risk parent’'slongestallele consisting
of 28 CAGrepeats (simultaneouslytested). The origin of one intermediate
allele(27 repeats)remainsunknown,sincethe parentswere not tested.

Disclosurexf HDcarrierstatusof at riskparents

Anoverviewof all individualswith their carrier statusaswell asthe number of

prenataltestsis givenin Table3. In the group of 91 personswith a knownHD
statusat the time of their first PNDthere were 77 carriersof a full penetrance
allele (85%), 10 (11%) had a reduced penetrance allele and four (4%) an

intermediate allele. In the latter group two maleshad receivedthis ‘grey’ PT
result unexpectedly’. They were only prepared to receive a ‘positive’ or

‘negative’result’, and decidedto undergoPNDto avoidany chanceof havinga

child affectedwith HD.A third malebelongedto a familywith one documented
expansionof an intermediate allele into the full penetrance range after

paternal transmissionwhich may be associatedwith an increasedexpansion
risk for other family members.No information was availableon the female
intermediate allele carrier opting for PND. Two others had PT performed
simultaneouslywith their PND,both showing intermediate alleles. The HD
status of 27%(9/33) of at risk individualswho initially did not want to know
their status was defined as the result of one or more exclusiondefinitive or

direct PNDtests (6 were confirmed by PT).Fiveat risk individualsdirectly or

indirectly provedto carryarepeatexpansiorassociatedvith HD,while four at r
risk individualsprovedto be free of HD.One of these coupleshad previously
terminated two pregnanciesbecause of a 50% HD risk (retrospectively
unaffected)(Table3).
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Table3. Disclosureof HDstatus of all at risk parentsundergoingprenatal testing

(1998£2008)
Atrisk Gender Momentof PT PND
individuals  at risk Priorto Simultaneouso tests
parent PND or after PND
n M/F n (%) n (%) n
CAGexpansionlongest
allele)if tested: @6 2 1/1 2%(100%) 4
2785 6 3/3 43 (67%) 2(33%)
3689 12 7/5 10(83%) 2(17%) 20°
H0 80 31/49  77(96%) 3° (4%) 145
HDstatusdisclosedndirectly
HDcarrier 1 0/1 18
NoHD 2 2/0 2° 4
50%HDrisk (HDstatus
undisclosed) 23 16/7 n.a. 34
Total 126 60/66 91 12 216

HD,Huntington’sdiseasePT presymptomatidest; PND prenataldiagnosisTOP,
termination of pregnancy

[N

N

o

o

~

o

©

28

Includingindirect PTthrough direct PND ,exclusiondefinitive test, or simultaneousPTof at risk
partner

Twoat risk parentsshowedno HD expansiorafter exclusiondefinitive test. Onehad 2 TOPdor
50%risk alleles(retrospectivelyunaffected)

CAGrepeatsizeswere respectively?29, 30, and 33 repeats(at risk male)and 31 repeats(at risk
female)

Oneexclusiondefinitive test and one PTafter PNDhad shownHDin foetus
Onedichorialtwin representedtwo PNDtests

TwoparentsperformedPTafter PNDhad shownHDin the foetus, one parentopted for PTafter
havingan unaffectedchild (PNDnormal)

Onedichorialtwin representedtwo PNDtests
FullHDexpansiordetectedin PNDno confirmativePTin at risk parent

Onecoupleopted for exclusiondefinitive test confirmingno HDcarrier. Twodirect PNDtestsin
anothercouplehad shown4 different normal CAGrepeats,indirectly suggestinghe presenceof
two normalallelesin the at riskparent
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Continuedpregnanciesvith CAGexpansion Bb6 or 50%risk haplotype

Information on the 12 continued pregnancief foetusesshowingCAGrepeat
expansionsassociatedvith HDor 50%risk haplotypes,s presentedin Table4.
Theageof the at risk parentsdid not significantlydiffer from the ageat PNDof
other couples(datanot shown).Theproportion of continuedpregnanciegsee
also Table?2) varied between the different subgroups:sevenout of 71 (9.9%)
full penetrancealleles,three out of eight (37.5%)reducedpenetrancealleles
and two out of 12 50%risk alleles.No pregnancieswere terminated for an
intermediate allele. Two out of four pregnancieswith a prior risk of 25%and
CAGrepeats 86 indicating‘double bad news’were continued.In the majority
(8/10) of continued pregnancieswith CAGexpansionsthe at risk parent was
female.Sixcouplesshoweda reproductivehistorywith TOP(n=3),miscarriages
(n=3)or threatenedabortion (h=1).Twocoupleshaduntestedchildren.

AnnualPNDtestsfor HDperformedin the Netherlandsn the period 19882008

FigurelA showsthe yearlynumberof PNDtestsfrom 1988to 2008. After the
first applicationof PNDin 1989there was an increasein numbersof PNDfor
severalyears.Sincel996,the number of PNDtests hasremainedquite stable
with approximately20testsper year.

The proportion of exclusion tests has gradually decreased since the
introduction of direct testing, but the actual number of yearly intentional
exclusiontests has remainedfairly stable at 3 to 4 exclusiontests per year
(FigurelB).Before1993,when only linkagetesting was available the number
of exclusiontestsperformedwasrelativelyhigh.In four casesgxclusiontesting
wasthe only technicaloption, becausethe haplotypeswere uninformative,or
there were not enoughfamily membersavailablé. In the period from 1988to
1998,0nly 13 out of 17 couples(76%)intentionally opted for exclusiontesting
asthey did not want to know the HD expansionstatus of the at risk parent.
Takingthis overestimationinto account,we canseean evenstrongerstability
of the absolutenumberof couplesrequestingexclusiortesting.

Uptakeof PND

We estimatedthe uptake of PNDamongcarriersof an expandedrepeat. The
HD status of the 103 at risk persons(Table 3) was (directly or indirectly)
disclosedon average2.2 yearsbefore their first PNDtest (range14.41 years
before to 9.07 yearsafter PND).From this, we concludedthat the 11 year
period starting October1996wasthe closestwayto establishthe timing of PT
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in our study population. In this period 1414 presymptomatic tests were
performed,in which 962 individualswere at reproductiveage at the moment
of PTand 406 showeda CAGrepeat 36 (199 males<50yrs and 207 females
<40 yrs). Additionally, three untested individualsof reproductive age turned
out to be HD expansioncarriersafter an unfavourableoutcome of exclusionr
definitive testing or direct PND, resulting in a total of 409 HD expansion
carriers.Four out of the 93 carriersof an HD expansion 38 (Table3) were
excluded,becausethey had had PT performed abroad or had been tested
diagnostically.This leads to an estimated uptake of PND of 22% (89/409)
amongHD expansioncarriers.Theageat PTof malesand femalesnot opting
for PNDwas significantlyhigher (34.3and 29.4 respectively) comparedto the
age at PT of couples opting for PND (males 31.0 and females 27.0) (age
differences:malesp=0.02;femalesp=0.001).

FigurelA. Prenataltestsfor HDin the Netherlands(1988£2008)
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Figure 1B.Exclusiorand direct prenatal testsfor HDin the Netherlands(1988008)
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Thefigures 1A and 1B until 1997 are derived from A. Maat Kievit, et.al. 1999, completed
with the current data until 2008.1n the period up to 1997the exclusiondefinitive testswere
countedtogetherwith the exclusiorntests.
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Discussion

In the 11 yearsfrom 1998 to 2008 a total of 126 couplesunderwent 216
prenatal tests in the Netherlands.Most couplesopt for a direct test. The
proportion of couplesopting for an exclusiontest has decreasedirom about
25%in the period 19870997 to 13.5%in the current study. Theproportion of
exclusiontesting PNDvs. direct testing varied from around 30%in Australia
(1994£003), to about 10%in Belgium,29%in France,30%in Denmark,42%
in Italy and 48%in the UK (19930.998)?". In Germany,Switzerland Austria,
and Greeceno exclusiontests were performed (19934998)“%°. The absolute
number of Dutchcouplesrequestingexclusiontests over the years,evensince
the availabilityof directtesting,hasremainedquite stable.Onemight conclude
that for a subgroupof at riskindividualsthis is an attractive option. Apparently
these couples prefer the risk of terminating a non effected foetus over
disclosureof their own HD status. Themotivesof couplesopting for exclusion
testingare describedelsewheré’.

The intermediate allelesfound in 4% of direct PNDtests (8/189 including 4

exclusiondefinitive tests) may be considereda background/populatiorrisk. In

most foetuses(6/8) the origin was clearlydifferent from the HDcausingallele,
and in the remainingtwo (27 and 28 CAGrepeats respectively)it seems
unlikely that these allelesare the onescausingHD in a closerelative. In the

Western European population,the background prevalenceof intermediate
alleles(27 B5 CAGrepeats)is estimatedat around2%to 6%,

Comparedto MaatKievit et al>, two new subgroupsof PND applicants
appeared First,carriersof anintermediateallelerepresented4%of individuals
requesting PND. After receivingtheir ‘grey’ PTresult’’, the main reasonto

perform PNDwasto eradicateHD completely.To our knowledge PNDhasnot

been describedbefore for intermediate alleles.However,Decruyenaereet al.

describedone PNDtest in a woman with an equivocal repeat size (27 89
repeats)which was continued becausethe number of CAGrepeats,the exact
sizesof which were not mentioned”, was lower than 40. The chance of

intermediateallelesexpandingnto a reducedpenetrancealleleor, veryrarely,
into the full penetranceallele rangesfrom 1%to 20%of transmission&"#%.

Expansiorrisk is associatedwith a longer repeat length of the at risk parent
andmainlywith paternaltransmission.

Secondlyjndividualsat 50%HD risk opting for direct PND(25%prior risk for
the foetus) representedabout 8% of PNDapplicants. Thisgroup represented
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5% in a UK study, and 37.5%in Germany,Austria and Switzerland®*®. For
individualswho object to terminatinga 50%risk pregnancy put do acceptthe
25% chance of disclosure of their own HD status, this could be a valid
alternative’. Thismethod may alsobe appliedto savetime (comparedto the
time frame neededfor successiv®Tand PNDor exclusiondefinitive testing)if
couples do not present themselvesuntil during a pregnanc$’. The main
disadvantagas the chanceof ‘double bad news’shouldthe foetus turn out to
carry the CAG expansion,and indirectly confirms its at risk parent's HD
status”?%

The majority of CAGexpansionor 50% risk pregnancieswere terminated;
however,a substantiall3%were continuedto term. Accordingo international
guidelines,continuingan CAGexpansionor at risk pregnancyof a late onset
disorder like HD can be consideredan early form of predictive testing and
therefore violatesthe future child’sright not to know??** |n the study period
19874997, all HD positive and high risk pregnanciegn=28)were terminated.
Continuationof a pregnancywith a CAGexpansionor 50% HD risk has been
described previously***?3*2 One may speculate about the contributing
factors makingthe decisionto terminate sucha pregnancydifficult. For some
couples the ‘double bad news’ of an HD test result in a 25% prior risk
pregnancymight have complicatedthe decisionto terminate the affected
pregnancyFurthermore,a reducedpenetranceallelein a foetus mayinducea
senseof hope, despitethe disappointingtest resultsasa whole. Individualsat
risk of transmitting HD to their offspring do show a tendencyto hold on to
objectivelyrather smalllevelsof hope as part of their copingstrategy>®°. The
observationthat some couplesdo eventually continue a pregnancywith a
smallerCAGrepeatthan their own yet still a full penetranceallele supports
this idea. Therefore, if couplesare determined to eradicate HD from their
family, and if they expectdifficulties to terminate when knowing the exact
repeatlength, especiallyin a certainrange,they might prefer not to know the
exactrepeatsize.Thesecouplescanagreewith the counsellorto set a specific
cutoff CAG repeat level, above which a ‘HD carrier’ result will be
communicated. Naturally, the exact way of communicatingthe test result
should be thoroughly discussedwith each couple prior to the PNDtest. In
individualcasesthis form of non disclosureof the exact CAGrepeat sizemay
reducethe reluctanceof parentsto terminate a pregnancyAccordingo Dutch
law, though, parentsare entitled to receivetest resultsin full*. Moreover, a
reproductivehistory of miscarriage®r pregnancyterminations,aswell asthe
presenceof untested childrenwithin the samefamily, may increaseparents’
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reluctanceto terminate another pregnancy Confrontedwith an HD positiveor

50%risk result, the couple may havethe complexassociationof rejectingan

alreadyexistingchild or the at risk parentwhen opting for a termination of the

pregnancy’. Furthermore,the time transpiringbetween PNDintake and test

result may affect couples’moral judgementon the acceptabilityof TOB®, The
motivesof thesecouplesandthe long term consequencesf this unfavourable
outcomeatfter PNDwill be the subjectof future study.

Comparedo the period studiedby Maat et al.(198704.9977, the numberof 92
prenatal tests in the Netherlandshas more than doubled to 216. A similar
twofold increase(11to 22%)wasobservedin the approximateduptake of PND
by HDexpansiorcarriers. We assumethat the uptakeestimatein the study of
Maat Kievitet al. showedan underestimationof the actualuptake of PNDdue
to the reported time lapse of 19 months between PT and first PND,as was
reflectedin the bar chartsof presymptomatidest applicantsand prenataltests
in the Netherlands(19871997§%. The uptake of PNDamong PT applicants
with reproductivemotives,in our study andin the previousstudy period, may
be evenhigher;howeverthesemotiveswere not centrallycollected.

SincePGDcan be regardedas an alternativeto PND,it is interestingto note
that after the introduction of PGDfor HDin the Netherlandsn 1999,the useof
PNDin terms of absolutefiguresdid not decliné’®. Bycontrast,in FrancePNDis
onlyrarelyperformedafter the introduction of PG.

The uptake of PNDby HD expansioncarriersin the Netherlandsis relatively
high comparedwith France,Canadathe USA Germany,Austria, Switzerland,
GreeceAustralia,and Northern ireland***4162"4%3 pyt is roughlycomparable
with the UK, SouthAfrica(JohannesburgBelgium and Denmark?*4?** Since
2010, PNDfor HD has been prohibited in Germany;prenatal testing and

termination of a pregnancy for HD are considered a form of genetic
discriminationbecauseof the late onsetof HD*. In our study the motivesfor

performinga PTwere not registeredsystematicallytherefore we assumethat

the actualuptakeamongindividualswith reproductivemotivesfor PTwill most

probably be higher. Additional support for this idea is presentedin another
paper on the uptake of PNDand PGDin the Netherlandé’. Difficulties in

calculatingthe absolute uptake of PT with respectto the at 50% HDrisk

population complicatean accuratecalculationand comparisonof the uptake
betweenthesepopulationd®“®
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Implicationsfor goodpractice

Reproductive counselling issues should be discussed according to the
international guideline$®. Parentsopting for PNDshould be aware that they
are expectedto terminate a pregnancyshouldthe foetus show a CAGrepeat
expansionassociatedvith HD. Sequentialuse of PNDdoes not imply a moral
obligation to use PNDin future pregnancies.The willingnessand ability of
couplesto undergo (another) pregnancytermination should be discussedn
everysinglePNDintake. Hesitation,at any time during the procedure,should
be taken seriously.Couplesshouldbe giventhe opportunity to withdraw from
PNDat anytime, preferablybefore performingchorionicvillus sampling,or at
the latestbeforereceivingthe PNDresult.

In some casesnon disclosureof the exact CAGrepeat size may reduce the
reluctance of parents to terminate an affected pregnancy;this should be
discussedprior to PND.Alternative reproductive options suchas PGDshould
be consideredduringreproductivecounselling.

Conclusion

The use of PNDfor Huntington’sdiseasein the Netherlandsfor both direct
testing and exclusionhasremainedreasonablystableover the years.PNDwas
used by two new subgroups:carriers of intermediate alleles, and couples
opting for direct testing for a 25% HD risk for the foetus. A considerable
number of affected or atrisk pregnancieswere continued, for which we
identified some contributing factors. Couples'willingnessto undergo TOPon
account of HD should be explored thoroughly prior to and during the PND
procedure.
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Abstract

Thisstudy providesan overviewof 13 yearsof experienceof preimplantation
geneticdiagnosisPGD)or Huntington’'sdisease(HD)at three EuropeanPGD
centresin BrusselsMaastricht and Strasbourg.Information on all 331 PGD
intakesfor HD,couples’'reproductivehistory, PGDapproach treatment cycles
and outcomesbetween 1995 and 2008 were collected prospectively.Of 331
couplesfor intake, 68% requested direct testing and 32% exclusiontesting

(with a preponderanceof Frenchcouples).At the time of PGDintake, 39%of

women had experiencedone or more pregnancies.A history of pregnancy
termination after prenatal diagnosiswas observed more frequently in the

direct testing group (25%)than in the exclusiongroup (10%;P=0.0027)PGD
workup was basedon two approaches:(1) direct testing of the CAGtriplet

repeat and (2) linkage analysisusing intragenic or flanking microsatellite
markersof the HTTgene. In total, 257 coupleshad started workup and 174
couples(70%direct testing, 30%exclusiontesting) completedat leastone PGD
cycle.In total, 389 cyclescontinuedto oocyteretrieval (OR).Thedeliveryrates
per ORwere 19.8%,and per embryotransfer 24.8%resultingin 77 deliveries
and the birth of 90 children. We concludethat PGDis a valuableand safe
reproductiveoption for HDcarriersand couplesat risk of transmittingHD.
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Introduction

Huntington’sdisease(HD; MIM: 143100)is a progressiveneurodegenerative
disorder seriouslyaffecting the quality of life of patients and their families.

Clinical signs are progressivemotor disability featuring chorea, as well as

mental disturbancessuch as cognitive decline, changesin personality and

depression. Themeanageof onsetis 35 to 44 yearsand the mediansurvival

time is 15 to 18 years after onset®. In populations of western European
descentthe prevalencevariesbetween5 and 10 per 100,006,

Thediseasecausingmutation is an expandedCAGrepeat sequencein exon 1
of the HTT gene (ref. seq NM002111.6) on chromosome 4 (4p16.3),
transmitted as an autosomaldominanttrait®. HDis fully penetrantin patients
having 4Bl CAGrepeats; 36—39 CAGrepeats are associatedwith reduced
penetrance, whereas 27-35 repeats are within the intermediate range.
Intermediate repeats are not penetrant, but may lead to expansion if
transmittedto offspring.

Reproductiveoptions for gene carriers or at risk personsinclude prenatal
diagnosigPND)and preimplantationgeneticdiagnosisPGD)®. For confirmed
carriers, PGDcan provide direct testing of embryos obtained after in vitro
fertilisation (IVF)via anintracytoplasmicsperminjection (ICSI) The CAGrepeat
lengthistestedin one or two blastomeresrom eachembryo,and, if available,
oneor two unaffectedembryosare selectivelytransferredinto the uterus’.

At risk personswho preferto be uninformedabouttheir HDcarrier status,and
do not wish to undergo presymptomatictesting, can be offered exclusion
testing either by PNDor PGD.The exclusiontest is basedon identifying the

grandparentaborigin of the two HTTalleleS. If one of the two allelesfrom the

affectedgrandparentis found in the foetus after exclusionPND a termination

of pregnancy(TOP)s offered, althoughthe foetus only hasa 50%risk of being
a carrierof the CAGexpansionln exclusionPGD pnly embryoswith one of the

two HTTallelesfrom the non affected grandparentare transferred. Both the

availabilityand cooperationof family membersin providinga samplefor PGD
workupis necessaryor exclusiortesting. An alternativemethod for thosewho

do not want to know their carrier statusis non disclosurePGDB°. Embryosare
analyseddirectly for a CAGrepeat, without any details of PGDresults being
revealedto patients. Only embryoswithout an expansionare transferred™.

NondisclosurePGDremainscontroversialand hasbeenrejectedby manyPGD
centres®1%13
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The PGDcentres in Brussels(Belgium), Maastricht (The Netherlands)and
Strasbourg (France) offer PGD for HD. We provide an overview of our
experienceof PGDfor HDbetween1995and 2008.

Our aims are as follows: 1) to provide a comparative overview of PGD
approachesand technicalworkup in the three centres,2) to study differences
in the populationswho apply for PGDand their reproductive histories, 3) to

compare PGDresultsin the three centres,as well asto comparethem with

literature data.

Patientsand Methods

Thedata on all intakes,cyclesand outcomesof PGDtreatment for HDin the
PGDcentresin BrusselsMaastrichtand Strasbourgfrom 1995to 2008 were
prospectivelycollected.

Patientsand counselling

A total of 331 couplesobtained genetic and reproductive counsellingby a
clinical geneticist before being referred for PGD. The PGD intakes were
performed by a clinical geneticist,a gynaecologistand/or a PGDco worker
either at the outpatient clinic (Brussels, Maastricht) or by telephone
(Strasbourg) Coupleswere provided with verbal and written information on
IVF and ICSl,the singlecell diagnosticprocedure,the successrates of the
IVF/PGOreatment and the smallrisk of misdiagnosi§"*>. Theadvantagesand
disadvantagesof PGDin comparisonwith relevant alternative reproduction
options were discussedInformed consentwas given by both partnersbefore
treatment. The reproductive history concerningfertility problems, previous
pregnancieswith or without PND and/or TOP,and the number of living
children were noted. Coupleshad to be suitable candidatesfor IVF/PGD
accordingto the EuropeanSocietyof Human Reproductionand Embryology
(ESHRBVFand PGDguidelined®”. Reasondor being rejected by the PGD
centrewere recorded,aswell asreasondor couplesrefrainingfrom PGDf this
information was available.If symptomsof HD were observedduring intake
(Brusselr Maastricht),a neurologistand a psychologistvere consulted,and
the PGDrequestwas evaluatedby the local PGDteam and occasionallythe
ethics committee. In general, it is consideredthat assistedreproduction
technologyinvolvessharedresponsibilityfor parental caregiversand healthr
careprovidersin respectof a prospectivechild. If a coupledoesnot seemto be
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able to provide a stable environmentin which the child will grow up, the
couplecanbe rejectedfor PGD.

PGDworkup

The PCRsinglecell protocols applied in this study are based on two
approaches:1) direct testing of the (CAG)ntriplet repeat, and 2) linkage
analysisusing one or more intragenic or flanking microsatellite markers, in
additionto the direct approachor for exclusiortesting (Table1)°®.

Tablel. Strategiesin usefor PGDfor Huntington’sdiseasein BruMaStraPGD
centres

Brussels Maastricht Strasbourg
Directtesting (CAG)n (CAG)n (CAG)n+D4S127+
or (CAG)r+IVS1CA D4S412+IVS1CA
Directtesting(if ~ (CAG)nIVS1CA D4S1614+D4S127+ (CAG)n+D4S127+
not informative D4S3034+D4S412  DA4S412+IVS1CA
for (CAG)n)
Exclusiortesting IVS1CA D4S127 D4S1614+D4S127+ D4S3038+D4S1614+
D4S3034+D4S412  D4S127+IVS1CA
+D4S3034+D4S412
Alkalinelysis 50mMDTT200mM 50mMDTT200mM  50mMDTT200mM
Buffer (ALB) NaOH NaOH KOH
or 50mMDTT200mM
KOH
Freezingost B0 min-20°C 30min-20°C H 3®min-20°C
tubing
Decontamination UV(Cand/or restriction UV Cand/or uve
enzyme restrictionenzyme
Polymerase TaqPolymerase Expand™ong Qiagen®ultiplex
(PerkinElmer): (CAG)n TemplatePCRsystem PCRKIT(Qiagen)
(RocheDiagnostics)
(CAG)n
Expand™.ong Expand™High
TemplatePCRsystem  FidelityPCRsystem
(RocheDiagnostics) (RocheDiagnostics):
duplex linkage
Splitfor Yes No No
multiplexPCR
GeneticAnalyser ALF ABI377 ABI3100
ABI3100 ABI3100
ABI3730
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Ovarianstimulationand oocyteretrieval

Controlled ovarian hyperstimulation was carried out in a GnRHagonist or
antagonistprotocol. PGDtreatment requiresa higher minimum follicle count
for oocyte retrieval (OR) than regular IVF treatment, as relatively more
embryosare ‘lost’ duringthe PGDprocure (rejectedfor beingaffected/at risk).
The minimum follicle count for OR was four for Maastricht and six for
Strasbourgln Brusselsthe preferred minimum follicle count for ORwasnine,
the exactnumber,however,beingestablishecbn anindividualbasis®,

ICShndembryobiopsyprocedure

IVF with ICSlwas carried out as described previously®. After careful

assessmenbf the embryos’development,blastomerebiopsywas carried out

on day 3. Dependingon the total number of embryonic cells and the PGD
approach,one or two blastomeresvere removedby makinga hole in the zona
pellucidawith a streamof acid Tyrode’ssolutionor with alasef°%%

PGDapproach

Singlecell testing methodswere very similarin the three PGDcentres(Table
1). After biopsy, blastomereswere washedand tubed in alkalinelysis buffer
with KOHor NaOHand maintainedat —20 or —80°Cfor at least30 min. A blank
control was made for each blastomere,as recommendedby the PGDbest
practice guidelinesat the time®’. Sampleswere lysed at 65°C for 10 min,
before the addition of PCRreaction components.Initially, PCReactionswere
basedon simplexPCRLater,multiplex fluorescentPCRvasintroduced, which
allowedsimultaneousamplificationof two to sixloci.

Embryatransfer,pregnancyoutcomeand children

Oneor two unaffectedembryoswere transferredinto the uteruson days3 to
5 postinsemination.Theage of the woman, number of unsuccessfuprevious
attempts and embryo quality determined the number of embryosto be
transferred. For Belgian patients, the reimbursement policy of July 2003
required a selective singleembryo transfer in patients aged 365years.
Supernumerary unaffected embryos of good morphology were cryoprer
served®. Biochemicapregnancywasconfirmedwhen serumor urine betahCG
concentrationsshowed an increaseat least 10 days after transfer. Clinical
pregnancywas recorded when a gestationalsac was seenon ultrasound at
least 4 weeks after embryo transfer. Ongoing pregnancywas registered if
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ultrasoundshoweda foetal heartbeatat 12 weeksof gestationalage.Lossof
afetusor gestationalsac 20 weekswasrecordedasa miscarriagé®.

Theoption of a control PNDby CVSor amniocentesisvasoffered to pregnant
women. Data on children born were collected through questionnaires
addressedo the parentsand their gynaecologistsln Brusselsgchildren were

examinedwheneverpossibleby a trained paediatriciar®.

Legalaspects

PGDfor HD basedon direct testingis allowedin all three centres.In Belgium,
PGDpractice has been regulatedby law since2007°. Direct testing was first

appliedin 1997 Exclusiortesting hasbeen offered since2000,whereasnon r
disclosurePGDwas rejected after thorough discussiof In the Netherlands,
PGDfor direct HDtesting hasbeenallowed since1998,following the directive
relatingto similarindicationsfor PNDand PGD Thefirst HDtest wasappliedin

1999.1n 2002,an embryolaw wasintroduced,whichwassimilarto the onein

Belgium.AlthoughHDexclusiontestingremainsacceptedin PND HDexclusion
testingand HDnon disclosuretestinghasbeenexcludedfor PGDsince20062’.

TheMaastrichtPGDcentreis the only certified PGDcentrein the Netherlands.
In France specificPGDlegislationwasintroducedin 2000, defining PGDas an
ultraprecociousform of PND.Initially, exclusionPGDwas not permitted until

the law wasrevisedin 2004.PGDcanonly be practisedin centreslicensedby
the Agencede Biomedecine.Similarto PGDrequests,PNDrequestsfor HD
have to be presented to a local multidisciplinary commission. However,
exclusion PND for HD is exceptional, as most local multidisciplinary
commissionsdo not accept TOPof at risk foetusesand consider PGDas a
better solution. SinceexclusionPGDhasbeenintroduced,exclusionPNDis no

longerofferedin France.

Reimbursemendf PGD

In Belgium PGDcostsfor Belgiancouplesare coveredby their healthinsurance
for sixcycles providedembryotransferrules are respected.The Dutch health

insurancecompaniescover three IVF/PGDcycles.In France,the cost of four

IVF/PGLryclesresultingin embryotransferare coveredby the nationalhealth

system.
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Statisticalanalyses

The differencesbetweenthe centresrelating to frequencieswithin the study
populations were calculatedusing a ?test. The mean age of woman at
treatmentwascomparedwith ANOVA.

Results

Patientsand counselling

In total, 331 coupleshad a PGDintake at one of the three centres(Table2);
68% of couples (225/331) requested direct testing and 32% (106/331)
requestedexclusionPGD.In Strasbourgsignificantlymore couplesaskedfor
exclusion testing compared with Brussels(direct vs exclusion 49:51% for
Strasbourg and 67:33% for Brussels; difference between these centres
P=0.0065).In Brusselsy1 of 116 intakeswere Belgiancouples,the remaining
were couplesfrom abroad, mainly from Germany.In Maastricht, all couples
were Dutch.In Strasbourgthe vastmajority of the coupleswere French.

Themale:femaleratio of CAGexpansioncarriers/atrisk personsfor the three
centreswas1:1.03(111:114)or direct testing,and 1:0.89(56:50)for exclusion
testing, showing no significant skewing. In the direct testing group, 8.6%
(15/174) of CAGexpansioncarriershad an allele with a reducedpenetrance.
The mean age of woman at intake was 29.64 years. No significant age
difference was seenbetween the centresand between direct and exclusion
testing(datanot shown).

Reproductivénistory

Fertility problemsnecessitatingVF/ICSwere reported in 12%(40/331) of the
couples(Table?2). Of the total number of intakes, 39%(129/331) of women
had IHpreviouspregnancyand 21% (68/331) had experienced HTOPafter
PND for HD. Significantly more women in the direct testing group had
experienced TOP (25%, 57/225) compared with the exclusiongroup (10%
(11/106);P=0.0027).

For the exclusion group, more couplesin Brussels(53%, 20/38) than in
Strasbourd22%,13/59) had had at leastone previouspregnancy(P=0.007).In
Brussels21% (8/38) of the coupleshad a history of IHTOPafter exclusion
PND whereasin Strasbourghere wasonly one TOPafter PNDin the exclusion
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group (P=0.0045).In Strasbourg,eight couples had a TOP without PND
comparedwith onein Maastrichtandonein Brussels.

A total of 18%(60/331) of the coupleshad at leastone living child. Relatively
more couplesin the direct testing (21%,47/225) had offspring than in the

exclusiongroup (12%,13/106) (P=0.08).In 45%(29/65) of these children, the

risk of HD was excludedby direct testing (52%,26/50) or exclusiontesting

(20%,3/15). However the differenceswere not significant(P=0.059).

HD was excludedby PNDor PGDin 65% (15/23) of previous children from
couplesin Brussels50% (10/20) in Maastrichtand 18%(4/22) in Strasbourg
(P=0.0055 differencebetweenthree centres).One of the couplesreferred for
PGDin Maastricht had continued an affected pregnancy.In 17 out of 35
untestedchildren,the (family)risk of HDwasnot yet known at the time of the
pregnancy(Table2).

Genetiovorkupand outcomesafter PGDintake

Couples’geneticworkup and outcomesafter intake are shownin Table3. For
78%(257/331)of the couples,geneticworkup was started: 81%(183/225)for
direct testingand 70%(74/106)for exclusiontesting. In Brussels95%(82/86)
of the couplescontinuedto at least one PGDcycle after successfuenetic
workup, in Maastricht this was 52% (43/82) and in Strasbourg55% (49/89).
After the closure of data collection (end 2008), in BrusselsMaastricht and
Strasbourgrespectively 5%, 7% and 28%of the coupleswere about to start
their first cycle.

After intake, 9% (29/331) of the coupleswere rejected by the PGDcentre, for

examplebecausehey were consideredunsuitablefor IVF(3%).In the majority
of these,an anticipatedreducedovarianresponsewasindicatedby high basal
levelsof follicular stimulatinghormones.Other coupleswere rejectedowingto

PGDrelated technical obstacles(3%).In Maastricht, relatively more couples
(16%, 16/100) were rejected compared with Brussels(3.4%, 4/116) and
Strasbourg8%,9/115). A total of 18%(61/331)of couplesrefrainedfrom PGD
early or later after intake. Of the latter, onethird (19/61) refrained after

achievinga spontaneouspregnancyin the meantime. Nearly 10% of the

couples (32/331) were lost to follow up. A substantial proportion of the

couplesrefraining,lost to follow up, or rejected,did completegeneticworkup
(52%,48/93).
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PGDcycles

An overview of all cyclesper centre is shown in Table4. The mean age of
women at the start of the first cyclewas31.3years.Overall,53%(174/331)of
couplesfor intake were treated (122 for direct testing and 52 for exclusion
testing),434 cycleswere started and 389 cyclescontinuedto OR.Thisresulted
in 2.5 cyclesto ORper couplein Brusselg202/82),2.0 cyclesto ORper couple
(86/43) in Maastrichtand 2.1 (101/49) in Strasbourg.The mean number of
oocytesretrieved per cycleto ORwas 15.01in Brussels10.82in Maastricht
and 12.42in Strasbourgwhich showsa significantincreasein the number of
oocytesper cyclein Brusselzomparedwith the other two centres(P<0.0001).
Asin the caseof the numberof oocytesper cycle,the numberof inseminated,
fertilised and biopsiedembryosshowsignificantdifferencesaswell (P<0.0001).

Overall,a meanof 11.1 oocytesper ORwere inseminated(4318/389)and 8.1
oocytes per cycle to ORwere successfullyfertilised (3133/389). The mean
number of biopsiedembryosper cycleto ORwas 5.9 (2277/389).The mean
numberof embryostransferredper cyclewas1.6(511/310).Themeannumber
of embryosper ETfor eachcentre showsthe oppositeeffect: 1.56in Brussels,
1.77in Maastrichtand 1.72in Strasbourgsignificantlylessembryosper ETin
Brusselomparedwith Maastrichtand StrasbourgP=0.0048).

Pregnancyutcomeandchildren

In total, 105 positive hCGtests occurred (84 women), resultingin 84 clinical
pregnancies.Of the latter, five were lost in the first trimester. Detailed
information on pregnanciesand babiesper centre are listed in Tables5 and 6.

A summaryof cycles,pregnanciesand babiesis shownin Table7. Theclinical
pregnancyrate was21.6%per cycleto ORand 27.1%per transfer. Thedelivery
rates per ORwere 19.8%,and per embryotransfer 24.8%.Theoveralldelivery
rate ( K delivery) of couplesstarting IHPGDcyclewas 37.4%(65/174). The
pregnancyand deliveryratesat the three centresdid not showany significant
differences.The 77 deliveries(65 couples)resultedin the birth of 90 children
(65 singletons,11 pairs of twins and one set of triplets). PNDto confirm PGD
results was performed more frequently in Brussels(41%, 19/46 of clinical
pregnanciesj)hanin Maastricht(10%,2/21) and Strasbourg0%).
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PGDuptake

Toget animpressionof the uptake of PGDin the three countries,the couples
for PGDintake can be comparedwith the population at risk for HD?® at a
reproductiveage(Table8). Accordingto the literature, the prevalenceof HDis
similarin the three countries(7.5 per 100,000)**. The populationwith a 50%
risk of beingan HD carrier was calculatedaccordingto Conneall?: five times
the prevalenceof HD.Thereproductiveagegroup of at risk (presymptomatic)
personswasestimatedto be half the total at risk population,sincethe average
age of onsetis 30—40yearsand the reproductiveage starts around 15 to 20
years.Over a period of 10 years,the uptake of PGDfor HD in Belgiumwas
1.70%n the Netherlandghe uptakewas1.16%andin France0.74%.

Discussion

With an overall delivery rate of 37.4%,we concludethat PGDhas becomea
successfuteproductiveoption for couplesat risk of transmittingHD.

PGDoutcome

Thesuccessates of the three PGDcentresare similarand matchinternational
data on pregnancyrates in PGD®'"*®2 The mean age of woman at the
beginningof the first cycle (31.3 years),as well as the delivery rates per OR
(19.8%) and per ET(24.8%) are similarto those for PGDfor HDreportedin the
ESHREGDdata collectionX (meanageof woman: 32.0years;deliveryrate per
OR:19.8%and per ET:23.6%3°. Theincreasednumber of oocytesper cyclein
Brusselscompensatedfor the reducednumber of embryosper ETin Brussels
(singleETlaw since2003),anddid not resultin anincreasedoregnancyrate.

Sofar, no misdiagnosihasbeenreported. However,we realisethat the choice
of PGDto avoid TOP the late onset of HD and the limited risk of misdiagnosis
haveled to a low uptake of control PND(21 tests/84 clinical PGDpregnancies)
with a predominanceof Belgian couples*!> We presume that counselling
differencesmay have contributed to the different numbersof control PNDin
the three centres. Moreover, presymptomatictesting for HD in newborns or
older childrenis not recommendedby the EuropeanSocietyof HumanGenetics
(ESHGY. In consequencethe chancesof tracing a misdiagnosisafter PGDfor
HDwithin two or three decadeswill be verylimited*.
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Reproductivénistory

In Strasbourgsignificantlymore couples(51%)opted for exclusionPGDthanin

Brussels(33%;P=0.0065).In Australia,the proportion of exclusionPGDwas
33%, which is comparableto Brussel¥*2 One might speculatethat the

increasednterestin exclusionPGDin Franceis dueto the relativelylow uptake
of presymptomatictesting for HD in Francecomparedwith Belgiumand the

Netherland$*. Theposition of the FrenchHuntington Associationsn favour of

exclusiontesting, coupledwith counsellingdifferences,may contribute to this

difference. Another explanationmight be that, sincethe first application of

exclusion PGD, exclusion PND was no longer offered in France (personal
communication,Moutou). Thereluctanceof couplesto face PNDand TOP as
well asthe reluctanceof care providersto offer (exclusion)PNDfor HD, may
alsobe areasonfor this reduction.A remarkablefindingwasthat in Strasbourg
there were eight coupleswho had a TOPwithout PND,comparedwith one in

Maastrichtandonein BrusselsThereproductivehistoriesof couplesopting for

PGDexclusiontesting showed relatively fewer pregnanciesand significantly
fewer pregnancyterminations after PND(P=0.0027)comparedwith couples
opting for PGDwith direct testing. We conclude that couples opting for

exclusiontesting are more likely to choosePGD ,whereascouplesopting for

direct testing more frequently choose PGDafter a history of TOP.This may
supportthe view that prenatal exclusiontesting with subsequentTOPis even
moredifficult for at risk couplesthan PNDwith subsequeniTOFfor definite HD
carriers.After exclusionPND 50%of the terminated pregnanciewill in fact be

unaffected,whereasafter direct PNDall terminated pregnancieswill be truly

affected.

Our study showsan exact50:50 male:femaleratio (n=331)with respectto the
HD carriersor at risk personsat PGDintake. Thisratio is somewhatdifferent
from the 40:60 (male:female) ratio reported for couples opting for
presymptomatictesting®®%; and to the 40:60 distribution amongthe couples
opting for PND*3¢4%41 Whether these differencesare true or biased,perhaps
becauseof smallsamplesizesremainsto be elucidated.

PGDapproach

During the period covered by this study, PGD proceduresfor each centre
evolvedfrom simplexPCHRor the CAGrepeatlength to multiplex PCRn which
severalmicrosatellitemarkersflankingthe HTTgeneare combinedaloneor with
the CAGrepeat. With the increasinghumberof markersapplied,the chancesof
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couplesbeingunsuitablefor PGDbecauseof non informativity have decreased
overthe years”. In addition, this combinedapproachimprovesthe reliability of
the proposedtests.

Thenumber of couplesrejectedafter PGDcounsellings significantlyhigherin

Maastricht (16%) than in Brussels(3.4%)and Strasbourg(8%), even after

subtracting the exclusion PGD requests in Maastricht (12%, 11/91). One
causativedifference is that before the introduction of marker testing, halfr
informative coupleswere rejectedin Maastricht,whereasthey were treated in

Brusselsln StrasbourgPGDwas combinedwith linkageanalysedor all halfr
informative couplesfrom the beginning.Maastrichtintroducedmarkertesting
for HD 2 yearslater (2006)than Brusselsand Strasbourg(2004%°. Moreover,
the inclusion criteria for IVFin Maastricht are stricter than in Brusselsand
Strasbourg.A considerableproportion of couples(18%)refrained from PGD
after intake, and 10%of the coupleswere lost to follow up after intake. The
relatively high number of coupleslost to follow up in Francecould be because
of the distancesthe coupleshadto travel to the PGDcentrein Strasbourgas
well asbecauseof the longdelaysbetweenintakeand PGD.

Uptake

Francehad a lower uptake of PNDbetween 1993 and 1998 (0.12 PND per
million) comparedwith other Europearcountriesstudied(Belgium2.9 PNDper
million, The Netherlands5.7 PNDper million)**. Calculatingthe PGDuptake,
we usedthe 1:5 (HDprevalence:50%iDrisk)ratio proposedby Conneally®. As
the PGDpopulation consistsof both couplesat a 50% risk and confirmed
presymptomatic carriers, we did not correct for the presymptomatic HD
carriersasrecentlyproposed?. The10 yearuptakeof PGDfor HDin Belgiumin
the at risk populationin the reproductiveagewas 1.7%,in the Netherlandsit
was1.16%andin France0.74%.n the first few yearsafter the implementation
of PGDthe yearlydata showedsomefluctuation, but after a gradualincrease
the yearly implementation of PGDis now showing more stability. If we
considerthe proportion of exclusiontesting in Brusselsand the proportion in
Strasbourgthe uptake of direct testingin Brusselsand the Netherlandsshows
greatsimilarity.In addition, the uptake of exclusionPGDin Franceand Belgium
seemsquite similar. The limitations of our uptake calculationsare the limited
period of study and the time lapse between the intake of PGDcouplesand
their first cycle, makingit difficult to define the right period. Furthermore,
many refrainingcouplesare still of reproductiveageand might still reconsider
starting PGD.In a previous study on heterogeneousPGD candidates,we
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observedthat 5%of the couplesactuallystarting PGDhad refrainedfrom PGD
previously®. Fora more accuratecalculationof the PGDuptakein the future, a
longerperiod shouldbe studied,excludingthe first yearsof implementationof
PGD.

Conclusion

We concludethat in the pasttwo decadesPGDhas becomean appropriate
reproductive option for couplesat risk of transmitting HD. For the relatively
large number of at risk personswho decideto remain uninformedabout their
own carrier status, exclusionPND or exclusionPGDare options leading to
biological offspring free from HD. The availability of exclusion PGD for
countrieswhere it is not yet permitted hasto be reconsideredasit is clear
that this proceduresuppliesa need. Finally,the importanceof proper genetic
and reproductivecounsellingfor all couplesconsidering®NDor PGDshouldbe
emphasised.
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Abstract

We aimed to study reproductive behaviour of couplesopting for prenatal
diagnosigPND)and preimplantationgeneticdiagnosigPGD)or Huntington’s
disease(HD).In the NetherlandsexclusionPNDis availablefor personsat 50%
risk,whereasexclusionPGDis not allowed.

All 162 coupleswho underwent PNDor PGDfor HD between 1998 and 2008
and referrals for exclusion PGD to Belgium were included. Couples’
reproductiveinformation wascollecteduntil December2010.

132 couples(81.5%)underwent PNDin 262 pregnanciesbh4 (33.3%)started
PGD, 25 used both. 16% of PNDcouples used exclusionPND, 6% used
exclusionPGD. Outcome: 76.5% of PND couples delivered 1 Hinaffected
child(ren) after PND,and 44.4%of PGDcouplesdelivered IHPGDchild(ren)
(mean2.5 cycles/couple)Couplesopting for PGDsecondarily(after a previous
pregnancy),had more frequently terminated a pregnancyfor HD (87.0%),
comparedwith couplessecondarilyopting for PND(55.2%)(p=0.015).At risk
or HDexpansioncarrier maleswere underrepresentedn the group of couples
primarily opting for PGD(25%),and overrepresentedin the secondaryPGD
group(64%).

We conclude that couples reconsider their choicesin every subsequent
pregnancybasedon their previousexperience personalbeliefsandthe gender
of the at riskpartner.
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Introduction

Huntington’s disease (HD) is a severe progressive autosomal dominant
neurodegenerative disorder characterized by chorea and hypokinesia,
dementia,and psychiatricdisorders. Currently there is no curativetreatment

availablé>. Themeanageat onsetis between 35 and 44 years. The median
duration of illnessis 17 years.HDis causedby an expandedCAGrepeatin the

HTTgeneon chromosome4 (4p16.3§. Up to 26 CAGrepeatsare considered
normal, 27 B85 repeatsare within the intermediaterange, 36 89 CAGrepeats
are associatedwvith reducedpenetrance whereasfull penetranceis observed
from 40repeatsonwards.

Sincethe introduction of directtestingfor HDin 1993,an estimated24%of at r
risk personsin the Netherlandsopted for a presymptomatictest (PT§".
Reproductivedecisionsare amongthe most frequently mentionedreasonsfor
performingP 2.

HD expansioncarriersmay want to avoid transmissionof the diseaseto their
offspring. They have various reproductive options, such as a spontaneous
pregnancywith prenatal diagnosiPND)and termination of pregnancy(TOP)
in case of a foetus with the CAGexpansion,or preimplantation genetic
diagnosis(PGDY’. In PGDone or two blastomeresof eachembryo, obtained
by IVF, are biopsied and analysedfor the presenceof the CAGexpansion,
and/or the presenceof geneticallylinked markers associatedwith the CAG
expansion'®.

Forindividualswith 50%HDrisk, who do not want to know their own status,
exclusiontestingusingPNDor PGDis a possibility.Linkedmarkersare usedto

establishthe origin of the HTTallele presentin the foetus ***2 The detection
of an HTTallele from the affected grandparentis associatedwith a 50%HD
risk, identical to the atrisk parent. In this case the pregnancywill be
terminated or the PGDembryowill be discardedn the Netherlandsexclusion
PND (ePND)is applied since 198%. However, exclusion PGD (ePGD)is
prohibited for the following reasons:roughly half of the couplesat risk will

‘unnecessarily’ undergo an invasive IVF/PGD treatment and discarding
embryoswith a 50%risk of not being an HD expansioncarrier is considered
unethicat**.

Thisretrospectivecohort study surveysthe complete reproductivebehaviour
of a cohort of all HDexpansiorcarriersand at risk personsopting for PNDand
PGDin the Netherlandsfrom 1998to 2008. The efficacyof PNDand PGDis
illustrated by comparingthe cumulative outcomesof PNDand PGDand the
uptakewasestimated.
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Materials and methods
Organisatiorof PNDand PGDn the Netherlands

PNDfor HD hasbeenavailablein the Netherlandssince1987. Chorionicvillus
sampling(CVS)r amniocentesigAC)can take placein one of 8 centresfor
PND. All samplesfor PND analysesare examinedat the Leiden University
Medical Centre (LUMC).In 1995 the Maastricht University Medical Centre
(MUMC),started the only licensedPGDcentre in the Netherlands.In 1999the
first PGDcyclefor HD was performed. IVFtreatment necessaryfor PGD,and
biopsy of the embryo, can also take placein two IVFcentresin Utrecht and
Groningen,in which caseblastomeresare transportedto Maastrichtfor PGD
analysis At first, only direct testing was offered'®. Since2006 ePGDfor HDis
prohibited by law***®. CouplesrequestingePGDmay be referred to the PGD
centrein Brussels.

Patients

Thoseincluded were all HD expansioncarriers or at risk personswho had

performedPNDin one or more pregnancieand HDexpansiorcarriersor at risk

personswho started PGDbetween 1998 and 2008. The databasesof PND
analyses(LUMC)and PGDreferrals and treatments (MUMC and UZ Brussels)
were combinedin order to matchidenticalindividuals.Information on the age
of both partnersand the genderof the HD expansioncarrier or at risk person
was collected from the patients’ files of the centresfor PNDthroughout the

country and the PGDcentre in Maastricht. The date of PTwasregistered.We

collected detailed information on reproductive history and all consecutive
pregnanciesand PGDcyclesuntil December2010.

Definitions

Eachnatural conceptionwith or without PNDand eachPGDcyclestarted was
definedasan attempt to havea child. All possibleattempts recordedare listed
in Box 1. All reproductive attempts and their outcomes were ordered
chronologicallyjncludingpregnanciegrecedingthe first PNDor PGDattempt
(miscarriageyuntestedchild).

Primaryor secondaryeproductivechoices

We distinguishedcouplesprimarily opting for PNDor PGDwith no previous
pregnancyand coupleswho started PNDor PGDsecondarily after a history of
PGDor PND,or an untested pregnancy.Every PND attempt involves many
possible outcomes, depending on the test result and the course of the
pregnancyafter PND(Box1). We assumedhat the experienceof PNDandits
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Box 1. Decisionmakingprocesswith respectto conception,diagnosis,
and outcome of all attempts

1. Spontaneousonception
a. Pregnancyithout prenataldiagnosis
i. Pregnancyoss
ii. Pregnancyermination(TOP)
iii.  Birthof Hchild
b. Pregnancyvith prenataldiagnosis
i. Pregnancyoss
ii. Pregnancyermination(TOP)
iii.  Normalpregnancyand child unaffectedwith HD
iv.  Continuedpregnancyof HDcarrieror at riskfoetus
2. IVFand PGDtreatment cycle
a. Nopregnancy
b. Pregnancwfter PGD
i. Pregnancyoss
ii. Pregnancyermination(TOP)
iii. Birthof Hchildunaffectedwith HD

GA gestationalage; TOPtermination of pregnancyHD,Huntington’sdisease PGD,
preimplantationgeneticdiagnosis

variation of possible outcomes contributed to the choice of the following
attempt'’. Forthis reason,couplesrepeatedlyusingPNDwere includedin the
secondaryPNDgroup (after the first attempt). In contrast,the mostlikely PGD
outcomeis ‘pregnantyes/no’, and the chanceof an adverseeffect resultingin
TOP for HD due to misdiagnosisafter PGDis very limited'®. Moreover,
successivePGDuse is, as a rule, only offered after a PGDtreatment has
resultedin the birth of a child after a maximumof 3 to 4 cycles.Becauseof
these biases,the couplesrepeatedlyusing PGDwere regardedas a separate

group.

Outcomeand uptakeof PNDand PGD

To comparethe efficacyof both PNDand PGDthe cumulativeoutcome after
(repeated) PNDor PGDattempts per couple was monitored. The uptake of
PNDand PGDamongHDexpansioncarriersof reproductiveage (arbitrarily set
at females @0 years,and males &0 years)was estimated. Detailson the
calculationof uptakeare describedelsewheré®.
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Datawere analysedn codedform. Accordingto the Dutchlaw governingthe
rights and duties of patients and medicalpractitioners (WGBOY, all couples
involvedimplicitly consentto their anonymousdata being used for scientific
research. Approval of the Medical Ethics Committee of the MUMC was
obtained.

Statistics

Comparison®f differencesregardingthe genderof the partner at risk or HD
expansioncarrier, and couples’reproductive histories (frequenciesbetween
groups)were performedby -2 tests (correctedfor continuity). Continuousdata
(ageat certainmomentsandtime intervals)were comparedusingat test.

All reported p valuesare two sided and results were consideredstatistically
significantif p  @.05. The analyseswere conductedwith SPSSor Windows
versionl7.

Results

A total of 162 coupleswere includedin the study. The index caseswere 89
female and 73 male HD expansioncarriers or personsat 50% risk. More
femalesthan maleshad performeda PTprior to their first PNDor PGDattempt
(85.4%versus69.9%p=0.017).

One hundred and eight couples exclusivelyused PND in one or more
pregnancies?29 couplesexclusivelyhad one or more PGDcycles,25 couples
usedboth PNDand PGD Two couplesusedPNDto checkfor misdiagnosisn a
PGDpregnancy.

An overviewof all 458 recordedattempts by the 162 couplesis listedin Table
1. Themeannumber of attempts per couplewas 2.8 (rangel 8). 137 couples
had 322 spontaneousconceptionsin all, 132 couples(81.5%)opted for PNDin

262 pregnanciesThe majority were direct tests (84.1%) whereasin 12.9%of

couplesePNDwasperformedandin 3%exclusiondefinitive testing.

Of all couplesopting for PND,47.0%had 1HTOPfor HD, and 76.5% had
delivered 1Hthild free from HD. Twelve couples (9.1%) continued their
pregnancywith an HD expansionor 50%risk allele. Two withdrew without
obtainingthe PNDresult(Tablel).

Fifty four couplesstarted PGDcycles.Threeof these (5.6%)usedePGD Four
couples continued PGD treatment after interruption with a spontaneous
pregnancy.A total of 136 PGDcycleswere performed (mean 2.5 cyclesper
couple).ln 44.4%(24/54) of the PGDcouples 26 ongoingpregnanciesesulted
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Tablel. Overviewof details of all couplesand attempts recorded

CoupleS %of %of Attempts %of  %of
total subr /cycles total  subr

total total
Total attempts 162 100 458 100
Total PNDin spontaneouspregnancy 132 815 100 262 57.2 100
Directtest 114 70.4 86.4 224 489 855
Exclusiortest 17 105 129 34 74 13.0
Exclusiortest followed by direct PND 4 25 3.0 4 0.9 15
Outcomeafter PND
Miscarriageor late pregnancyloss 8 49 6.1 9 20 3.4
Total TOPafter PND 62 38.3 47.0 101 221 385
TOPaffected 53 32.7 40.2 83 18.1 822
TOPat risk 8 49 6.1 13 2.8 12.9
TOPother reasort 5 31 3.8 5 11 1.9
Continuedpregnancyaffected/at risk 12 74 91 12 26 46
Withdrew without obtaining PND 2 1.2 15 2 04 0.8
Lostto follow up after PND 3 19 23 3 07 11
Child(H)no HD 101 62.3 76.5 135 295 515
Total started PGD 54 33.3 100 136 29.7 100
Directtestingcycles 51 315 944 126 92.6 92.6
Exclusiortestingcycle$ 3 19 56 8 59 59
Outcomeafter PGD
No pregnancy 42 259 77.8 105 229 77.2
Miscarriageafter PGD 5 31 93 5 11 3.7
PGDchild (H) delivered 24 148 444 26 5.7 19.1
Total pregnanciesvithout PND 43 26.5 100 60 13.1 100
Miscarriagg(without PND) 23 142 535 30 6.6 50.0
TOPwithout PND 3 1.9 7.0 3 07 5.0
Childwithout PND 21 13.0 48.8 27 5.9 45.0

! Thenumberof couplesdoesnot addup to 162 or 100% sincecouplesshowcombinationsof
different attempts

2 Threepregnanciegunaffectedwith HD)were lost after the first trimester due to intrauterine or
perinataldeath

% Terminationof singletonpregnanciegor neuraltube defector aneuploidy

4 Tencouplescontinuedtheir pregnancywith a HDexpansiorcarrierfoetus;two continued
pregnancieshowed50%HDrisk allelesin the foetus

5 Twounaffectedfoetuses,one 50%riskallele

6 Twocouplesweretreated at the PGDcentre of BrusseldJniversityHospital(five cycles) pne
couplein the MaastrichtUniversityMedicalCentrebefore exclusionPGDwasprohibited in the
Netherlands
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in the birth of 33 PGDchildren.Of the total group (n=162),23 couples(14.2%)
had Hmiscarriagesn spontaneougpregnanciegwithout PND).Threecouples
had a TOPwithout PND (1.9%),and 21 couples (13.0%)had 1tbngoing
pregnanciesvithout PND.

Patternsin the useof PNDand PGD

Figurel showsa summaryof the reproductivechoicesof all 162 coupleswho
usedPNDand/or PGDduringthe period of study. Of these couples,99 couples
opted for PNDin their first pregnancy,28 couplesprimarily opted for PGD.
Thirty five coupleshad Hpregnanciedefore their first PNDor PGDattempt,
resultingin IHmiscarriageqg14 couples)or live born untested child(ren) (21
couples).

In the primary PNDaswell asin the primary PGDgroup more femaleswere at
risk/[HDexpansiorcarriers(75%and 57%respectively)whereasin the primary
non PND/PGyroupsthe majority of at risk/HDexpansioncarrierswere male
(71%and57%respectively) 2 p=0.01)(Table2).

Thirty four of the 99 primary PND couplesstopped using a form of testing
after their first attempt (Figurel). Themajority of thesecouples (25/34)had

Table2. Characteristicof couplesin the primary choicegroups

PrimaryPND  PrimaryPGD Primaryno PND/PGD Difference
Untestedchild Miscarriage betwee§n
n=99 n=28 n=21 n=14 group
n%) SD n(%) SD n(%) SD n (%) SD (pwalue)
Male
~ 43 7 15 8 0.01
ﬁ";‘rkrzt?/g;a” (43.4% (25.0% (71.4% (57.1%
Female 56 21 6 6
CanenT (66.6% (75.0% (28.6% (42.9%
mg%”age 294 35 322 50 319 53 345 118 0.8
mpTy @ ©) 1) @
Mean
260 48 266 31 259 39 311 40 0.06
femaease g a9 ) ®

! Frequencies: Z correctedfor continuity calculatedper couple,continuousdatacomparedby
2 tailedt test.

70



PNDand PGDfor HDin the Netherlands

one healthy child after PND. Twentythree of these 34 coupleswere CAG
expansioncarriers,11 were at 50%risk; four of the latter were shownto be

non HD expansioncarriersduring or after their first attempt. Sixpregnancies
in the primary PND group were continued after showing either an HD

expansionin the foetus (n=4),or a 50%risk allele (n=1),or without obtaining

the PNDresult (n=1). Three of these 34 coupleshad affected pregnancies
terminated.

Of the 65 coupleswho continuedtheir attempts after primary PND,9 opted
for PGDfor their nextpregnanciesand56 againopted for PND.

For 14 of the 28 couplesin the primary PGDgroup, PGDtreatment (14
cycles/attempts)resultedin the birth of at leastone PGDbaby; five of these
couplesstarted a secondPGDtreatment, whereas9 stoppedusingPGDafter
delivery.After PGDtreatment did not resultin a pregnancythree coupleshad
a spontaneouspregnancywith PND,while for 11 couplesno PNDattempts
wereregistered.

In the primary non PND/PGDyroup, 21 coupleshad 27 children untested for
HDaswell as4 miscarriagesand 14 coupleshad 18 miscarriage$n all.

Secondaryghoices

A total of 99 couplesopted for PNDsecondarily(Figurel); 14 of those 99
continuedto use PGDafterwards.Fora comparisorof the secondary®NDand
secondaryPGDgroups,these 14 coupleswere regardedas belongingto the
PGDgroup,sincePGDwastheir lastchoice.

The cumulative reproductive history of both secondary PND (n=75) and
secondaryPGD(n=28)groupsare listed and comparedin Table3. Significantly
more female HD expansion carriers (80%) opted secondarily for PND
compared to PGD (20%), while male expansioncarriers showed a 50:50
distribution between the PNDand PGDgroup (p=0.009).The reproductive
history of the secondaryPNDand PG Dgroupsshowedan equaldistribution of

couples with previous pregnancies, miscarriages and proportion of

pregnanciesvith PND(Table3). However the coupleswith a history of PNDin

the secondaryPNDgrouphada TOPfor HDsignificantlylessfrequently (32/58,

55.2%)than the couplesin the PGDgroup (20/23, 87.0%) (p=0.015).The
couples opting for PND secondarilymore frequently had 1ktchild (54/75,

72.0%) compared to couples starting PGD secondarily (13/28, 46.4%)
(p=0.029) Theproportion of childrenborn after PNDor untesteddid not differ

significantlybetweenthesegroups.

Finally,after usingPGD 9 of the 28 couplescontinuedto use PND(oncemore)
(Figurel).
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Table3. Characteristicand cumulativereproductive history* of couplesopting
secondarilyfor PGDversusrepeatedlyor secondarilyfor PND

PND PGD Difference
n=75 n=28 between
groupg
n SD N SD pwalue
Male carrier 18(50%) 18(50%) 0.009
Femalecarrier 36(80%) 9(20%)
Male at risk 15(100%) 0 (0%) na’
Femaleat risk 6 (85.7%) 1(14.3%)
Meanmaleageat PT(n) 32.0(18) 7.45 30.8(18) 5.28 n.s.
Meanfemaleageat PT(n) 25.8(36) 0.84 27.1(9) 4.90 n.s.
Totalpregnanciegcouples) 148(73) 57(28) n.s.
Miscarriagglno PND)couples) 19(13) 10(10) n.s.
Totalpregnanciewith PND
(couples) 104(58) 37(23) n.s.
TOPfor HD(couples) 53(32) 27(20) 0.01%'
Totalpregnancylossafter PN
(couples) 7(6) 0(0) n.a.
PGDstarted (couples) 2(2) 4(4) n.a.
Totalchildren(couples) 64 (54) 14(3) 0.02¢
Childrenwith no HDPND(couples)  39(37) 77) n.s/
PGDxhild (couples) 0(0) 3(3) n.a.
Untestedchildren(couples) 23(17) 4(4) n.s.
Continuedaffected(couples) 2 (2)8 0(0) n.a.

PGDpreimplantationgeneticdia%_nosisPNDprenata_ldiagnosisPT,pres mptomatidest;
g:a.,not applicablen.s.,not significant;TOPtermination of pregnancyHD,Huntington’s
isease.

! Cumulativereproductivehistory beforethe lastregisteredPGDor PNDattempt

FrequenciesChisquarecorrectedfor continuity calculatedper couple,continuousdata
comparedby 2 tailedt test.

N.a.:not applicable numbersaretoo smallfor statistics

Coupleswith  HTOPfor HDper couplesperformingPND

Miscarriageafter PND Jate pregnancylossafter PND

Coupleswithout child vswith child (PND PGD pr ongoingaffected,untested)
Coupleswith Hchild after PNDcomparedto coupleswith Hchild
Prenataltest showed39 and 45 repeatsrespectively

2

® N o o b» W

Total PNDand PGDuseand outcome

Thetotal number of 175 PNDor PGDpregnanciegesultedin the birth of 183
children (Table 4). PND was applied in 149/175 (85.1%) of spontaneous
pregnancies12/149 (8.1%)pregnanciesere continuedwith an HDexpansion
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or 50%risk allele. Additionally,two pregnanciesvere continuedwithout being
informed of the test result. A total of 14.9%of pregnanciesesultedfrom PGD
treatment. Of all 183live born children,5.5%were HDexpansiorcarriers,2.2%
havea 50%HDrisk, and 92.3%are free from HD.For 39 couples(24.1%)PND
and/or PGDdid not leadto childbirth.

Figure2 showsthe cumulative outcome of all 262 PNDattempts of the 132

couples performing PND. The outcome of each attempt was ordered

chronologicallyas first, second,and third attempt until the birth of a child.

After the birth of a child, any following attempt was consideredanother first

attempt to conceivea child. Theattemptsresultedin 135 ongoingpregnancies
(52%) and the birth of a child without HD, 110 pregnancies(42%) were

terminatedor lost.

Figure 3 shows the cumulative outcome of each of the 136 PGD cycles
(attempts) performed by 54 couples.For coupleswho continued PGDcycles
after the birth of a PGDchild, anyfollowing attempt wasconsidereda new first

attempt. Themajority of the 26 ongoingpregnancieg19%per cycle)resulted
from the first or secondPGDcycles.Theproportion of favourableoutcome (in

terms of alive born child with a reducedHDrisk) after PNDwasrelativelyhigh
comparedio PGD.

Uptakeof PNDand PGD

Couplesn our study performedtheir PTon averagel.8 yearsbefore their first

attempt to havea child (rangell.5prior to first attempt to 6.0 yearsafter first

attempt). Thereforethe 11 year period starting from October 1996 is the

closestway to approximatethe moment of PT of our study group. In this

period 1414 presymptomatictests were performedin the Netherlandson 587

males(42%)and 827 females(58%).0f the 962individualsof reproductiveage,
a total of 406 (199 males <50 yrs and 207 females <40 yrs) showed CAG
repeats 364 Additionally, five untested individuals of reproductive age
indirectly turned out to be HD expansion carriers after an unfavourable
outcome of PND.In our study population 162 couplesperformed PNDand/or

PGD.Of these couples,26 did not undergoPT (asof December2010).Of the

remaining 136 couples,5 took their PT abroad (n=2) or were diagnostically
tested (n=3), possiblybecausethey had mild HD features. These5 couples
were excludedfrom the calculation.Theestimateduptake of PNDand/or PGD
was 32%(131/411)of presymptomaticHD expansioncarriersof reproductive
age.Theageat the momentof PTfor malesand femalesnot opting for PNDor

PGDwassignificantlyhigher (34.2yrsand 29.4yrs, respectively)lcomparedto

the ageat PTof couplesopting for PNDor PGDin our study population(males
31.4 yrs and females 26.6 yrs) (age differences: males p=0.02; females
p=0.0003).
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Figure2. Cumulativeoutcome per PNDpregnancyuntil live birth

—¥— Normalpregnancyand child
—O—Total TOPor loss

—A— Continuedaffectedor at risk
—+— Lostto FUafter PND

- -= - Nopregnancyor miscarriage
- =% - Normalpregnancyand child
- -+- - Scheduledor more attempts

—X— PNDNormalpregnancyand child

- -= - PGDNo pregnancyor miscarriage

—— PNDTotal TOPor loss

- 2% - PGDNormalpregnancyandchild
#— PNDContinuedaffectedor at risk

150
120
(]
£ 90 /W
iE
3 60 -
8
° 30
0 1 T T = = Le
1 2 3 4 5 6 7
No. of attempts
Figure3. Cumulativeoutcome per PGDcycleuntil live birth
125
100 - PP
2 5
£ 751 o~
hE] L
3501 .°
s
251 o eXemmX=X
0 +-7-‘F‘""+""+‘"'+
1 2 3 4 5
No. of attempts
Figured. Cumulativeoutcome per PNDor PGDattempt until live birth
150
>K/>K—>K—>K—>K
120 >K/
()]
€ 90
8
E 601 <
Sa0{ X - =X - X
o 1 - - = - - - -
= L e XX
0 e O O O

76

No. of attempts



PNDand PGDfor HDin the Netherlands

Discussion

Thisretrospectivecohort study providesa completeoverviewof PNDand PGD
useamongHD expansioncarriersand at risk personswho appliedfor PNDor

PGDin the Netherlandsin the period 19982008.In the period under review,

81.5%0f 162 couplesopted for PNDin 262 pregnancies52%of whichresulted
in the birth of childrenwithout HD. PGDwas performed by 33%of couples,
showinga live birth rate of 19%per started cycle. Though,couplesmay have
undertakenmore PND/PGRttemptsafter the collectionof dataceased.

Theintroduction of PGDfor HDin the Netherlandsin 1999 doesnot seemto
havereducedthe useof PNDin termsof absolutefigures.We assumehat PGD
hasattracted a separategroup of individuals,who selectivelyopt for PGD.The
majority of coupleswho opt for PNDor PGDdo stick to their primary choice,
evenwhen a large number of treatments are needed. Consecutivefailure of
PGDor TOPafter PND,however,mayleadto a shift from PNDto PGDor vice
versa. Couples secondarily opting for PND more frequently had a child
compared to couples secondarily opting for PGD. For some a successful
previousPNDmight have strengthenedthe preferenceto use PNDagain,for
othersthe practicalobstacleof havinga child when goingthrough PGDmight
havecontributedto a preferencefor PND’.

Themale/female(M/F) ratio of HDexpansioncarriersor at risk personsin our

total study population was 45:55, comparable with that found in the

literature>"*?2 However for severalgroupsthe M/F ratio wasdistorted. Male

HD expansioncarriers/atrisk personswere overrepresented(71.4%)in the

group with an untested child prior to PNDor PGDcomparedwith the other

primary groups. Differences might be explained by M/F difference in

responsibilitytowards family life and caretakingand a more reluctantattitude

of malestowards PT. A paradoxicakhift wasobservedfrom the primary PGD
group,whichconsistedof 75%femaleHDexpansiorcarriers/atrisk personsto

the secondaryPGDgroup, in which 36%carrier/at risk personswere females
(p=0.013) It may be speculatedcthat at risk males,when makingtheir primary
choice,may underestimatethe impact of PNDand overestimatethe impact of

PGD.The impact of PNDresultingin TOPmay also be correlated with the

gender of the at risk partner. After experiencingPNDand TOP,these males
maybe promptedto changetheir point of view and shift towardsPGD.

Althoughthe absolutenumbersof PNDhaveconsiderablyincreasedcompared
to the 11 yearperiod studiedby Maat Kievitet al. (198719977, the yearlyuse
of PNDhasremainedrather stablesince1996°. Theuseof ePNDwasreduced
from 30%of couples(13/43Y to 16%in our study. Theproportion of ePNDwas
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found to be around 30%in Australia(19942003f°. Europeanstudies(1993r
1998) showeda proportion of 10%of prenatal tests performed by exclusion
testingin Belgium,29%in France 30%in Denmark42%in Italy and 48%in the

UK'*% In Germany, Switzerland, Austria and Greece no ePND was
performed™?’. Theproportion of the useof PGDcomparedwith that of PNDin

our studyis quite low in comparisonto Australiaand Franceand comparableto

the proportion of PGDuse describedin a Belgianstudy"#??% Thisdifference
may be explainedby a more liberal attitude towards TOPand the restrictions
on the use of ePGDin the Netherlands.The proportion of ePGDby Dutch
couplesopting for PGDis relativelylow comparedto the proportionsof ePGD
in Belgium(33%)and France(49%),most probably due to restrictionson the

applicationof ePGD**>.

The 32%uptake of PNDor PGDby HD carriersin the Netherlandsnowadaysis
relatively high compared with that in France,Canada,the USA,Germany,
Austria, Switzerland, Greece, Australia, Northernireland and a diagnostic
centre in Johannesburg(South Africa}®**#2*?8! and to some extent
comparablewith the UK,Belgiumand DenmarK*4?*?3 In our study population
the motivesfor performinga PTwere not registeredsystematicallyln other
studies, only about 6080% of individuals choose to perform PT for
reproductivereason&®, and around 20 50% of individualsperforming PT for
reproductive reasons decide not to have children after testing HD
positive?>**33 Thereforewe assumethat the actual uptake amongindividuals
with reproductive motives for PT will most probably be higher than 32%.
Otherwise there maybe symptomaticindividualswho reproduce.Theyare not
includedin these calculationsthough their offspringshowsa similar 50%HDr
risk.

Difficultiesin calculatingthe absoluteuptake of PTwith respectto the at 50%
HDrisk population complicatean accuratecalculationand comparisonof the
uptakebetweencountries”.

We found that 44.4%(24/54) of the PGDcouplesdelivered children without

HD,whereas52%of spontaneougpregnanciewith PNDresultedin the birth of

a child without HD.However,if we look at the resultsof all attempts, we see
that the outcome in terms of live born children without HD after PNDis

relativelyfavourablecomparedto the successate of PGDIf the first two PGD
attempts were unsuccessfula couple was lesslikely to conceivean ongoing
pregnancyresultingin the birth of a childin alater PGDcycle(Figure3).

A direct and exclusivelyquantitative comparisonbetween PNDand PGDis
probably not fair, as the psychologicaimpact of both methods on partners
may differ greatly. Theartificial characterof PGDandthe time investment,the
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costs, the risks to mother and child, and the chance of misdiagnosisare

frequently mentioned disadvantagesf PGD®?# By contrast, the physicaland

psychologicatonsequence®f an unfavourableoutcome of PNDresultingin

TOPmustnot be underestimated?. Althoughthe chancesarein favourof PND,
someindividualshave stated the negativeimpact of TOPto be much greater
than the disappointment after a failed PGD cyclé®®* Another factor

complicatingPNDis the chanceof a continuedHD expansionor 50%risk allele
pregnancyIn our study this occurredquite frequently (12 pregnanciesiand it

has previously been described by others’?*?®%"3 According to the

international guidelineson PND,continuing an affected or at risk pregnancy
can be consideredan early form of presymptomatictesting and therefore it

violates the future child’s right not to know®. Specific details on these
pregnanciesare describedelsewheré®. The motivesof these couplesand the

longterm consequencesof this unfavourable outcome after PND will be

subjectto future study.

Conclusion

PNDand PGDare well acceptedreproductive options in the Netherlandsfor
HD.PNDis usedconsiderablymore frequently than PGD Thisstudy showsthat
only a minority of couplesdecideto changetheir reproductivestrategyafter a
disappointingoutcomeof their primary choice.Althoughchancesare in favour
of PND the psychologicaimpactof both methodsmay differ greatly. To make
a balancedchoicebetweenthe availableoptions, it is important for candidate
couplesto be well informed about the differencesbetween PND,PGDand
alternatives.We recommendrepeatedreproductivecounsellingprior to every
attempt with an openapproachto all availableoptions.
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Chapters

Abstract

PGDs nowadaysa well establishedalternativeto prenataldiagnosisHowever,
information with respectto couples’motivesand profiles for choosingPGDis
scarce.

A prospectivecohort of 264 couplesreferred for PGDwas interviewed semir
structurally after intake, and follow up data were collated after 68 years.
Outcome measureswere: the primary choice shortly after intake (PGD
intention), and their definitive use, until maximum 8 years later (PGDuse).
Logisticregressionanalysiswas performed with clinicalimpact of the genetic
disorder, couples’experiencespbstetric history, and psychosociafactors as
putative predictors.

About 53.4%o0f the couplesshowedPGDintention. The experienceof one or

more miscarriages,the loss of an affected child and the absence of

(acceptableglternativesfor the female partner positivelycontributed to PGD
intention. For PGDuse (45.8%o0f couples),infertility, a history of pregnancy
termination(s)andthe absenceof alternativesaccordingto the female partner

were positive determinants.A living affected child reducedPGDuse. Mode of

inheritanceand clinicalimpactof the disorderdid not contribute.

In conclusion,fewer than 50% of the referred couplesactually started PGD
treatment. Personalexperiencesand reproductive history (the presenceof a
living affected child, infertility or a history of a pregnancytermination) were
more important determinants of eventual PGD use than the mode of
inheritanceor the expectedclinicalimpactof the disorder.
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tot juni 2005 werkte zij als arts assistentgynaecologigén het Diaconessenhuis
te Leiden.Aansluitendwerkte zij als arts assistentklinische geneticain het
LeidsUniversitairMedischCentrum.In december2006begonzij aaneenbaan
als arts preimplantatie genetischediagnostiekin het MUMC+. Naast deze
functie startte zij in het jaar 2009 met het promotieonderzoekReproductive
options for couples at risk of Huntington’s disease’ dat leidde tot dit
proefschrift. Eind 2010 verhuisdezij met haar gezinnaar Leiden,waar zij het
onderzoekvoortzette. Vanaf mei 2011 werkte zij gedurende5 maandenals
arts assistentKlinischegeneticain het VU MedischCentrum.Met ingangvan
december2011werd zein dienstvande afdelingneurologiein het LUMCin de
gelegenheidyesteldin eenjaartijd het promotie bnderzoekaf te ronden.

In april 201 3startte zijmet de opleidingtot klinischgeneticusn het LUMC.
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