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Preimplantation genetic diagnosis (PGD) for
Huntington’s disease: the experience of three

European centres

Maartje C Van Rij1’5, Marjan De Rademaeker>”, Céline Moutou>?, Jos CFM Dreesen!, Martine De Ryckez,
Inge Liebaers?, Joep PM Geraedts!, Christine EM De Die-Smulders*! and Stéphane Viville>* on behalf of the

BruMaStra PGD working group

This study provides an overview of 13 years of experience of preimplantation genetic diagnosis (PGD) for Huntington’s disease
(HD) at three European PGD centres in Brussels, Maastricht and Strasbourg. Information on all 331 PGD intakes for HD,
couples’ reproductive history, PGD approach, treatment cycles and outcomes between 1995 and 2008 were collected
prospectively. Of 331 couples for intake, 68% requested direct testing and 32% exclusion testing (with a preponderance of
French couples). At the time of PGD intake, 39% of women had experienced one or more pregnancies. A history of pregnancy
termination after prenatal diagnosis was observed more frequently in the direct testing group (25%) than in the exclusion group
(10%; P=0.0027). PGD workup was based on two approaches: (1) direct testing of the CAG-triplet repeat and (2) linkage
analysis using intragenic or flanking microsatellite markers of the HTT gene. In total, 257 couples had started workup and
174 couples (70% direct testing, 30% exclusion testing) completed at least one PGD cycle. In total, 389 cycles continued to
oocyte retrieval (OR). The delivery rates per OR were 19.8%, and per embryo transfer 24.8%, resulting in 77 deliveries and
the birth of 90 children. We conclude that PGD is a valuable and safe reproductive option for HD carriers and couples at risk

of transmitting HD.
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INTRODUCTION

Huntington’s disease (HD; MIM: 143100) is a progressive neuro-
degenerative disorder seriously affecting the quality of life of patients
and their families. Clinical signs are progressive motor disability
featuring chorea, as well as mental disturbances such as cognitive
decline, changes in personality and depression.! The mean age of onset
is 35 to 44 years and the median survival time is 15 to 18 years after
onset.”* In populations of western European descent, the prevalence
varies between 5 and 10 per 100 000.>*

The disease-causing mutation is an expanded CAG repeat sequence
in exon 1 of the HTT gene (ref. seq NM002111.6) on chromosome
4 (4p16.3), transmitted as an autosomal dominant trait.> HD is fully
penetrant in patients having >40 CAG repeats; 36-39 CAG repeats
are associated with reduced penetrance, whereas 27-35 repeats are
within the intermediate range. Intermediate repeats are not penetrant,
but may lead to expansion if transmitted to offspring.

Reproductive options for gene carriers or at-risk persons include
prenatal diagnosis (PND) and preimplantation genetic diagnosis
(PGD).>® For confirmed carriers, PGD can provide direct testing of
embryos obtained after in vitro fertilisation (IVF) via an intracyto-

plasmic sperm injection (ICSI). The CAG repeat length is tested in
one or two blastomeres from each embryo, and, if available, one or
two unaffected embryos are selectively transferred into the uterus.”

At-risk persons who prefer to be uninformed about their HD
carrier status, and do not wish to undergo presymptomatic testing,
can be offered exclusion testing either by PND or PGD. The exclusion
test is based on identifying the grandparental origin of the two HTT
alleles.” If one of the two alleles from the affected grandparent is found
in the fetus after exclusion PND, a termination of pregnancy (TOP) is
offered, although the fetus only has a 50% risk of being a carrier of the
CAG expansion. In exclusion PGD, only embryos with one of the two
HTT alleles from the non-affected grandparent are transferred.® Both
the availability and cooperation of family members in providing
a sample for PGD workup is necessary for exclusion testing.

An alternative method for those who do not want to know their
carrier status is non-disclosure PGD.!° Embryos are analysed directly
for a CAG repeat, without any details of PGD results being revealed
to patients. Only embryos without an expansion are transferred.!!
Non-disclosure PGD remains controversial and has been rejected
by many PGD centres.>®113
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The PGD centres in Brussels (Belgium), Maastricht (The
Netherlands) and Strasbourg (France) offer PGD for HD. We provide
an overview of our experience of PGD for HD between 1995 and 2008.
Our aims are as follows: (1) to provide a comparative overview
of PGD approaches and technical workup in the three centres,
(2) to study differences in the populations who apply for PGD and
their reproductive histories, (3) to compare PGD results in the three
centres, as well as to compare them with literature data.

PATIENTS AND METHODS

The data on all intakes, cycles and outcomes of PGD treatment for
HD in the PGD centres in Brussels, Maastricht and Strasbourg from
1995 to 2008 were prospectively collected.

Patients and counselling

A total of 331 couples obtained genetic and reproductive counselling
by a clinical geneticist before being referred for PGD. The PGD intakes
were performed by a clinical geneticist, a gynaecologist and/or a PGD
co-worker either at the outpatient clinic (Brussels, Maastricht) or by
telephone (Strasbourg). Couples were provided with verbal and
written information on IVF and ICSI, the single-cell diagnostic
procedure, the success rates of the IVF/PGD treatment and the
small risk of misdiagnosis.*!> The advantages and disadvantages of
PGD in comparison with relevant alternative reproduction options
were discussed. Informed consent was given by both partners before
treatment. The reproductive history concerning fertility problems,
previous pregnancies with or without PND and/or TOP, and the
number of living children was noted. Couples had to be suitable
candidates for IVF/ PGD according to the European Society of Human
Reproduction and Embryology (ESHRE) IVF and PGD guidelines.!®!”
Reasons for being rejected by the PGD centre were recorded, as well as
reasons for couples refraining from PGD if this information was
available. If symptoms of HD were observed during intake (Brussels
or Maastricht), a neurologist and a psychologist were consulted, and
the PGD request was evaluated by the local PGD team and occasionally
the ethics committee. In general, it is considered that assisted
reproduction technology involves shared responsibility for parental
caregivers and health-care providers in respect of a prospective
child. If a couple does not seem to be able to provide a stable
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environment in which the child will grow up, the couple can be
rejected for PGD.

PGD workup

The PCR single-cell protocols applied in this study are based on
two approaches: (1) direct testing of the (CAG)n triplet repeat, and
(2) linkage analysis using one or more intragenic or flanking micro-
satellite markers, in addition to the direct approach or for exclusion
testing (Table 1).5-8

Ovarian stimulation and oocyte retrieval

Controlled ovarian hyperstimulation was carried out in a GnRH
agonist or antagonist protocol. PGD treatment requires a higher
minimum follicle count for oocyte retrieval (OR) than regular IVF
treatment, as relatively more embryos are ‘lost during the PGD
procure (rejected for being affected/at risk). The minimum follicle
count for OR was four for Maastricht and six for Strasbourg. In
Brussels, the preferred minimum follicle count for OR was nine, the
exact number, however, being established on an individual basis.!8

ICSI and embryo biopsy procedure

IVF with ICSI was carried out as described previously.'® After careful
assessment of the embryo’s development, blastomere biopsy was
carried out on day 3. Depending on the total number of embryonic
cells and the PGD approach, one or two blastomeres were removed by
making a hole in the zona pellucida with a stream of acid Tyrode’s
solution or with a laser.20-2

PGD approach
Single-cell testing methods were very similar in the three PGD centres
(Table 1). After biopsy, blastomeres were washed and tubed in alkaline
lysis buffer with KOH or NaOH and maintained at —20 or —80°C for
at least 30 min. A blank control was made for each blastomere, as
recommended by the PGD best practice guidelines at the time.!”
Samples were lysed at 65°C for 10 min, before the addition of PCR
reaction components.

Initially, PCR reactions were based on simplex PCR. Later,
multiplex fluorescent PCR was introduced, which allowed simulta-
neous amplification of two to six loci.

Table 1 Strategies in use for PGD for Huntington disease in the BruMaStra PGD centres

Brussels Maastricht

Strasbourg

(CAG)n or (CAG)n + IVS1CA
(CAG)n + IVS1CA

Direct testing (CAG)n
Direct testing (if not
informative for (CAG)n)

Exclusion testing

D4s412
IVSICA + D4S127

D4S412
Alkaline lysis buffer
(ALB)
Freezing post tubing
Decontamination
Polymerase

50mm DTT, 200 mm NaOH or 50 mm DTT,
200 mm KOH

330" —20°C

UV-C and/or restriction enzyme

Taq Polymerase (Perkin Elmer, Waltham,
MA, USA) (CAG)n

Expand Long Template PCR system (Roche
Diagnostics, Basel, Switzerland): duplex
Split for multiplex PCR Yes No

330’ —20°C

Genetic analyser ALF ABI 377
ABI 3100 ABI 3100
ABI 3730

D4S1614+D4S127+D4S3034+

D4S1614+D4S127+D4S3034+

50mm DTT, 200 mm NaOH

UV-C and/or restriction enzyme

Expand Long Template PCR system (Roche Diagnostics,
Basel, Switzerland): (CAG)n

Expand High Fidelity PCR system (Roche Diagnostics,
Basel, Switzerland): linkage

(CAG)n+D4S127+ D4S412+IVS1CA
(CAG)n+D4S127+ D4S412+IVS1CA

D4S3038+D4S1614+D4S127+IVS1CA+
D4S3034+D4S412
50mm DTT, 200 mm KOH

330" -20°C

UVv-C

Qiagen Multiplex PCR KIT (Qiagen,
Diisseldorf, Germany)

No
ABI 3100
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Embryo transfer, pregnancy outcome and children

One or two unaffected embryos were transferred into the uterus on
days 3 to 5 post insemination. The age of the woman, number
of unsuccessful previous attempts and embryo quality determined
the number of embryos to be transferred. For Belgian patients, the
reimbursement policy of July 2003 required a selective single-embryo
transfer in patients aged <36 years. Supernumerary unaffected
embryos of good morphology were cryopreserved.”> Biochemical
pregnancy was confirmed when serum or urine beta hCG concentra-
tions showed an increase at least 10 days after transfer. Clinical
pregnancy was recorded when a gestational sac was seen on ultrasound
at least 4 weeks after embryo transfer. Ongoing pregnancy was
registered if ultrasound showed a fetal heartbeat at >12 weeks of
gestational age. Loss of a fetus or gestational sac <20 weeks were
recorded as a miscarriage.*

The option of a control PND by CVS or amniocentesis was offered
to pregnant women. Data on children born were collected through
questionnaires addressed to the parents and their gynaecologists.
In Brussels, children were examined whenever possible by a trained
paediatrician.?

Legal aspects

PGD for HD based on direct testing is allowed in all three centres. In
Belgium, PGD practice has been regulated by law since 2007.2¢ Direct
testing was first applied in 1997.7 Exclusion testing has been offered
since 2000, whereas non-disclosure PGD was rejected after thorough
discussion.® In the Netherlands, PGD for direct HD testing has been
allowed since 1998, following the directive relating to similar indica-
tions for PND and PGD. The first HD test was applied in 1999.
In 2002, an embryo law was introduced, which was similar to the one
in Belgium. Although HD exclusion testing remains accepted in PND,

Table 2 PGD intakes for HD per BruMaStra PGD centre (1995-2008)

HD exclusion testing and HD non-disclosure testing has been
excluded for PGD since 2006.7 The Maastricht PGD centre is the
only certified PGD centre in the Netherlands. In France, specific PGD
legislation was introduced in 2000, defining PGD as an ultra-
precocious form of PND. Initially, exclusion PGD was not permitted
until the law was revised in 2004. PGD can only be practised in centres
licensed by the Agence de Biomedecine. Similar to PGD requests,
PND requests for HD have to be presented to a local multidisciplinary
commission. However, exclusion PND for HD is exceptional, as
most local multidisciplinary commissions do not accept TOP of
at-risk fetuses and consider PGD as a better solution. Since exclusion
PGD has been introduced, exclusion PND is no longer offered
in France.

Reimbursement of PGD

In Belgium, PGD costs for Belgian couples are covered by their health
insurance for six cycles, provided embryo transfer rules are respected.
The Dutch health insurance companies cover three IVF/PGD cycles. In
France, the cost of four IVF/PGD cycles resulting in embryo transfer
are covered by the national health system.

Statistical analyses

The differences between the centres relating to frequencies within
the study populations were calculated using a j>-test. The mean age
of woman at treatment was compared with ANOVA.

RESULTS

Patients and counselling

In total, 331 couples had a PGD intake at one of the three centres
(Table 2), 68% of couples (225/331) requested direct testing and 32%
(106/331) requested exclusion PGD. In Strasbourg, significantly more

Brussels Maastricht Strasbourg Total
Methods Direct  Exclusion Total  Direct  Exclusion Total  Direct  Exclusion Total  Direct  Exclusion Total
Couples for intake 78 38 116 91 9 100 56 59 115 225 106 331
At-risk person
Male 46 16 62 37 3 43 28 34 62 111 56 167
Female 32 22 54 54 6 57 28 25 53 114 50 164
CAG repeat length HD carrier
36-39 3 6 6 15
>40 67 66 41 174
Unknown/not tested 8 19 9 36
Couples’ reproductive history
Infertility 6 6 12 13 1 14 11 3 14 30 10 40
>1 Pregnancy 29 20 49 37 41 26 13 39 92 37 129
>1 TOP after PND 18 8 26 22 2 24 17 1 18 57 11 68
>1 TOP without PND 1 1 1 1 4 4 8 5 5 10
>1 Child (with or without PND) 18 4 22 17 2 19 12 7 19 47 13 60
Total no. of children 18 5 23 18 2 20 14 8 22 50 15 65
PND excluded HD (risk) 11 3 14 10 10 4 0 4 25 3 28
PGD excluded HD 1 1 1 0 1
Ongoing pregnancy after affected PND 1 1 1 0 1
No test performed 6 2 8 7 2 9 10 8 18 23 12 35
Family risk unknown 4 1 5 5 5 6 1 7 15 2 17
HD risk known 2 2 4 2 2 4 6
Other relation 1 1 2 1 1 1 2 3
Reason unknown 1 1 4 4 8 5 4 9

Abbreviations: HD, Huntington disease; PND, prenatal diagnosis; PGD, preimplantation genetic diagnosis; TOP, termination of pregnancy.
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couples asked for 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 Brussels, 71 of 116 intakes were
Belgian couples, the remaining were couples from abroad, mainly
from Germany. In Maastricht, all couples were Dutch. In Strasbourg,
the vast majority of the couples were French.

The male:female ratio of carriers/at-risk persons for the three
centres was 1:1.03 (111:114) for 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 the carriers had an allele with a reduced
penetrance. The mean age of woman at intake was 29.64 years.
No significant age difference was seen between the centres and
between direct and exclusion testing (data not further shown).

Reproductive history

Fertility problems necessitating IVF/ICSI were reported in 12%
(40/331) of the couples (Table 2). Of the total number of intakes,
39% (129/331) of women had >1 previous pregnancy and 21%
(68/331) had experienced >1 TOP after PND for HD. Significantly
more women in the direct testing group had experienced TOP (25%, 57/
225) compared with the exclusion group (10% (11/106); P=0.0027).

For the exclusion group, more couples in Brussels (53%, 20/38)
than in Strasbourg (22%, 13/59) had had at least one previous
pregnancy (P=0.007). In Brussels, 21% (8/38) of the couples had a
history of >1 TOP after exclusion PND, whereas in Strasbourg there
was only one TOP after PND in the exclusion group (P=0.0045). In
Strasbourg, eight couples had a TOP without PND compared with
one in Maastricht and one in Brussels.

A total of 18% (60/331) of the couples had at least one living child.
Relatively, more couples in the direct testing (21%, 47/225) had
offspring (P=0.08) than in the exclusion group (12%, 13/106).
In 45% (29/65) of these children, the risk of HD was excluded by

Table 3 PGD workup and outcome after PGD intake
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direct testing (52%, 26/50) or exclusion testing (20%, 3/15). either.
However, the differences were not significant (P=0.059).

HD was excluded by PND or PGD in 65% (15/23) of previous
children from couples in Brussels, 50% (10/20) in Maastricht and 18%
(4/22) in Strasbourg (P=0.0055, difference between three centres).
One of the couples referred for PGD in Maastricht had continued an
affected pregnancy. In 17 out of 35 untested children, the (family) risk
of HD was not yet known at the time of the pregnancy (Table 2).

Genetic workup and outcomes after PGD intake

Couples’ genetic workup and outcomes after intake are shown in
Table 3. For 78% (257/331) of the couples, genetic workup was started:
81% (183/225) for direct testing and 70% (74/106) for exclusion
testing. In Brussels, 95% (82/86) of the couples continued to at least
one PGD cycle after successful genetic workup, in Maastricht this was
52% (43/82) and in Strasbourg 55% (49/89). After the closure of data
collection (end 2008), in Brussels, Maastricht and Strasbourg, respec-
tively, 5%, 7% and 28% of the couples were about to start their
first cycle.

After intake, 9% (29/331) of the couples were rejected by the PGD
centre, for example because they were considered unsuitable for IVF
(3%). In the majority of these, an anticipated reduced ovarian
response was indicated by high basal levels of follicular-stimulating
hormones. Other couples were rejected owing to PGD-related tech-
nical obstacles (3%). In Maastricht, relatively more couples (16%,
16/100) were rejected compared with Brussels (3.4%, 4/116) and
Strasbourg (8%, 9/115). A total of 18% (61/331) of couples refrained
from PGD early or later after intake. Of the latter, one-third (19/61)
refrained after achieving a spontaneous pregnancy in the meantime.
Nearly 10% of the couples (32/331) were lost to follow-up. A
substantial proportion of the couples refraining lost to follow-up,
and rejected did complete genetic workup (52%, 48/93).

Brussels Maastricht Strasbourg Total
Direct Exclusion Total Direct Exclusion Total Direct Exclusion Total Direct Exclusion Total
Couples for intake 78 38 116 91 9 100 56 59 115 225 106 331
PGD workup started 56 30 86 81 I 82 46 43 89 183 74 257
Direct testing (CAG-repeat)
Informative/ 44 44 65 65 38 38 147 147
Half informative/ 12 12 10 10 8 8 30 30
Non-informative for normal alleles 0 0 2 2 0 0 2 2
Linked markers 28 30 58 4 1 5 45 43 88 77 74 151
PGD rejected by PGD centre (couples) 2 2 4 11 5 16 5 4 9 18 11 29
Unsuitable for IVF 1 0 1 4 4 3 1 4 8 1 9
Technically not feasible 0 2 2 5 5 1 1 2 6 3 9
Symptomatic HD 1 0 1 2 2 3 3
Other reason for rejecting 0 5b 5 1 2 3 1 7 8
Couples refraining from PGD 15 4 19 32 3 35 3 4 7 50 11 61
Spontaneous pregnancy 2 10 6 6 2 1 3 16 3 19
Other reason for refraining 7 2 9 26 3 29 1 3 4 34 8 42
Lost to follow-up 5 2 7 8 17 25 13 19 32
Lost FU + refraining 20 6 26 32 3 35 11 21 32 63 30 93
Ready to start PGD (couples) 56 30 86 48 1 49 40 34 74 144 65 209
Pending 1 3 4 6 6 15 10 25 22 13 35
Started PGD (couples) 55 27 82 42 1 43 25 24 49 122 52 174

2In the Netherlands, one couple for exclusion PGD entered the PGD programme during a period of exception.
bFour couples asking for exclusion PGD, three men one woman at 50% risk being HD carrier, two of these couples were referred for PGD to Brussels, resulting in one pregnancy, healthy daughter.
One man according to family history had max 25% risk of HD, couple asks for exclusion or non-disclosure PGD, rejected and referred for genetic counselling to nearby centre for clinical genetics.
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PGD cycles

An overview of all cycles per centre is shown in Table 4. The mean age
of woman at the start of the first cycle was 31.3 years. Overall, 53%
(174/331) of couples for intake were treated (122 for direct testing and
52 for exclusion testing), 434 cycles were started and 389 cycles
continued to OR. This resulted in 2.5 cycles to OR per couple in
Brussels (202/82), 2.0 cycles to OR per couple (86/43) in Maastricht
and 2.1 (101/49) in Strasbourg. The mean number of oocytes retrieved
per cycle to OR was 15.01 in Brussels, 10.82 in Maastricht and 12.42 in
Strasbourg, which shows a significant increase in the number of
oocytes per cycle in Brussels compared with the other two centres
(P<0.0001). As in the case of the number of oocytes per cycle, the
number of inseminated, fertilised and biopsied embryos show sig-
nificant differences as well (P<0.0001).

Overall, a mean of 11.1 oocytes per OR were inseminated (4318/
389) and 8.1 oocytes per cycle to OR were successfully fertilised (3133/
389). The mean number of biopsied embryos per cycle to OR was 5.9
(2277/389). The mean number of embryos transferred per cycle was
1.6 (511/310). The mean number of embryos per ET for each centre
shows the opposite effect: 1.56 in Brussels, 1.77 in Maastricht and 1.72
in Strasbourg (significantly less embryos per ET in Brussels compared
with Maastricht and Strasbourg: P=0.0048).

Pregnancy outcome and children

In total, 105 positive hCG tests occurred (84 women), resulting in 84
clinical pregnancies. Of the latter, five were lost in the first trimester.
Detailed information on pregnancies and babies per centre are listed
in Supplementary Tables S1 and S2. A summary of cycles, pregnancies
and babies is shown in Table 5. The clinical pregnancy rate was 21.6%
per cycle to OR and 27.1% per transfer. The delivery rates per OR were
19.8%, and per embryo transfer 24.8%. The overall delivery rate (>1
delivery) of couples starting >1 PGD cycle was 37.4% (65/174). The
pregnancy and delivery rates at the three centres did not show any
significant differences. The 77 deliveries (65 couples) resulted in the
birth of 90 children (65 singletons, 11 pairs of twins and one set of
triplets). PND to confirm PGD results was performed more frequently
in Brussels (41%, 19/46 of clinical pregnancies) than in Maastricht
(10%, 2/21) and Strasbourg (0%).

PGD uptake

To get an impression of the uptake of PGD in the three countries, the
couples for PGD intake can be compared with the population at risk
for HD?® at a reproductive age (Table 6). According to the literature,
the prevalence of HD is similar in the three countries (7.5 per
100000).>* The population with a 50% risk of being an HD carrier
was calculated according to Conneally:?® five times the prevalence of
HD. The reproductive age group of at-risk (presymptomatic) persons
was estimated to be half the total at-risk population, since the average
age of onset is 30-40 years and the reproductive age starts around 15
to 20 years. Over a period of 10 years, the uptake of PGD for HD in
Belgium was 8.5%, in the Netherlands the uptake was 5.8% and in
France 3.7%.

DISCUSSION

With an overall delivery rate of 37.4%, we conclude that PGD has
become a successful reproductive option for couples at risk of
transmitting HD.

PGD outcome
The success rates of the three PGD centres are similar and match
international data on pregnancy rates in PGD.>®!129-32 The mean age
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of woman at the beginning of the first cycle (31.3 years), as well as the
delivery rates per OR (19.8% ) and per ET (24.8%), are similar to
those for PGD for HD reported in the ESHRE PGD data collection X
(mean age of woman: 32.0 years; delivery rate per OR: 19.8% and per
ET: 23.6%).%" The increased number of oocytes per cycle in Brussels
compensated for the reduced number of embryos per ET in Brussels
(single ET law since 2003), and did not result in an increased
pregnancy rate.

So far, no misdiagnosis has been reported. However, we realise that
the choice of PGD to avoid TOP, the late onset of HD and the limited
risk of misdiagnosis have led to a low uptake of control PND (21 tests/
84 clinical PGD pregnancies) with a predominance of Belgian
couples."*1> We presume that counselling differences may have con-
tributed to the different numbers of control PND in the three centres.
Moreover, presymptomatic testing for HD in newborns or older
children is not recommended by the European Society of Human
Genetics.?® In consequence, the chances of tracing a misdiagnosis after
PGD for HD within two or three decades will be very limited.!4

Reproductive history

In Strasbourg, significantly more couples (51%) opted for exclusion
PGD than in Brussels (33%; P=0.0065). In Australia, the proportion
of exclusion PGD was 33%, which is comparable to Brussels.?!>*> One
might speculate that the increased interest in exclusion PGD in France
is due to the relatively low uptake of presymptomatic testing for HD
in France compared with Belgium and the Netherlands.>* The position
of the French Huntington Associations in favour of exclusion testing,
coupled with counselling differences, may contribute to this difference.
Another explanation might be that, since the first application of
exclusion PGD, exclusion PND was no longer offered in France
(personal communication, Moutou). The reluctance of couples to
face PND and TOP, as well as the reluctance of care providers to offer
(exclusion) PND for HD, may also be a reason for this reduction. A
remarkable finding was that in Strasbourg there were eight couples
who had a TOP without PND, compared with one in Maastricht and
one in Brussels. The reproductive histories of couples opting for PGD
exclusion testing showed relatively fewer pregnancies and significantly
fewer pregnancy terminations after PND (P=0.0027) compared with
couples opting for PGD with direct testing. We conclude that couples
opting for exclusion testing are more likely to choose PGD, whereas
couples opting for direct testing more frequently choose PGD after a
history of TOP. This may support the view that prenatal exclusion
testing with subsequent TOP is even more difficult for at-risk couples
than PND with subsequent TOP for definite HD carriers. After
exclusion PND, 50% of the terminated pregnancies will in fact be
unaffected, whereas after direct PND all terminated pregnancies will
be truly affected.

Our study shows an exact 50:50 male:female ratio (n=331) with
respect to the HD carriers or at-risk persons at PGD intake. This ratio
is somewhat different from the 40:60 (male:female) ratio reported for
couples opting for presymptomatic testing,>> and to the 40:60
distribution among the couples opting for PND.*4364041 Whether
these differences are true or biased, perhaps because of small sample
sizes, remains to be elucidated.

PGD approach

During the period covered by this study, PGD procedures for each
centre evolved from simplex PCR for the CAG repeat length to
multiplex PCR in which several microsatellite markers flanking the
HTT gene are combined alone or with the CAG repeat. With the
increasing number of markers applied, the chances of couples being
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Table 5 Summary of cycles, pregnancies and babies
Brussels Maastricht Strasbourg Total
Direct  Exclusion Total Direct  Exclusion  Total Direct  Exclusion  Total Direct Exclusion Total
Intakes 78 38 116 91 9 100 56 59 115 225 106 331
Couples started 55 27 82 42 1 43 25 24 49 122 52 174
Cycles to ET (couples) 116 (50) 51 (24) 167 (74) 72(36) 3 (1) 75(37) 35(15) 33(16) 68(31) 223 (101) 87 (41) 310(142)
Clinical pregnancies (couples) 31(25) 15(14) 46(39) 21(19) 0 21(19) 7 (5) 10(8) 17(13) 59 (49) 25(22) 84 (71)
Ongoing pregnancies 28 (23) 15(14) 43(37) 19(17) 19(17) 7 (5) 10(8) 17(13) 54(45) 25 (22) 79 (67)
Babies born (couples) 29(22) 15(13) 4435 25(17) 25(17) 8(5) 13(8) 21(13) 62 (44) 28 (21) 90 (65)
Clinical pregnancy rate/cycle to ET  24.1% 29.4% 25.7%  26.4% 25.7% 20.0% 30.3% 25.0% 24.2% 29.1% 25.6%
Delivery rate/cycle to OR 20.0% 20.9% 20.3% 23.2% 0% 22.1% 12.7% 21.7% 16.8% 19.5% 20.5% 19.8%
Delivery rate/cycle to ET 23.3% 27.5% 24.6% 26.4% 0% 25.3% 20.0% 30.3% 25.0% 23.8% 27.6% 24.8%
Delivery rate couples started? 40.0% 48.1% 42.7%  40.5% 39.5% 20.0% 33.3% 26.5% 36.1% 40.4% 37.4%
Abbreviations: ET, embryo transfer; OR, oocyte retrieval.
2Couples with >1 baby/couples started.
Table 6 Uptake PGD for HD in the three countries
10-Year uptake:
Reproductive PGD intakes/ PGD intakes/ PGD started/ PGD started/
Population population at PGD at-risk year/at-risk PGD at-risk 10 year/at-risk
size risk for HD? intakes Years population population started population population
Belgium 11 Million 412.5 71b 14 (1995-2008) 17.2% 1.23% 49¢ 11.9% 8.5%
The Netherlands 16 Million 600 100 14 (1995-2008) 16.7% 1.19% 494 8.17% 5.8%
France 63 Million 2362.5 142¢ 9 (2000-2008) 6.01% 0.67% 79f 3.34% 3.7%

2Reproductive population was estimated approximately half of the at-risk population; at-risk population according to Conneally: five times the number of affected persons with a mean prevalence of

7.5 per 100000 citizens.
bIn Brussels, 71 of all 116 intakes were Belgian couples.
¢In Brussels, 49 of all 86 couples who started PGD were Belgian couples.

dAll of the 6 pending couples in the Netherlands continued to start PGD after data collection; making a total of 49 started couples.
€Two PGD centres in France perform PGD for HD: 115 intakes in Strasbourg and 27 intakes in Montpellier.

fIn France, 61 couples started PGD for HD in Strasbourg and 18 in Montpellier.

unsuitable for PGD because of non-informativity have decreased over
the years.>” In addition, this combined approach improves the
reliability of the proposed tests.

The number of couples rejected after PGD counselling is signifi-
cantly higher in Maastricht (16%) than in Brussels (3.4%) and
Strasbourg (8%), even after subtracting the exclusion PGD requests
in Maastricht (12%, 11/91). One causative difference is that before the
introduction of marker testing, half-informative couples were rejected
in Maastricht, whereas they were treated in Brussels. In Strasbourg,
PGD was combined with linkage analyses for all half-informative
couples, from the beginning. Maastricht introduced marker testing for
HD 2 years later (2006) than Brussels and Strasbourg (2004).>°
Moreover, the inclusion criteria for IVF in Maastricht are stricter
than in Brussels and Strasbourg. A considerable proportion of couples
(18%) refrained from PGD after intake, and 10% of the couples were
lost to follow-up after intake. The relatively high number of couples
lost to follow-up in France could be because of the distances the
couples had to travel to the PGD centre in Strasbourg, as well as
because of the long delays between intake and PGD.

Uptake

France had a lower uptake of PND between 1993 and 1998 (0.12.
PND per million) compared with other European countries
studied (Belgium 2.9 PND per million, The Netherlands 5.7 PND
per million).>* Calculating the PGD uptake, we used the 1:5
(HD prevalence:50% HD risk) ratio proposed by Conneally.?8
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As the PGD population consists of both couples at a 50% risk and
confirmed presymptomatic carriers, we did not correct for the
presymptomatic HD carriers as recently proposed.*? The 10-year
uptake of PGD for HD in Belgium in the at-risk population in the
reproductive age was 8.5%, in the Netherlands it was 5.8% and in
France 3.7%. In the first few years after the implementation of PGD,
the yearly data showed some fluctuation, but after a gradual increase
the yearly implementation of PGD is now showing more stability. If
we consider the proportion of exclusion testing in Brussels and the
proportion in Strasbourg, the uptake of direct testing in Brussels and
the Netherlands shows great similarity. In addition, the uptake
of exclusion PGD in France and Belgium seems quite similar. The
limitations of our uptake calculations are the limited period of study
and the time lapse between the intake of PGD couples and their first
cycle, making it difficult to define the right period. Furthermore, many
refraining couples are still of reproductive age and might still reconsi-
der starting PGD. In a previous study on heterogeneous PGD
candidates, we observed that 5% of the couples actually starting
PGD had refrained from PGD previously.*> For a more accurate
calculation of the PGD uptake in the future, a longer period should be
studied excluding the first years of implementation of PGD.

CONCLUSION

We conclude that in the past two decades PGD has become an
appropriate reproductive option for couples at risk of transmitting
HD. For the relatively large number of at-risk persons who decide to



remain uninformed about their own carrier status, exclusion PND or
exclusion PGD are options leading to biological offspring free from
HD. The availability of exclusion PGD for countries where it is not yet
permitted has to be reconsidered, as it is clear that this procedure
supplies a need. Finally, the importance of proper genetic and
reproductive counselling for all couples considering PND or PGD
should be emphasised.
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