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Abstract

Purpose:

There is little long-term, population-based data on uptake of prenatal d=prosi
Huntington Disease (HD) a late-onset autosomal dominant neuro-daijendisorder
and the effect of the availability of preimplantation genetic diagnosis (PGBjlies’
decisions about conventional prenatal diagnosis is not known. We repats in prenatal
diagnosis and pre-implantation diagnosisHd@ in the United Kingdom since services

commenced.

Methods:

Long term UK wide prospective case record-based service evalirafi@riUK Regional
Genetic Centres 1988-2015, and four UK PGD centres 2002-2015

Results:

From 1988- 2015, 479 prenatal diagnoses were performed in the UK for HD. An exclusion
approach was used in 150 (31%). The annual rate of HD PND has remained ardibd 18 (
/ million) over 27 years, despite a steady increase in the use of PGIDfsince 2002
Conclusions:

Although increasing number of couples are choosing either direct or excRGID to

prevent HD in their offspring, both direct and exclusion prenatahdisig remain

important options in a health system where both PGD and PND are sidéel fi\t risk

couples, should be informed of all options available to them, preferabjyregaancy.

Introduction



HD is an autosomal dominant neurodegenerative disease characterised by cognitive
decline, movement disorder and frequent psychopathology, leadiegtio aver 16- 25
years. Onset is most often in a person between the ages of 30 and 50 yeaay, tel
earlier or latey. Growing-up with an affected parent can present a significant psychological
burden for those at ridkThose at risk of HD have a number of reproductive options
Many choose to accept the 50% risk of each child being affected, some ahoarsain
childless, adopt a child or use gamete donors. The identification lagénif the HD locus
resulted in the additional option of prenatal diagnosis (PND) and termimdtidfected
pregnancies, or increasingly, the possibility of pre-implantation genatiodsis (PGD) to

select mutation-negative embryos conceived by in-vitro fertilisgt\R).

Pre-symptomatic predictive testing and prenatal diagnosis (PND) in KB agparadigms
for testing in other late-onset genetic neurodegenerative disorders sachilal early-
onset Alzheimer Disease. Family based linkage studies have been used to offertPdD in
UK since 1988. Direct mutation testing became possible in 1993 withsbevery that a
triplet repeat expansion within exon 1 of the gene Huntingtin caseiseaske Fetal

DNA samples for PND can be taken using chorionic villus sampling (CVS) from 11 weeks’

gestation, and from around 15 weeks by amniocentésiguver, the only therapeutic option

for couples who are found to have a fetus at high risk is termination of pregnancy However,

are-to-aveid-the-birth-of-an-affected-chils HD is typically a late onset condition, prenatal

testing is not offered for information onbeeause-thisecause it would be tantamount to

predictive testing of a child for an adult onset conditioneetidresultin-a-predictive-testing-of a
child-feran-adult-onseteonditioGenetic counselling carefully addressgstheseissues




in reproductive decision making. In pre-implantation genetic diag{B$€D), couples
avoid the need for termination through embryo biopsy and genetic testngbojos
created prior to implantation using in vitro fertilisatoRGD for HD was first reported in

1996.

Some couples who use reproductive technologies to avoid having a child affe&tbd b
have undergone predictive testing and know that they carry the HD genehloases,
PND is tpically performed using “direct” testing of the pregnancy for the HD gene
mutation. Those at risk who wish to avoid passing on the gene but do not fwshdat
their own HD status, can us@ approach termetiexclusion”,-o¢ “indirect” testingr

“nondisclosing testing- TraditionallyDNA markers linked to the HD geree weraused

to establish which grandparent contributed the HD gene passed to the fettisefratrnisk
parent: the affected grandparent or their spouse. If the fetissbainherited the gene
from the affected grandparent, this excldsithe mutated HD gene in the pregnancy or
embryo. Exclusion testing, whether applied through PND or PGD, alloves-tiek parent
to avoid discovery of their genetic risk. However, this means that parentdontat have
the mutated HD gene, may terminate an unaffected pregnancy or disatiettaa
embryos that happen to share the affected grandparental haplotymeas &h50%

chance that this haplotype harbours the mutated gene, and a 50% chance that it harbours t

normal copyln recent years, many services have replaced the use of linked markiés i [porma“ed; Not Highlight

prenatal testing withon-disclosure of mutation test results to avoid incorrect results,

leading to the term “nondisclosing testing” being used in the US. In the UK, exclusion

testing using linked markers has continued in PGD to avoid incorrectsrésultigh allele

dropout.



In the UK access to PND is overseen by NHS boards/trusts and professiomeksagbut
access to PGD is regulated by the Human Fertilisation and Embryolabgrity (HFEA).
Before 1993, prenatal diagnosis for HD was performed using linkage an&gsh direct
and exclusion PND have been available in the UK since 1993, free at thefpzane
through NHS public funded healthcare. Direct PGD for HD was licensed in theodK fr
2002, and exclusion PGD from 2009. NHS funding for direct and exclisin testing
for HD is now widely available free of charge to couples at risk across the diavhot

already have a child and fulfil other NHS funding criteria for PGD.

With better awareness of reproductive risks and options within families, and increasing
optimism driven by global research efforts in HD treatment and bettealbiiajl of PGD,

we hypothesised that the request rate for PND might be in decline.

Data on HD PND has been systematically retrospectively collected fromraiyi@®al
genetic centres on an annual basis since testing began 27 years ago. Resultdifsim the
years 1994-1998 have been repottetere we describe the trends in PND in the UK since

inception of these services, and compare these with available data on UK PGD uptake.
Material and Methods
Study population

Members of the UK predictive testing consortium retrospectively gtdghannual
anonymous data on prenatal diagnosis uptake from 1987 to 2015, using the readaaco

format for most of that time.



The number of PGD cycles performed each year for HD in the UKmesgted by Guy’s
Hospital, the Centre for Reproductive and Genetic Health in London, the Weésteenal

Hospital in Edinburgh and the CARE Centre in Nottingham

Ethics

“UK predictive testing for Huntington's disease group annual prenatal testing audit” has

been given formal approval by National Health Service (NHS) Grampiardneie 3992)

and the Caldicott guardian as a national audit, and therefore did noeradditional IRB /

ethics approval.

Endpoints

Numbers of cases and the types of test were recorded annually and presented at the annual
HD Consortium meetings. Additional data were gathered on age, sex of the at-rigk,part
predictive testing status of the at-risk partner, timing of predictive testihg®gpect to

the pregnancy, mode of prenatal diagnosis (direct or exclusiorgjestsults of prenatal
diagnosis and pregnancy outcome. Available PGD data included thenafrdouples

undergoing treatment and the total number of cycles commenced.
Statistical analysis

Analysis of case frequency was performed in all cases. Detailed information was available
for 411 PND cases. Data were analysed using IBM SPSS version 23, and thea@d squ

test of proportions.



Results

From 1988 to 2015, 479 prenatal studies were performed across 23 UK centresrekh ind
(exclusion) approach was used in 144 (31.2%; Figure 1). Testing rates wéreftwesthe
identification of the gene in 1993, and 1994 saw the highest number of testsae @@yt
From 1995- 2015, the rate of PND has remained modest but steady, with a mean of 18

pregnancies per year being tested.

Detailed case information was available for 411 PND pregnancies. The at-risk pasent w

female in 51%Figure-3) Forty-five percent of the at-risk PND parents—Fhe-majerity-of at-

risk-PNB-paren{s had undergone pre-symptomatic predictive testir@pahed-wndergene [Formatted; Not Highlight

pre-symptomatic-predictive-testing(84%) had undergone diagnostic teetihg15.8% of {Formatted: Not Highlight

these predictive tests were performed dutirepregnancy. [Formaued: Not Highlight

Direct mutation testing was performed in 62.5% of PND, with the exclusion approach

being used in 37.5 %&.he vast majority of fetuses at 50% risk underwent a direct mutation

test (97%). In contrasivhere the fetal prior risk was 25% or less, an exclusion (non-

disclosing) approach was used in 58%.

The fetus was found to be affected by HD in 53% of direct PND cases, and 90.2% of these
pregnancies underwent termination. The remaining 12 (9.8%) were continudtthgesu

the parents being aware that the child would one day develop HD. Only onadffected
pregnancy was reported to have been termingdiggire-4) Of the exclusion tested
pregnancies, termination was performed in 87.5% with a high-risk result, and #iringm

9 (12.5%) continued. None of the low risk exclusion pregnancies underwmairtagon.

In these 21 continued affected and high-risk pregnancies, the at riskédffiecent was



more often the mother (56.3% vs 43.7%), whereas in terminated pregnanciesske at
parent was more often the father (52.9% vs 47-@B4)pre-5) however neither of these

differences reached statistical significance (two tailed Chi-square, p=0.1616).

From 2002 to 2015, 305 PGD cycles were performed in the UK for HD. The annual

number of PGD cycles has increased steadily over time (Figure 2).

Discussion

PND has been available in the UK since 1988. Other than a peak in the yebr geadd
was identified, the rate of uptake of PND has remained modest and remarkably siemilar o
more than two decades. The annual number of PGD cycles has steadily increased since UK

licensing of the procedure in 2002.

Exclusion testing remains an important option for couples at risk, witind one third of
PND in the UK using this method. Intriguingly, available data suggest&xclusion
testing is used more often in PGD (personal communication; data not asava

available for all centres).

Both at risk men and at-risk women choose PND and PGD. Around 15% ofspanent

symptomatic at the time of reproductive testing.

During our 27-year study period, the UK population grew from 56.93 million .til65
million, thus the annual rate of HD PND has fallen from to 0.316 per millior2i&6(er
million. The rate of HD PGD cycles was 0.463 per million in 2015. Taking intauattoe
prevalence and incidence of EiDve have estimated that the order of magnitude for the

uptake of PND or PGD in 2015 was at least 3.0% of at risk births pregnancies (see
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supplementary information). Despite the rising uptake of PGD for HD abternajority of

UK pregnancies at risk of HD continued to remain untested.

Access to PND and PGD funding varies worldwide. In the UK, both PND and PGD for HD
is fully publicly funded for couples by the NHS and is generally co-orgéhtiirough

Genetic Regional Centres. Although in some areas (e.g. Scotland) PGD atinetiso
couples without a child, we propose that our data indicate couples’ behaviour in an

environment where at least some real choice is available.

As genetic diagnosis of HD is only provided in the UK by the NHS, our data repeaesen
true nationwide picture, in contrast to other countries where a markevatepgienetic

testing limits data access. A small proportion of these UK cases have been reported in a
European seri@sHowever, only a few studies have reported national experience of PND
for HD, with reports from Canadfa Australid! and the Netherlanés but these reports did

not capture the transition to PGD.

Van Rijj et al*? reported a series of 126 Dutch HD prenatal diagnoses. 82% of affected
pregnancies in that series resulted in termination, in contrast to 90% in our BK Jhey
estimated that in the Netherlands 22% of at risk couples used PND when pregnant. An
adjunct paper analysing the uptake of PGD found that couples opting for R&D af
pregnancy were more likely to have terminated a previous affected prgghandhose

undergoing PND alone (87% vs 55%)

In the present study, other factors may play a role. In the UK, fundirmpfbrPND and
PGD is provided by the NHS; although the support for PGD is more linNte8.funding

for PGD is limited to 3 cycles or one successful pregnancy, if couples haistimge
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unaffected child together they would often be unable to access PGie biHS. There are
also restrictions for NHS funding based upon the female parte, body mass index,

the smoking status, alcohol and illegal drug use of both partnersniuhds excludes
those who had successful PGD/PND previously and also those who have nbitse

have a test and therefore do not know the genetic status of their current child

In addition, some feel that the option of PGD in the UK is restricggtidogeographical
location of the few centres that are licenced to offer NHS funded PGD. Thereforés PGD
not freely available to all couples at risk. In the Netherlands, exclusiso known as
‘non-disclosure’ - PGD is banned by law, so that those who wish to use this approath m
travel to a different country such as Belgium. In contrast, the magdritf)< PGD uses

exclusion.

There is no European registry of prenatal diagnosis for genetic disordets European
Society of Human Reproduction (ESHRE) maintains a PGD registry. The latestfrepor

2010 found that, of 1574 cycles performed for monogenic disorders, 158 (10&dpwer

HD. Across the ESHRE dataset, the pregnancy rate for PGD was 22%, with 2 of 10 couples
undergoing embryo transfer achieving a pregn&néiD has become the most common
indication for monogenic PGD in the UK, with pregnancy rates are 34% glet ayth a

live birth rate of 23% for fresh embryo transfer and 18% for frozen fi@98-20125. The

latest data available from HFEA reported a 25.6% live birth per initiated cy2@ 1645,

In choosing between PND and PGD couples balance personal, ethical, culturaaiimd h
issues. Many couples consider the concept of PGD as more attractive than PND when
planning a future pregnancy, as it avoids termination of affected pregnamtitgean

procedure-associated loss of a normal pregnancy. However, the risks and stresses of PGD
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also bring their own burdens, coupled with a lower chance of a successful pregnancy
outcomé” and the extra risks such as hyperstimulation syndrome, surgicabksygion
and obstetrical complications. In contrast, the main risk associated to pdéagimmsis,

amniocentesis or chorionic villi sampling, is around a 1% pregnancyiséiss r

Patterns of CVS and amniocentesis usage are changing rapidly with the achamt of
invasive prenatal testing (NIPT) for screening Down syndrome and otheslaigées and
noninvasive prenatal diagnosis (NIPD) for some de novo paternabgeoic disorders
using fetal free DNA. A case of NIPD for HD was recently repéftelthough Van den
Oevet8 demonstrated the proof of principle that free fetal DNA can be usedefor th
diagnosis of HD, the intrinsic technical challenges of sequencing f@iet tepeat
disorder means that this technique is not available in the UK and thatynaef European
countries. A linkage-based approach may be preferred, as often used in PGDaod HD

other monogenic disorders. Funding for NIPD in the UK is curdintited.

Further studies of the social and health economic consequences of PND aadePGD
required to understand the full effect of these reproductive technologies for the blurden o
disease in families affected by HD. Our data suggest that a long-term gioligking
reproductive technologies available on a population basis free at the point loaAsded to

a small reduction in HD births in the UK, but the principal motivat@rservice provision
has to remain the wish to support patients and families in facing and euffintyis

disease. Families with HD require support to face the challenges of this dindasdead

lives, as individuals and families, that are as full and rewarding as can beeathi

The cost of PND is around £210 plus clinic costs and of PGD is around £12,00@i(edmp

with an IVF cycle costs of around £7,500). These costs are easily outweigtied b
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lifetime medical and social care costs of HD that are averted by decisiansid having
an affected child. The UK health care funding model offers couples the opportunity t
choose between PND and PGD, and thus we propose that our results reflect couples’

wishes for testing when largely unencumbered by financial consideration

Although testing rates have been captured reliably through the course ofttphedstailed
data for 12% of cases is missing due to the challenges of data collection in widation
study over three decades and without specific funding. Only minimal and anas yaia
were collected, to maintain participation, but PND rates may be slightly teptated.
PGD data were obtained directly from all UK centres currently offering.AFGB number
of PGD cycles are not equivalent to PND rates as they do not always resulhioa cli
pregnancy or live birth. The likely level of under ascertainment does not alter our

conclusions.

In conclusion, this is the longest running study reporting national ratesnaftarand pre-
implantation diagnosis for a neurogenetic disorder. Prenatal diagbgdioth direct and
exclusion test methods, is as popular in the UK now as a generation ago. Therate of
implantation genetic diagnosis for HD is rising, with many couples seekihgsext
testing. Thus, compared with 20 years ago, more at-risk couples seek toigwvajdbigth

to children that will later develop HD. Couples including one partneslabf HD should
be offered non-directive information about the reproductive options,rpggrgncy advice

and access to both direct and exclusion PND and PGD.

Acknowledgements



14

We are grateful to UK genetics centres for supplying the data, and Kirstyelstahi

Vivien Vaughan and Stella Sihlabela for collating data.

Disclosures

All authors declare no conflict of interest.

References

1. Ross CA, Aylward EH, Wild EJ, Langbehn DR, Long JD, Warner JH, Scahill RI, Leavitt
BR, Stout JC, Paulsen JS, Reilmann R, Unschuld PG, Wexler A, Margolis Rizi=br
Huntington disease: natural history, biomarkers and prospects for thecapBiati Rev

Neurol. 2014;10(4):204-16.

2. Forrest Keenan K, Miedzybrodzka Z, van Teijlingen E, McKee L, Simpson SA. Young
people's experiences of growing up in a family affected by Huntirytlisease. Clin

Genet. 2007;71(2):120:

3. de Die-Smulders CE, de Wert GM, Liebaers |, Tibben A, Evers-Kiebooms G.
Reproductive options for prospective parents in families with Huntington'ssdisgaical,

psychological and ethical reflections. Hum Reprod Update. 2013;19(3):304-15.

4. The Huntington's Disease Collaborative Research Group. A novel gene cordaining
trinucleotide repeat that is expanded and unstable on Huntington'sedidgamosomes.

Cell. 1993;72(6):971-83.

5. Brezina PR, Kutteh WH. Clinical applications of preimplantation geiegtiing. BMJ.

2015;350:g7611.



15

6. Schulman JD, Black SH, Handyside A, Nance WE. Preimplantation genetic testing for
Huntington disease and certain other dominantly inherited disordars$Géhet.

1996;49(2):578.

7. Simpson SA, Harper PS; United Kingdom Huntington's Disease Predizisortium.
Prenatal testing for Huntington's disease: experience within the Uk1%88!l J Med

Genet. 2001;38(5):338-

8. Evans SJ, Douglas |, Rawlins MD, Wexler NS, Tabrizi SJ, Smeeth L. Prevalence of
adult Huntington's disease in the UK based on diagnoses recorded in geatie pr

records. J Neurol Neurosurg Psychiatry. 2013;84(10):1156-60.

9. Simpson SA, Zoeteweij MW, Nys K, Harper P, Durr A, Jacopini G, Yapijakisvers-
Kiebooms G. Prenatal testing for Huntington's disease: a European collabetatly. Eur

J Hum Genet. 2002;10(11):689-93.

10. Creighton S, Almqvist EW, MacGregor D, Fernandez B, Hogg H, Beis J, Welch JP,
Riddell C, Lokkesmoe R, Khalifa M, MacKenzie J, Sajoo A, Farrell S, Robert lgaBiy
Summers A, Meschino W, Allingham-Hawkins D, Chiu T, Hunter A, Allanson J, Hare H
Schween J, Collins L, Sanders S, Greenberg C, Cardwell S, Lemire EedbPl.Hayden
MR. Predictive, pre-natal and diagnostic genetic testing for Huntington'selisba

experience in Canada from 1987 to 2000. Clin Genet. 2003;63(6§%162-

11. Tassicker RJ, Marshall PK, Liebeck TA, Keville MA, Singaram BM, Richards FH.
Predictive and pre-natal testing for Huntington Disease in Australidtsesu challenges

encountered during a 10-year period (1994-2003). Clin Genet. 2006;70(8):480-



16

12. van Rij MC, de Koning Gans PA, Aalfs CM, Elting M, Ippel PF, Maat-Kigit
Vermeer S, Verschuuren-Bemelmans CC, van Belzen MJ, Belfroid RD, Losekoot M,
Geraedts JP, Roos RA, Tibben A, de Die-Smulders CE, Bijlsma EK. (201daat&lr
testing for Huntington's disease in the Netherlands from 1998 to 2008. Ckt. Gen

2014;85(1):78-86. doi: 10.1111/cge.12090.

13. van Rij MC, de Koning Gans PA, van Belzen MJ, Roos RA, Geraedts JP, De
Rademaeker M, Bijlsma EK, de Die-Smulders CE. (2014b). The uptake and oatcome
prenatal and pre-implantation genetic diagnosis for Huntington's diseiseNmetherlands

(1998-2008). Clin Genet. 2014;85(1):9%-

14. De Rycke M, Belva F, Goossens V, Moutou C, SenGupta SB, Traeger-Synhdinos
Coonen E. ESHRE PGD Consortium data collection XIlI: cycles from January to
December 2010 with pregnancy follow-up to October 2011. Hum Reprod.

2015;30(8):1763B9.

15. Sharpe A, Avery P, Choudhary M. Reproductive outcome following pre-itatitam
genetic diagnosis (PGD) in the UK. Hum Fertil (Camb). 2017:1-8. doi:

10.1080/14647273.2017.1336259.

16. Human Embryology Fertility Authority. 2016. Fertility treatment 2014nds and
Figures. Available at:

http://www.hfea.gov.uk/docs/HFEA_Fertility _treatment_Trends_and_figures_2014.pdf

17. Miedzybrodzka Z, Templeton A, Dean J, Haites N, Mollison J, Smith N.
Preimplantation diagnosis or chorionic villus biopsy? Women's attitudgsrafetences.

Hum Reprod. 1993;8(12):219-



17

18. van den Oever JM, Bijlsma EK, Feenstra |, Muntjewerff N, MathijssendBkds E,
van Belzen MJ, Boon EM. Non-invasive prenatal diagnosis of Huntington disease:
detection of the paternally inherited expanded CAG repeat in maternal plasmeat. Pr

Diagn. 2015;35(10):948-

FiguresLegends
Figure 1. Number of prenatal diagnosis cases for HD in UK, in the period ofithe st

(1988-2015). Red bars refer to direct testing and blue bars to exctesting.

Figure 2. Comparison of prenatal diagnosis (PND) vs preimplantation gerefiodis
(PGD) since 2002. Red line refers to PND direct testing, blue line ewltesting, black

line the totatand-deotted-ine-the-trend-during-the periGdeen line displays the number of

P GD-in vitro fertilisation cycles.
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Supplementary (Appendix, online only material, etc.)

Supplementary Infor mation
Estimation of PND/PGD uptake in 2015.

The estimate of the percentage of HD at risk births undergoing prenatal diagnosis or PGD
was estimated based upon:

1) The denominatornumber of 12-week pregnancies at 50% risk:

The UK population in 2015 = 65,110,000

Assuming a prevalence of 10/ 100,000 gives 6511 cases

Assuming a disease duration of 18.8 years gives an incidence of 346.3 per year in the UK

A distribution for the age of onset was assumed as reported in Harper & Newcombe 1992.
Standard life tables were used to estimate that there would need to be 365.3 births per year
to maintain this incidence. Using a pregnancy loss rate of 4 % at 12 weeks (Avalos et al
2012) it would require 380.5 twelve week embryos, and therefore 761.1 embryos were at
50% risk.

2) The numerator for the prenatal tests:

The number of direct tests is 10. The number of exclusion tests is 7, but half of these would
have been unnecessary if the parents had all been tested - so we have 3.5 tests of
pregnancies at 50% risk. So, the annual total number of prenatal tests is 13.5.

3) The numerator for the PGD tests:

The numerator for direct PGD tests is 36 / 80 (basa@ugrs PGD data collected for this
study) x 52 PGD tests = 23.4 tests.

The numerator for the exclusion PGD tests is 44 / 80 x 52 PGD tests = 28.6 tests (which
means that 28.6 / 2 = 14.3 tests were for pregnancies at 50% risk).

The annual total number of PGD tests at 50% risk was 23.4 +14.3 =37.7

Only 25% of PGD cycles result in a pregnancy (Sharpe et al., 2017) so the number of live
births following HD-PGD testing is 9.4.

Overall, the testing proportion is thus around (13.5 +9.4) / 761.1 = 3.0%.

We cannot assume that all those undertaking a pregnancy were aware of their risk. There
are no estimates for this but, if half of those undertaking a pregnancy were aware of their
risk, the uptake would be 6.8%. If estimates of those aware of their risk were closer to 25%



or 75% then the uptake would be of the order of magnitude of 13.6% and 4.5%
respectively.
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