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An urgent need for a change in policy revealed
by a study on prenatal testing for Duchenne

muscular dystrophy

Apollonia TJM Helderman-van den Enden*!* Kamlesh Madan!, Martijn H Breuningl,
Annemieke H van der Hout?, Egbert Bakker!, Christine EM de Die-Smulders® and Hendrika B Ginjaar1

Prenatal diagnosis for Duchenne muscular dystrophy (DMD) was introduced in the Netherlands in 1984. We have investigated
the impact of 26 years (1984-2009) of prenatal testing. Of the 635 prenatal diagnoses, 51% were males; nearly half (46%)
of these were affected or had an increased risk of DMD. As a result 145 male fetuses were aborted and 174 unaffected boys
were born. The vast majority (78%) of females, now 16 years or older, who were identified prenatally have not been tested for
carrier status. Their average risk of being a carrier is 28%. We compared the incidences of DMD in the periods 1961-1974
and 1993-2002. The incidence of DMD did not decline but the percentage of first affected boys increased from 62 to 88%.
We conclude that a high proportion of families with de novo mutations in the DMD gene cannot make use of prenatal diagnosis,
partly because the older affected boys are not diagnosed before the age of five. Current policy, widely accepted in the genetic
community, dictates that female fetuses are not tested for carrier status. These females remain untested as adults and risk
having affected offspring as well as progressive cardiac disease. We see an urgent need for a change in policy to improve the
chances of prevention of DMD. The first step would be to introduce neonatal screening of males. The next is to test females
for carrier status if requested, prenatally if fetal DNA is available or postnatally even before adulthood.
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INTRODUCTION

Duchenne muscular dystrophy (DMD), an X-linked recessive disease
leading to relentless loss of muscle tissue, is clinically diagnosed
around the age of five.! The mean age of survival is 25 years. The
incidence of DMD is roughly 1 in 3500 live male births.> Becker
muscular dystrophy (BMD), a milder variant of DMD, has an
incidence of 1 in 18450 males. De novo mutations account for one-
third of the DMD patients.’> The importance of prevention has been
much emphasized as no curative therapy is available. Women at risk
can be offered genetic counseling and carrier testing. Options for
carrier women include prenatal diagnosis, preimplantation genetic
diagnosis (PGD) or the use of donor eggs. With prenatal diagnosis,
no further testing to determine the carrier status is done if the fetus is
female. A male fetus is tested by direct analysis for a known familial
mutation to determine if he is affected. If a familial mutation is not
known, haplotyping is used to determine whether the fetus has a high
risk of being affected with DMD or BMD. The birth of these boys can
be prevented by terminating the pregnancy. With PGD, either female
or unaffected male embryos can be selected and transferred to the
uterus. First trimester prenatal diagnosis for dystrophinopathy has
been available in the Netherlands since 1984* and PGD since 1995.3
However, these strategies do not prevent the birth of boys with a
de novo mutation. The aim of this study was to determine the effect of

genetic counseling and the use of prenatal testing and PGD on the
occurrence of DMD and BMD in the Netherlands.

MATERIALS AND METHODS

Patients

We have used two sets of data, a postnatal cohort 1993-2002 to determine the
incidence of DMD and a prenatal cohort 1984-2009 to examine the results of
prenatal diagnosis. We have also included the result of PGD in the period
1995-2009.

Incidence

Most, and from 1997 onwards all, DNA diagnostics for DMD/BMD in the
Netherlands has been done in the Laboratory for Diagnostic Genome Analysis
at the Leiden University Medical Center. A mutation in the DMD gene has
been identified in more than 1000 patients in our laboratory since the start of
the service in 1984. The incidence of DMD was determined from the number
of DMD males born in the period 1993-2002 from our database in Leiden and
from the total number of live male births obtained from Statistics Netherlands
(www.cbs.nl). We chose this 10-year period, because before 1993 not all DMD
patients were referred to our laboratory for DNA analysis and not all patients
born after 2002 had been clinically diagnosed yet. The diagnosis of dystrophino-
pathy was considered certain only when a mutation that confirmed the clinical
diagnosis had been identified. This was done with MLPA and if no deletion or
duplication was found, high resolution melting curve analysis® was used.
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The incidence of DMD in the birth cohort 1993-2002 was compared with
the incidence of DMD patients born in the period 1961-1974 in the
Netherlands.” We further split the data on incidences from the 10-year
period into two 5-year periods: 1993-1997 and 1998-2002 to see if there
was a decline in the incidence in the second period with respect to the first.
Finally, we examined the family trees for the birth cohort 1993-2002 to
determine: (1) the carrier status of the mother, (2) whether the affected boy
was the first affected patient in the family and (3) if the boy was not the first
affected, whether the oldest affected boy was older than five at the time of the
birth of the younger one. We then compared the proportion of first affected
patients in this period to the proportion in 1961-1974 to determine if prenatal
testing had been used by DMD families to prevent the birth of subsequent
affected boys.

Pearson’s y-test was used to calculate the significance of difference between
the incidences.

Prenatal tests and PGD

Every woman in the Netherlands with an increased risk of having a son with
DMD/BMD is offered prenatal testing. PGD is done only upon request. We
examined the results of all the prenatal tests done in 26 years (1984-2009) and
PGD in 15 years of (1995-2009). The prenatal data are from the laboratories in
Leiden and the University Medical Center Groningen. Prenatal diagnosis was
done in Groningen also after 1997 in women from families wherein the
mutation had been identified there earlier. We recorded the date, the type and
the outcome of the test and the place of residence of the pregnant woman.
Tests performed on samples from outside the Netherlands were excluded from
the analysis. The PGD data on DMD/BMD cases was obtained from
Maastricht University Medical Center, where all the PGD in the Netherlands
are carried out.

RESULTS

Incidence

In the 10-year period (1993-2002) 216 boys with DMD were born.
With the exception of one boy born in 1994, none of them had been
tested prenatally. The clinical diagnosis in all the 216 boys was
confirmed by postnatal DNA analysis. The incidence of DMD was
about 1 in 4700 male live births (for the exact figures and confidence
intervals see Table 1). The incidence reported for the period
1961-1974 is about 1 in 4200 male live births’ (see Table 1). There
was no significant difference between the incidences in these two
periods (P=0.227). There was also no significant difference
(P=0.114) between the incidences in the two 5-year periods,
1993-1997 (1:4200) and 1998-2002 (1:5200).

Percentage of first affected patients in the DMD families

Of the 216 boys born with DMD in the period 1993-2002, 189 (88%)
were the first affected patient in the family (95% CI: 83-92%).
Analysis of maternal lymphocytes showed that 98/189 had a carrier
mother and in 91/189 the mutation had arisen de novo, but
mosaicism was not excluded in the latter group. In 27/216 (12%)
families there was an older affected family member. One of the 27 was
tested prenatally, the parents accepted the 33% risk indicated by

Table 1 Incidences of Duchenne

Number of DMD DMD incidence
Period male births  patients (95% ClI)
1993-1997 493769 117 1:4220 (3573-5154)
1998-2002 518210 99 1:5234 (4373-6518)
1993-2002 1011979 216 1:4685 (4134-5406)
1961-1974 (van Essen et al’) 1673791 397 1:4215 (3738-4831)

Abbreviations: Cl, confidence interval; DMD, Duchenne muscular dystrophy.

European Journal of Human Genetics

haplotyping and an affected boy was born in 1994. The remaining
26/27 families were not known to us before the birth of the second
boy; in 12 of these, the older affected boy was younger than 5 years.

In the cohort of 1961-1974, 62% (95% CI: 57-66%) of the boys
with DMD did not have an affected DMD relative.” This implies that
62% were the first affected in the family, in contrast to the above
mentioned 88% in the period 1993-2002.

Prenatal diagnosis

Figure 1 shows the results of 635 prenatal samples, including 28 from
Groningen, referred for DMD/BMD between 1 January 1984 and 31
December 2009. There were 322 (51%) male fetuses, 290 (46%)
female and in 23 (about 4%) testing was not completed. For details
see Figure 1. Figure 2 shows the number of female and male fetuses
identified per year. The decreasing number of females in recent years
can be attributed to the increasing use of maternal blood for fetal sex
determination.

Male fetuses. Figure 1 shows that 147 of the 322 male fetuses (46%)
were affected or had an increased risk of having DMD/BMD. The
number of these males found per year is shown in Figure 3. Figure 4
shows that the number of tests based on haplotyping has gradually
reduced over the years as the number of cases identified by direct
mutation analysis has increased. However, haplotyping is still used
if no DNA is available, because the index patient is deceased or
if prenatal testing is done in cases without a familial mutation. The
pregnancy was terminated in 145 of the 147 cases of affected or at risk
fetuses and two affected boys were born. The first is the above
mentioned boy born in 1994. The second, born in 1995, had BMD
and the pregnancy was continued on grounds that all
three affected family members were wheelchair bound only after the
age of 50.

There were 175 male fetuses with no increased risk (Figure 1) and 174
unaffected boys were born. There was one false-negative result where a
deletion was missed in 1989 by Southern blotting and multiplex PCR
and an affected boy, born in 1990, was diagnosed in 1993. Further
investigation revealed that the fetal DNA had been contaminated with
5-10% DNA from another person but we were unable to trace where or
when the contamination had taken place. This was before contamination
tests were implemented in our routine diagnostic laboratory in 1993.

Female fetuses. The carrier status of a female is usually determined
postnatally at the age of 16 or later. In general, therefore, no molecular
testing is done if a fetus is found to be a female. We divided the
290 females into two groups: those that were diagnosed before and
after 1 January 1993. The 111 girls that were diagnosed before 1993
are now between 16 and 26 years old (see Figure 1). Only 24 of
the 111 have been tested for the familial mutation, at an average
age of 17.5 years (Figure 1). This means that 87/111 (78%) have not
yet been tested. The average risk of being a carrier for these girls is
28% (Figure 1). Their mothers are either proven carriers, have an
increased risk determined by haplotyping or are potential germ-line
mosaics.®

As an exception to the rule, 6 of the 179 females diagnosed after
1993 were tested before adulthood, 3 prenatally and 3 postnatally.
Two fetuses were tested because they were at a risk of being affected as
they were 45,X/46,XX mosaics. The mother in the third case was
afraid that she might be a germ-line mosaic and did not want a
carrier daughter. One girl was tested at 2 because of delay in motor
development. Two girls were tested at the request of the girls and their
parents, one at the age of 11 and the other at 16.
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mutation analysis haplotyping mutation analysis haplotyping
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—
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—
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<« ‘ .
19 7el 6 mother found 4 reason not
(12 male and ;
. not to be a carrier traceable
one trisomy 21)
* 174 unaffected boys born and one case of false-negative result (see text).

o Three cases tested prenatally and three postnatally for carrier status (see text).

ok Includes ten cases with a 4.3% risk due to germ-line mutation.

=+ Termination of pregnancy after gender determination or karyotyping.

Figure 1 Results of 635 prenatal diagnoses in the period 1984-2009.

Preimplantation genetic diagnosis for dystrophinopathies

Sixty-six couples were referred for PGD for a dystrophinopathy in the
period 1995-2009. Most withdrew following extensive genetic coun-
seling; only 14 couples received the treatment with a total of 31 IVF/
PGD treatment cycles. The gender was determined using fluorescence
in-situ hybridization in all cycles and one or two female embryos were
transferred to the uterus. These treatments resulted in the birth of
seven healthy girls, three singletons and two sets of twins.

DISCUSSION

Effect of prenatal testing on the incidence of DMD

Our study has shown no significant difference in the incidence of
DMD between the birth cohorts 1961-1974 (1:4200)7 and 1993-2002
(1:4700), or between the two 5-year periods 1993-1997 (1:4200) and
1998-2002 (1:5200). Similar studies in Denmark and Canada have

also shown no decrease in the incidence in the last three decades,”!?
but the incidence in Australia has declined.!!

It should be noted that the methods by which the data were
obtained in the two periods were different. DMD patients in the birth
cohort 1961-1974 were diagnosed at a time when molecular testing
and immunohistochemical analysis of dystrophin in muscle tissue
were not yet possible.”

Effect of prenatal testing on known families
Prenatal testing has provided women in DMD families the possibility
of preventing the birth of an affected child. In the period of 26 years,
145 male fetuses that were affected or had a high risk of dystrophino-
pathy were aborted.

The most significant positive effect of prenatal testing in this
period was the birth of 174 unaffected boys in DMD/BMD families.
The parents in these cases have been spared the emotional burden of

European Journal of Human Genetics
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Figure 2 The number of female/male fetuses per year.
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Figure 3 The number of male fetuses with or at an increased risk of having DMD/BMD per year in the period 1984-2009.

having to abort a possibly healthy boy, which was always the major
drawback of prenatal diagnosis of X-linked disorders by sex determi-
nation only. PGD can offer some families the possibility of having
children without the burden of any abortion at all.

Prenatal testing: no option for parents of most DMD boys

Prenatal diagnosis is offered only to women who have a known
increased risk. A large proportion of women, 189/216 (88%) who
gave birth to a boy in the period 1993-2002 could not make use of
this preventive measure, because the affected patient was the first in
the family. This high percentage can be explained as follows. One in
three DMD patients is thought to have a de novo mutation but
empirical data show the number of de novo deletions, the most
common type of mutation in the DMD gene, to be as high as 57%.!!
Our own study indicates that a new mutation arose in 48%. However,
even if we consider the theoretical figure of one in three, one must
remember that the mutation is de novo not only in one-third of the
patients but also in one-third of the other two-thirds of the mothers

European Journal of Human Genetics

who are carriers. In theory, therefore, the total number of DMD
patients who are the first affected in the family is at least 56%
(1/3 de novo in the patient plus 1/3 x 2/3 de novo in the carrier
mother). This figure is remarkably close to the empirical data from
the sixties where the percentage of sporadic DMD patients was 62%.”
Thus, the high number of sporadic DMD patients appears to be
caused by the result of a relatively high rate of spontaneous mutations
that have arisen in the mother, in the grandparents or in even earlier
generations but which have not yet manifested in the birth of an
affected offspring.

Prenatal diagnosis was also not an option for most of the
remaining 12% (27/216) of the families with an older affected
relative. Information about DMD in the older boy was not available
at the time of birth in 26/27, in nearly half of them (12) the older
boy was younger than 5 years, the age at which DMD is generally
diagnosed. The parents could have opted for prenatal diagnosis had
they known about the older boy. To our knowledge, three studies
have addressed the question of whether neonatal screening leads to
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Figure 4 The number of male fetuses per year identified by direct mutation analysis and by haplotyping for an increased risk for DMD/BMD.

prenatal testing in subsequent pregnancies. A pilot study in 1993
showed that only 2/7 pregnancies of a second child were monitored by
prenatal diagnosis. The authors emphasize the influence of religion
and/or extremely poor social conditions in the other five families.!?
Two studies from 1998 have shown that families do assess their
reproductive choices as a result of earlier diagnosis; 2/2 and 10/12
subsequent pregnancies were monitored.'»'# Data from our prenatal
cohort 1984-2009 (Figure 3) show that known DMD families do use
prenatal diagnosis to prevent the birth of affected boys. A questionnaire
held among DMD families in the Netherlands indicates that parents are
in favor of early detection.!® Introduction of neonatal CK screening of
males would improve the chances of prevention of DMD in the future.

Increase in the percentage of first affected patients

The proportion of first affected boys in the family has increased
significantly from 62% in the birth cohort 1961-19747 to 88% in the
cohort 1993-2002. This indicates that the DMD families are more
aware of their increased risk and have made use of prenatal tests to
prevent the birth of a second affected boy as is shown in Figure 3. It is
also possible that some families with one affected child may have
decided not to have any more children.

Female fetuses and carrier testing

All professional recommendations agree that carrier testing of minors
for X-linked recessive disease should ideally be deferred.'® The
guidelines emphasize that the decision to test should be made by
the child when it reaches the age of maturity because in general
carrier testing has implications for the future reproductive prospects
of that child only and not of her parents. This view is based on the
basic ethical principle of informed consent, by which an individual
can freely give, without external pressure, her/his consent to be tested
after being informed of the benefits, risks, procedures and other
pertinent information relating to the carrier test. It is not possible to
predict whether or not a female heterozygous for a mutation in the
DMD gene will manifest any signs of the disorder. Also, being a
carrier of DMD is not lethal, as it is for boys who are affected.

The current policy for DMD, therefore, is that female fetuses are not
tested prenatally for carrier status.!” The parents are informed that their
daughters can be tested from the age of 16, because from that age onward
carrier females should be screened every 5 years for cardiomyopathy.'®
However, in practice the vast majority of the girls (78%) who are beyond
the age of 16 years have not yet been tested (Figure 1). We have also
shown that one in three women at risk of carrying a mutation in DMD
families have not been tested.'® Further studies are planned to find out
why potential carriers are not tested in these families.

One might say that the young potential carriers still have time to
undergo carrier testing before having offspring as the average age for a
woman to give birth to a first child in the Netherlands is 28 years
(Statistics Netherlands, www.cbs.nl). However, that does not take into
account the risk for cardiomyopathy, which is estimated to be around
10% at the age of 50 years; the youngest described carrier with
cardiomyopathy in the Netherlands was 28 years.!*?" Furthermore, a
recent study has shown that the cardiac abnormalities in carrier women
are as progressive as in DMD patients.?’ These women may not be aware
of the risk and implications of being a carrier. For some women it may
be too late as they may find out that they are carriers only after DMD is
diagnosed in a son or after experiencing (sometimes severe) cardiac
problems.?! A proactive approach of using a genetic register service to
contact the girls when they reach adulthood, as is done in the United
Kingdom,?? should be considered.

Parents in DMD families have great difficulty in communicating
with their children about the disease and its implications for the
future.”> They may struggle with the question of how to tell their
daughter that she has a risk of being a carrier. Our study has shown
that the average risk of being a carrier is 28%. So, it is cruel to subject
the parents to an ordeal, lasting years with this dilemma while the
average chance of not being a carrier is 72%. This problem could be
solved if the parents are given the choice of having their daughters
tested before adulthood at a time that is convenient for them, either
neonatally or later. In the families where fetal sexing has been done on
chorion villi or amniotic fluid and fetal DNA is available, the
possibility of carrier testing on female fetuses should be offered.
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Future prospects

The majority of DMD patients are now the first in their family. So,
prenatal diagnosis could not have been used as a means of prevention
in these cases. Boys with a de novo mutation can only be detected if
every pregnant woman is offered a prenatal test for the DMD gene.
This is not realistic at present, but it may change in the future with
the development of effective methods of testing the fetal genome in
the maternal serum.?* The problem of de novo mutations in women
could be solved by testing every prospective mother for mutations in
the DMD gene before conception, as is now increasingly possible for
severe autosomal recessive diseases.”> However, this would require
huge investments and is perhaps something for the future. Although
prenatal screening has been used to prevent the birth of a second
affected boy in the family, this was not possible in a large number of
the cases because the older boy had not yet been diagnosed as he was
younger than 5 years. For these cases, neonatal screening would seem
the easiest solution at present.

The difficulty is that neonatal screening for an untreatable disease is
prohibited by law in the Netherlands because of the requirement that
the child in question should derive real benefit from screening. The
situation may be about to change as treatments for DMD are now in
an advanced stage of development;zs’28 thus, neonatal screening may
become feasible even under the current legal restrictions. With this
expectation and the knowledge that the birth of the second affected
child can be prevented perhaps a case could be made for introducing
neonatal screening for boys sooner rather than later.

The most pressing matter for concern at present is that many girls
have not been tested. Considering the arguments given above, we
propose a change in policy, namely, that the parents should be given
the choice of having their daughters tested either prenatally if possible
or postnatally, also before adulthood when requested.

CONCLUSIONS

There was no significant change in the incidence of dystrophinopa-
thies in the Netherlands as a result of prenatal testing and genetic
counseling. However, we found evidence indicating that prenatal
testing has been used by families to prevent the birth of a second
affected boy. In the 26 years 145 male fetuses were aborted and 174
unaffected boys were born with the help of prenatal testing. Our study
has revealed two problems: (1) A high proportion of families with
de novo mutations in the DMD gene cannot make use of prenatal
diagnosis, exacerbated by the fact that older affected boys are usually
not diagnosed before the age of five; (2) Current policy dictates that
carrier testing is not done in female fetuses; the girls in DMD families
may be tested at 16 years. In practice, however, 78% of these girls who
are 16 years or older have not been tested. A carrier woman has a risk
not only of having a son with DMD but also of having progressive
cardiac disease herself. These facts, together with recent developments
that suggest DMD could become treatable in the near future, point to
an urgent need for a change in policy to improve the chances of
prevention of DMD in the future. The first is to introduce neonatal
CK screening of males and the second is to test females that are at risk
for carrier status prenatally if fetal DNA is available or postnatally
even before adulthood if requested by the parents.
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