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Abstract
Objective

We aimed to describe the population of subjects seeking presymptomatic counseling for
amyotrophic lateral sclerosis and/or frontotemporal dementia (ALS/FTD) and compared

them with those demanding the well-established presymptomatic test for Huntington disease
(HD).

Methods

We retrospectively examined the requests of a cohort of individuals at risk of familial ALS/FTD
and 1 at risk of HD over the same time frame of 11 years. The individuals were seen in the
referral center of our neurogenetics unit.

Results

Of the 106 presymptomatic testing (PT) requests from subjects at risk of ALS/FTD, 65% were
seen in the last 3 years. Over two-thirds of the subjects were at risk of carrying mutations
responsible for ALS, FTD, or both. Sixty-two percent of the subjects came from families with a
known hexanucleotide repeat expansion in C9ORF72. During the same period, we counseled
840 subjects at risk of HD. Subjects at risk of ALS/FTD had the presymptomatic test signif-
icantly sooner after being aware of their risk, but were older than those at risk of HD. The
youngest subjects requesting the test had the highest disease load in the family (p < 0.05).

Conclusions

Demands for PT for ALS/FTD have been increasingly growing, particularly since the discovery
of the C9ORF72 gene. The major specificity of the genetic counseling for these diseases is the
unpredictability of the clinical phenotype for most of the genes involved. Awareness of this
added uncertainty does not prevent individuals from taking the test, as the dropout rate is not
higher than that for HD.
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Glossary

ALS/FTD = amyotrophic lateral sclerosis and/or frontotemporal dementia; HD = Huntington disease; PT = presymptomatic

testing.

The increasing discovery of mendelian genes underlying the
familial form of amyotrophic lateral sclerosis (ALS) and
frontotemporal dementia (FTD) has substantially enlarged
the number of genetic diagnoses of these diseases." Although
only a subset of at-risk individuals request presymptomatic
testing (PT), each new diagnosis allows potential access to PT
for every adult at risk relative of the newly identified family.
Motivations and outcomes for PT are already well known for
several late-onset neurologic conditions, such as Huntington
disease (HD) and prion diseases,” > but knowledge of the
specific features associated with these neurodegenerative
diseases is scarce. These diseases confront clinicians and ge-
neticists with new challenges in the course of presymptomatic,
prenatal, and preimplantation testing counseling, particularly
given the large phenotypic heterogeneity of many of the genes
involved. Here, we aimed to better characterize and un-
derstand this selected subgroup of at-risk individuals auton-
omously requesting PT for ALS/FDT.

ALS is a progressive disorder characterized by the selective
degeneration of corticospinal and spinal motor neurons,
resulting in progressive paralysis of the 4 limbs, the bulbar
region, and the respiratory system, leading to death within an
average of 3-§ years after disease onset. With a global in-
cidence of 2/100,000 person-years, the risk of ALS increases
after age 40 years, reaching a peak between 65 and 75 years.®
Approximately 50% of patients with ALS present cognitive
deficits, with 20% meeting the clinical criteria of FTD,” the
second most frequent degenerative form of presenile de-
mentia after Alzheimer disease. The incidence is estimated
between 1.6 and 4/100,000 person-years, with the onset
generally between age 45 and 65 years. Frontotemporal de-
generation results in changes in behavior, language, and ex-
ecutive functions.® Symptoms related to motoneuron
degeneration are found in 15% of patients with FTD.”

Familial forms account for approximately 10% of ALS cases’
and 30%-50% of FTD cases.'” ALS and FTD are now con-
sidered to belong to the same spectrum, not only because of
common clinical traits and the sharing of pathologic features
but also due to growing knowledge in the field of genetics,
these 2 diseases sharing many causative genes.""

The discovery of the hexanucleotide repeat expansion in
C9ORF72 in 2011'*"* was a game changer in the field. It
explains approximately 40% of familial ALS cases, 25% of
familial FTD disease, and 5%-8% of apparently sporadic
>!* The particularities of genetic counseling for sub-
jects at risk of harboring this expansion have been little ex-
plored in detail in the literature.'>™"”

1
cases.
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The most extensive experience of our group and others with
at-risk individuals and attitudes toward testing has been with
HD.>*'® We have also gained experience from PT for he-
reditary cerebellar ataxias,'® dementias, and prion disease.*
The trailblazer role of PT for HD in late-onset diseases is
probably explained by its virtually exclusively genetic origin
and the not so rare prevalence of the pathological triplet
(cytosine, adenine and guanine [CAG]) repeat expansion in
the huntingtin gene (~1 in 568).%° In ALS/FTD, the number
of the involved genes is unclear. In the case of the most
frequently affected gene, COORF72, the phenotype of the
disease that will develop in the carrier is uncertain, despite
efforts to understand the determinants.” Conversely, in HD,
the pathologic CAG repeat size in HTT provides an indication
of the predicted onset of the disease. Although fallible® and
despite the clinical variability of HD, from pure chorea to a
purely psychiatric presentation, the individual at risk of HD
can prepare for the phenotype to come.” We expected these
differences to lead to a major difference in the process of PT.
We thus aimed to examine the first 100 requests of individuals
seeking PT who were at risk of carrying a mutation leading to
ALS, FTID, or both and to compare them with those de-
manding PT for HD over the same period.

Methods

The study included individuals who received genetic coun-
seling in the Neurogenetics Unit of Pitié-Salpétriére Univer-
sity Hospital (Paris) for being at risk of carrying the mutation
known in their family to be responsible for ALS, FTD, or
ALS/FTD between 2008 and June 2019. We compared the
data obtained with those of the population requesting PT for
HD during the same period. This department has gained, over
more than 27 years, a vast experience in delivering genetic
counseling to subjects at risk of harboring mutations leading
to late-onset dominantly inherited neurodegenerative dis-
eases, such as HD, dementias, and prion diseases. At-risk in-
dividuals request, on their own initiative, genetic counseling in
our clinic. They have been informed about their genetic risk
by their affected family member or the neurologist of the
affected relative. Genetic counseling takes place in a multi-
disciplinary framework, comprised of at least a neurologist,
geneticist, and psychologist. Interviews are structured as
previously reported.”” Briefly, at-risk individuals receive from
the neurologist/geneticist, before testing, oral and written
information about the disease, the genetic risk of trans-
mission, therapeutic implications, and limitations of testing.
They are then given time to reflect and make their decision,
during which they are supported by at least 1 interview with a
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psychologist of the team. Blood sampling and testing are
performed during a later visit. The same neurologist/
geneticist that provided the first information discloses the
results. We offer and recommend posttest support and follow-
up to all individuals, regardless of the results of the test. Data
retrospectively collected from subjects’ medical records, in-
formation about their motivation to take the test, and familial
disease load of either disease were reviewed.

We calculated a familial disease load score for each individual
as follows: each first-degree relative with ALS or FTD scored
1 point, each second-degree relative with ALS or FTD scored
0.5 points, and other more distant relatives with one of these
diseases scored 0.1 points. The sum for each individual was
used to evaluate the final score of disease load for each phe-
notype in their families. This score has not been validated and
is thus only indicative. Statistical results involving this disease
load score should be interpreted with caution.

Standard Protocol Approvals, Registrations,
and Consents

The study of familial ALS or FTD for subjects seen from 2008
to 2017 was approved by local French authorities (Paris
Necker ethics committee approval [RBM 02-59 to LL.B.]).
From 2017 to 2019, according to local regulations of Assis-
tance Publique-Hopitaux de Paris, subjects were informed of
their right to object to the publication of their data.

Testing for mutations in the involved genes was performed in
the Molecular and Cellular Neurogenetics Department of
Pitié-Salpétriere Hospital (Drs Cazeneuve and Clot). All
subjects provided signed informed consent. The laboratory is
certified and performs the genetic testing in the routine
clinical setting for subjects.

Statistical analyses were performed using SPSS software ver-
sion 9.1. Quantitative variables are expressed as the mean *
SD. Frequencies were compared using Pearson X2 tests or
Fisher exact tests, when appropriate, and the means compared
using analysis of variance (ANOVA).

Data Availability
Anonymized data are available from the corresponding author
on reasonable request.

Results

Presymptomatic Testing

From 2008 to June 2019, 106 subjects, from 78 families, at risk of
developing familial ALS or FTD and requesting PT were re-
ceived in our neurogenetics unit. The demand for predictive
testing for these diseases has been steadily increasing (figure),
such that over half of the demands were received during the last 3
years (67%, 71/106). Sixty-one percent of the individuals were
women (65/106), with a mean age of 42.05 + 14.9 years
(18-78). Mutations in the index cases affected 7 different genes
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(table 1). Most (93/106, 88%) of the subjects had a 50% risk a
priori of harboring the mutation responsible for the disease.
Thirteen individuals (12%) had a 25% risk or less because the
index case of their family was a second- or further-degree relative.
Over two-thirds of the subjects were at risk of carrying mutations
responsible for ALS, FTD, or the association of both diseases
(C9ORF72 n = 66 [0 families], UBQLN2 n = 5 [1 family], VCP
n = 3 [1 family], TBKI n = 2 [1 family). Ten percent of the
subjects were exclusively at risk of ALS (SODI n = 8 [7 families],
FUS n = 3 [2 families], and 18% exclusively at risk for FTD
(PGRN n = 11 [9 families], MAPT n = 8 [7 families]). Only 41
individuals (39%) came to the clinic with a relative or friend.

The main reasons reported for requesting the test were the
desire to know their status or to be able to anticipate life
decisions (60%, 64/106), followed by the wish to inform their
children of the risk (18%, 19/106) (90% of the testees’ chil-
dren were adults), or because they wanted to have children
(12%, 13/106). Forty-two percent of the subjects (44/103)
came to our clinic to be tested less than 1 year after being
informed of their own risk. Individuals with a higher familial
disease load, as defined in the methods, were significantly
younger when they requested testing (Pearson correlation
0.318, p < 0.01). There was a significant correlation between
the age of the subject at test request and the youngest and
oldest ages at disease onset of the cases of the family (Pearson
correlation 0.212 and 0.266, p = 0.03 and p = 0.014).

The overall dropout rate was 25% (26 subjects). Among
them, 25 did not undergo blood sampling, and only 1 in-
dividual decided not to come to be informed of the available
result of the test. Of the 80 subjects who asked for the test
results, 35 were carriers of the mutation (table 1). There was
no difference in the rate of subjects withdrawing from the
testing process according to the disease in their families: ALS
vs FTD or ALS and FTD. Individuals not pursuing the testing
until the disclosure of results tended to be older (55.3 = 9
years vs 49.8 + 13 years, p = 0.05).

Clinical, neurologic, and psychological follow-up of the at-risk
individuals is ongoing. To date, there has been no clinical
conversion.

Between 2014 and June 2019, our Neurogenetics Laboratory
identified 113 pathogenic variants responsible for ALS or
ALS/FTD in affected index cases. Although not necessarily
issued from the new families, 58 of the here reported PT
requests (46 pedigrees) occurred in this same period.

Prenatal Testing

During the study period 3 of 4 couples at risk of having
transmitted the hexanucleotide expansion in COORF72 to the
fetus in their current pregnancy decided not to undergo
prenatal diagnosis, whereas 1 couple did. The fetus was a
carrier of the COORF72 expansion, and they decided to ter-
minate the pregnancy. Two couples presented for counseling
for their risk of transmitting an MAPT mutation. In 1 case,
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Figure Proportion of Testees Consulting for Presymptomatic Testing for ALS/FTD and HD
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their motivation for requesting PT was an ongoing pregnancy.
They decided to abandon the testing procedure and continue
the pregnancy. The other couple, in which the woman was the
carrier, requested fetal sex determination for the X-linked
UBQLN2 mutation. One male fetus was terminated, and the
subsequent female fetus was carried to term.

Comparison With Subjects at Risk of HD During
the Same Time Period

During the same 11-year period, we received 840 demands by
individuals at risk of HD. We were able to compare the 2 disease
groups, as a priori risks (50% or 25%) of the subjects seeking PT,
sex of the subject, sex of the transmitting relative, and dropout rate
were not significantly different between HD and ALS/FTD (table
2). The subjects requesting PT for HD were significantly younger
than those at risk of ALS or FTD (HD 35.9 + 12.6 years (18-90)
vs ALS/FTD 42.0 £ 14.9 years (18-78), p < 0.01). Requests for
HD testing occurred significantly later after becoming aware of
their own risk than for the group at risk of ALS/FTD, with only
19% of the subjects at risk of HD coming to the clinic within the
first year (vs 44% for ALS/FTD; p < 0.01). The reasons reported
for seeking the test were not significantly different between the 2
groups. The dropout rate from the test tended to be higher among
the subjects seeking PT for HD (34%) than for ALS/FTD (25%),
although not significantly different.

For prenatal testing, 37 couples at risk of HD underwent genetic
counseling while pregnant, 25 took the presymptomatic test, and
13 were carriers. Among them, 6 underwent prenatal testing. This
was not different from ALS/FTD.
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Discussion

In the literature, experience of large cohorts of presymptomatic
subjects at risk of ALS/DFT is rare. In 2016, Benatar et al’®
published updated guidelines for presymptomatic genetic
counseling in ALS, based on their experience with 161 first-
degree relatives at risk participating in a study. Here, we report
the uptake and motivation for over 100 presymptomatic indi-
viduals at risk of ALS/FTD. There has been a clear increase of
requests for testing of at-risk individuals for ALS/FTD in France,
especially since 2014, following the larger number of genetic
diagnoses for these diseases. The HD cohort was restricted to the
same period in which testing for ALS/FTD was available to
avoid any bias due to society’s perception of genetic testing
between the early 90s and after 2008 that could potentially
explain the increasing frequency of testing over time. In France,
PT is free of charge for all requesting subjects. Furthermore,
French law has prohibited companies from considering genetic
testing results for insurance purposes since 2005.

Individuals requesting PT for ALS/FTD contacted the neu-
rogenetics clinic sooner after becoming aware of their risk
than those requesting the HD test. The more rapid contact for
the ALS/FTD group could be explained by the particularly
severe and rapidly progressive phenotype of these diseases, as
observed for other rapidly progressing neurodegenerative
diseases, such as prion disease.* The risk of a rapidly pro-
gressive phenotype may be less bearable over longer periods
and create, more than in HD, an urge to seek genetic coun-
seling. Alternatively, some at-risk individuals prefer to be tested
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Table 1 Characteristics of Requests for Predictive Testing According to the Genotype of the Index Case for Individuals at

Risk of FTD, ALS, or Both

p
C90RF72 PGRN MAPT sopn1 UBQLN2 FUS vce TBK1 Value
Inheritance pattern AD AD AD AD X-linked D AD AD AD —
Number (% of 106) 66 (62%) 11 (10%) 8 (8%) 8 (8%) 5 (5%) 3 (3%) 3 (3%) 2 (2%) —
No. of families 50 9 7 7 1 2 1 1 —
(total = 78)
Percent females 60% 46% 63% 88% 60% 100% 67% 50% 0.58
Age at first contact 44 +15 40+ 15 35+ 11 42 +14 34+16 31+19 44 +15 44 + 25 0.59
(iny) (18-78) (22-74) (21-54) (26-67) (18-59) (19-53) (33-61) (26-61)
Asked for test results, 45/66 8/11 7/8 7/8 5/5 3/3 3/3 2/2 0.39
n (%) (68%) (73%) (88%) (88%) (100%) (100%) (100%) (100%)
Unfavorable results 24/45 3/8 3/7 2/7 3/5 0/3 0/3 0/2 —
(no. of carriers)
Phenotype of the index
case
FTD, n 21 (32%) 11 (100%) 8 (100%) 0 0 0 3 (100%) 0 <0.01
ALS, n 28 (42%) 0 0 8 (100%) 5 (100%) 3 (100%) 0 2 (100%) —
FTD-ALS, n 17 (25%) 0 0 0 0 0 0 0 —
Mean familial 0.95 + 0.86 2.02£0.78 224 +1.24 0.0+0.0 0.0+0.0 0.0+0.0 2.00 £ 0.87 0.0 £0.0 <0.01
disease load score® (0.0-3.5) (1.0-3.1) (1.0-4.5) (0.0-2.5)
FTD
Mean familial 1.02+0.97 0.0+0.0 0.25+0.7 2.75+1.39 1.70 £ 0.6 3.17 £ 0.98 0.0 £0.0 0.8+3.5 <0.01
disease load score?  (0.0-4.5) (0.0-0.0) (0.0-2.0) (1.0-5.5) (1.0-2.5) (2.6-4.3) (0.0-0.0) (0.5-1.0)
ALS
Minimal age atonset 55+ 10 56 + 8 42+9 43+10 20+0 1M +7 55+0 58 +0 <0.01
in family (32-72) (47-69) (24-48) (27-55) (20-20) (33-45) (55-55) (58-58)
Maximal age at 62+12 59+0 56+ 1 54 +15 30+0 63+9 NA NA <0.01
onset in family (25-85) (59-59) (55-56) (34-72) (30-30) (53-68)

Abbreviations: AD = autosomal dominant; D = dominant; n = number; NA = not available.

Quantitative variables are expressed as the mean + SD.

2 See Methods for familial disease load score calculation for each individual. p Values refer to the comparison of frequencies (Pearson x? test or Fisher exact

test when appropriate) and comparison of the means (ANOVA).

after the death of their relatives, which occurs later in HD. Some
at-risk individuals mentioned their preference to undergo their
own test once their relatives had died to spare them the suffering
of knowing they had transmitted the disease. Further studies are
necessary to examine these hypotheses.

The characteristics and attitudes of those requesting testing
for ALS/FTD and HD were similar, including during preg-
nancy. The differences in motivation, with more couples
wanting to become parents for HD, could be explained by the
younger age of this population and thus the higher number of
subjects of childbearing age.

For genes responsible for both phenotypes ALS and FTD, we
systematically discussed during the interviews the different
prognoses and the consequences for the patients and their rel-
atives of both diseases. Strikingly, we noted that they projected
their own risk almost exclusively to the phenotype they knew
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from their relatives (motor or cognitive), undermining the po-
tential impact of knowledge of the other phenotypes unknown
to them. These data, however, were not prospectively collected
from the medical records, and thus, statistical analysis was not
possible. Further research should explore the testees’ knowledge
of these complex diseases before and after counseling.

The rate of diagnosis of hereditary ALS and ALS/FTD has
been relatively low in Paris during the last S years, as our
Neurogenetics Laboratory has identified only 113 patients
with ALS harboring a pathogenic variant, i.e., with hereditary
disease. During the same period, the ALS Clinic of the Sal-
pétriere Hospital has seen approximately 2,000 new cases of
ALS. Statistically and according to the literature,” we expected
more than 200 new genetic ALS diagnoses over this time
frame. This is likely explained by the reluctance of ALS cli-
nicians to advise genetic counseling, as many believe that no
consequence could arise from the knowledge of hereditability

Neurology: Genetics
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Table 2 Comparison Between At-Risk Subjects Requesting Presymptomatic Testing for ALS/FTD or HD During the Same

Time Period
ALS/FTD HD p Value

No. of requests (2008-2019) 106 840
Mean age (in years) 42.05 £ 14.9 (18-78) 35.9+12.6 y (18-90) <0.01
Women 61% (65) 54% (465) 0.14
Theoretical risk of being a carrier: 88% (93)/12% (13) 90% (760)/10% (80) 0.47
50% at risk/25% at risk
Mother transmitting the disease 46% (49) 49% (413) 0.22
Disclosure/no disclosure 75% (80)/25% (26) 66% (558)/34% (282) 0.22
Recent (<1 year) or longer (>1 year) 44% (45) vs 56% (58); 19% (123) vs 80% (508); <0.001
knowledge of being at risk NA 3 subjects NA 209 subjects
Motivation to be tested <0.001

To know, to be certain 49% (50) 50% (383)

Desire to have children 13% (13) 19% (150)

Inform children about the risk 18% (19) 13% (100)

To anticipate 14% (14) 9% (67)

Don’t know 4% (4) 10% (74)

Abbreviation: NA = not available.

p Values refer to the comparison of frequencies (Pearson x? test or Fisher exact test when appropriate) and the comparison of means (ANOVA). Quantitative

variables are expressed as the mean + SD.

on top of a devastating diagnosis and prognosis, other than
increased sorrow. During the same period of S years, S8
subjects requested PT in our center. Although the at-risk
subjects are not necessarily related to the newly identified
families, this results in a ratio of genetic PT activity vs genetic
diagnostic activity at our center of approximately 1:2. This
approximation suggests that there is a higher percentage of
demands for PT for ALS/FTD than HD.

With a few exceptions,"* published studies report low uptake rates
of PT among at-risk populations, ranging from 7% to one-third of
the subjects at risk.>> Our study suggests that there is a non-
negligible number of demands for PT arising from the relatively
rare genetic diagnoses. Familial ALS cases will likely be in-
creasingly sought and recognized in the era of new promising
gene-specific treatments for the 2 most common genes in familial
ALS: SODI** and C9ORF72 (NCT03626012). The association
of an increase in the number of genetic diagnoses and the hope of
specific treatment may lead to an increase in the demand for
genetic counseling and PT in affected families. The FTD field
appears, in particular, to be ahead in the generalization of genetic
discussions and the sampling of patients with FTD. We believe
that the practices between the ALS and FID communities
should be harmonized. Our study illustrates how virtually the
same families may encounter both diseases in most cases.

Despite our efforts to ascertain any potential bias, certain lim-
itations could not be circumvented. First, we collected the data
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retrospectively. Certain relevant information that was not sys-
tematically collected was unfit for analysis. Furthermore, the
results all came from a single center under the French legal
frame. Finally, the follow-up of testees is ongoing, and thus, the
outcome is pending. However, our principal aim was to un-
derstand the uptake and interest in ALS/FTD PT on the basis
of our experience and contribute to discussion in this field.

In conclusion, requests for PT for ALS and FTD have been
progressively growing over the last several years and may
continue to do so. The principal feature of the genetic coun-
seling for this group of genes is the unpredictable heterogeneity
of the clinical phenotype. An awareness of this added un-
certainty does not prevent individuals from having the test, as
dropout rates are no higher than for HD. Indeed, this aspect
appears to be overlooked by at-risk subjects. Despite the
challenges of presymptomatic genetic testing in these diseases,
genetic counseling continues to respond to a growing demand
that genetic counselors must take into consideration. Further
studies are needed to better understand how the process of
testing or the knowledge of their genetic status affects the life
trajectory of presymptomatic subjects.
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