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BACKGROUND

Genetic testing can provide a molecular level diagnosis in 70 % of cases of
familial amyotrophic lateral sclerosis (ALS) and 10 % of sporadic cases. A
molecular diagnosis may allow participation in clinical trials, but does not
otherwise affect treatment. The significance in terms of the disease risk in
relatives can be uncertain and the psychological burden is substantial. Testing
thus poses ethical challenges. We have examined whether clinical practice
conforms to international recommendations, which discourage genetic testing
in typical cases of the sporadic variant.

MATERIAL AND METHOD

The medical records of all patients with amyotrophic lateral sclerosis at
Akershus University Hospital during the period 2004—-14 were reviewed.

RESULTS

Of 115 patients, family history was absent from the medical records of 44

(38 %). Diagnostic genetic testing was performed in five out of seven patients
with familial amyotrophic lateral sclerosis as well as three with the sporadic
form, either because disease progression was atypical or upon recommendation
of a specialist in medical genetics who had examined the patient's relatives. A
further 11 patients with a proven mutation were referred from other hospitals.
Of these, five were either recruited onto an external treatment study or
subsequently enrolled in a research project on disease mechanisms linked to
the department. Testing was limited almost exclusively to the SOD1 gene.

INTERPRETATION

The study revealed that genetic testing practice was restrictive, in line with
recommendations, and that newly discovered ALS genes were rarely analysed.
Patient autonomy and the requirement for a molecular diagnosis to participate
in trials challenge such practice.

Main message

To date, genetic testing of ALS patients has been recommended only for those
with positive family history or atypical clinical findings
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Practice at Akershus University Hospital was in line with these
recommendations

Genetic testing was limited almost solely to the SOD1 gene, despite the fact that
a more frequent disease-associated mutation in the Cgorf72 gene was
discovered in the course of the study period

Increased emphasis on patient autonomy, and the requirement for a molecular
diagnosis to participate in treatment studies, may lead to more liberal genetic
testing of patients without a positive family history

About 150 persons develop amyotrophic lateral sclerosis (ALS) each year in
Norway and this number is increasing (1). Traditionally, the condition has been
regarded as a purely motor disorder characterised by progressive paralysis, but
up to half of patients also develop signs of cognitive failure with behavioural
and personality disturbances. A minority develop frontotemporal dementia (2).
Patients typically die of respiratory failure within 2—3 years of diagnosis (3).

Amyotrophic lateral sclerosis is often divided into a sporadic form with no
other known cases in the family (90—95 % of cases) and a familial form (5—-10 %
of cases). The latter usually shows autosomal dominant inheritance with
incomplete and often unknown penetrance. Since the discovery of mutations in
the SOD1 gene in 1993, pathogenic mutations have been detected in some 30
other genes in familial amyotrophic lateral sclerosis (3). These mutations
account for about 60-80 % of familial cases in total (4). However, such
mutations are also present in about 10 % of patients with sporadic amyotrophic
lateral sclerosis and in an even greater proportion of those with concurrent
frontotemporal dementia (5). The most common cause of both hereditary
amyotrophic lateral sclerosis and frontotemporal dementia is an expansion of
the GGGGCC hexanucleotide repeat in the Cgorf72 gene (6). Testing for this
mutation is not performed in Norway. Its frequency is therefore unknown, but
in other countries it is reported in about 40 % of cases of familial amyotrophic
lateral sclerosis, 10 % of sporadic amyotrophic lateral sclerosis and 20 % of
frontotemporal dementia (7, 8).

There are currently no specific therapies for any of the genetic variants of
amyotrophic lateral sclerosis. In the sporadic form, a positive test has uncertain
significance for the disease risk among relatives and can prove a major
additional burden for patient and relatives alike. In 2004, 2007 and 2012, the
European Federation of Neurological Societies (EFNS) and the European
Network for the Cure of Amyotrophic Lateral Sclerosis (ENCALS) therefore
discouraged the genetic testing of patients with the sporadic variant, but were
more open to the testing of persons with the familial type or with atypical
clinical findings where testing could help clarify the diagnosis (9—11). In
Norway, there are no official professional guidelines for the testing and follow-
up of patients with amyotrophic lateral sclerosis. Recommendations in the
'Neuro-Norwegian electronic medical handbook' are consistent with those of
EFNS. The purpose of this study was to investigate whether genetic testing
practice for amyotrophic lateral sclerosis follows national and international
recommendations.
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Method

We searched the electronic health records at Akershus University Hospital for
patients coded G12.2 according to ICD-10 (International Statistical
Classification of Diseases and Related Health Problems) in the period 31
December 2004 to 31 December 2014. G12.2 encompasses motor neuron
diseases, of which amyotrophic lateral sclerosis is by far the largest patient
group. Congenital and hereditary variants of spinal muscular atrophy are
excluded from G12.2. We evaluated whether the diagnosis was correct and
whether the patient had primarily been examined and followed up at Akershus
University Hospital. From the medical records we retrieved information on sex,
age, family history, genetic testing and genetic counselling. The data were
stored on secure research servers with de-identified clinical data stored
separately from the key.

There is no clear consensus definition of what constitutes familial amyotrophic
lateral sclerosis (12). In line with recent recommendations based on
overlapping clinical findings and aetiology, patients with at least one first or
second degree relative with amyotrophic lateral sclerosis or frontotemporal
dementia were classified as having familial amyotrophic lateral sclerosis (13,

14).
The study was approved by the Data Protection Officer at Akershus University

Hospital as a quality assurance study, removing the need to seek approval from
the Regional Committee for Medical and Health Research Ethics (13, 14).

Results

The results of the medical record review are shown in Figure 1. Following
exclusion of nine incorrectly coded patients, a total of 126 patients with
amyotrophic lateral sclerosis were assessed at Akershus University Hospital in
the study period. Of these, 115 were primarily examined and followed up at
Akershus University Hospital, while 11 patients with the familial type and
proven ALS-associated mutations were referred from other hospitals.
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115 patients assessed
at Akershus University Hospital

i

Family history recorded in the medical records?

N

71 patients 44 patients

Amyotrophic lateral sclerosis (ALS) or
[frontotemporal dementia in relatives
(familial ALS)

Yes No
\J v
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\ v

Underwent genetic testing? Underwent genetic testing for other reasons
Yes No i}’es l No
v Y
5 patients 2 patients 3 patients 105 patients

Figure 1 Genetic testing of patients with amyotrophic lateral sclerosis performed by
Akershus University Hospital in the period 2004—14

Upon review of the medical records, we found that family history was recorded
in 71 (62 %) of the 115 patients who had been assessed at Akershus University
Hospital. Of these 71, seven (10 %) had close relatives with amyotrophic lateral
sclerosis or frontotemporal dementia, consistent with familial amyotrophic
lateral sclerosis. Of these, genetic analysis had been performed in five patients.
No mention was made in the medical records as to whether genetic testing was
considered for the other two patients with the familial variant.

A blood test was sent for diagnostic genetic testing in the case of three patients
with sporadic amyotrophic lateral sclerosis. Testing of these patients was
justified on the basis of an atypical disease course or another serious
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neurological disease (not motor neuron disease or frontotemporal dementia) in
close relatives, or testing was performed at the request of a specialist in medical
genetics in connection with the relatives' wish for predictive testing.

Genetic testing was performed almost exclusively on the SOD1 gene, and
mainly in the second half of the study period. With the exception of one patient
in whom a heterozygous mutation of uncertain significance was found, all
patients in whom an ALS-related mutation was detected were offered genetic
counselling. In consultation with the patient, relatives were also informed and
offered genetic counselling. Genetic counselling was not offered to any other
patients, and nor was it mentioned in the medical records of the two patients
with suspected familial amyotrophic lateral sclerosis who did not undergo
genetic testing.

Towards the end of the study period, patients with a proven ALS mutation were
invited to participate in research projects. Five donated skin biopsies for the
generation of induced pluripotent stem cells. The patients were also given
contact details that would open up the possibility of participating in a treatment
study abroad.

Discussion

Our findings show consistently restrictive practice for genetic testing in cases of
amyotrophic lateral sclerosis. Only three patients with the sporadic variant
underwent diagnostic genetic testing, and justification for this was provided in
all cases in the medical records. With the exception of one patient with the
sporadic variant in whom testing was initiated by a specialist in medical
genetics based on the desire of relatives for predictive testing, our practice was
in line with European recommendations that specifically discourage genetic
testing in typical cases of the sporadic form (9—11).

Two out of seven patients with the familial variant were not offered genetic
testing or genetic counselling. Since the issue was not discussed in the medical
records, we do not know the reasons why genetic testing was not performed.
The absence of any explicit justification may reflect limited awareness about the
importance of heredity, or uncertainty regarding access to genetic testing and
counselling. This assumption is supported by a study from 20 countries
showing that neurologists with extensive experience of amyotrophic lateral
sclerosis offer genetic testing more frequently than their less experienced
colleagues (14). Another explanation may be a conscious or unconscious desire
not to contribute to increased concern that relatives will also develop the
disease. The fact that family history was not recorded in the medical records of
almost 40 % of patients is consistent with both of these explanations.

The limited use of genetic testing may also reflect the limited provision of such
testing in Norway. A number of other ALS-related genes, including Cgorf72,
which is by far the most common genetic cause of amyotrophic lateral sclerosis,
were discovered during the study period. However, Oslo University Hospital
tested SOD1 alone throughout the study period, and indeed other ALS-related
genes are still not tested today. Mutations in SOD1 account for only a small
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proportion of familial amyotrophic lateral sclerosis cases (approximately 20 %),
and testing of this gene alone is seen as insufficient both in cases of the familial
variant and in cases of the sporadic type with atypical disease course (14, 15).
The genetic epidemiology has not been mapped in Norway, but by testing
Coorf72, FUS and TARDBP in addition to SOD1, the genetic basis of about two-
thirds of cases of familial amyotrophic lateral sclerosis and 10 % of cases of the
sporadic type could probably be identified (14, 16).

The discovery of new ALS-related genes may lead patients, relatives and
doctors to view genetic testing as more worthwhile, as it will mean that testing
is more likely to be able to identify or rule out genetic causes of the disease (17).
Telemark Hospital now analyses 17 other ALS-related genes besides SOD1, as
well as a number of genes associated with other motor neuron diseases, but
does not currently test for Cgorf72 (Helle Hgyer, personal communication).

The main argument for not offering genetic testing in cases of the sporadic
variant is that doing so poses a threat to the patients' right not to know, as well
as consideration for the relatives' wish to remain ignorant of their disease risk
(15). The discovery of an ALS mutation in an ALS patient has far-reaching
consequences for healthy relatives. They must deal with the fact that they may
be at significantly increased risk of developing the disease and must decide
whether they would like predictive testing, which under Norwegian law
requires genetic counselling. The uncertainty over the significance of both
positive and negative results makes it difficult for healthy relatives to decide
whether to undergo testing, as testing will not provide them with an
unambiguous answer regarding their own risk (18). This differs from
Huntington's disease, where a negative genetic test rules out the disease while a
positive finding also provides important information about anticipated
prognosis (19).

The relatively restrictive practice of reserving genetic testing for patients with
the familial type or an atypical disease course has been challenged in recent
years (20), in part because it deprives the patient of the possibility of
identifying the cause of their disease (15). In addition, the frequent discovery of
ALS mutations in patients with an apparently sporadic form of the disease
renders the distinction between familial and sporadic forms more arbitrary
than previously assumed (20, 21). The relatively high likelihood of detecting an
ALS-related mutation is thus used as an argument for both restrictive and
liberal genetic testing practices in sporadic amyotrophic lateral sclerosis (11, 17,
20). Increased insight into the genetic causes of disease is important for
understanding disease mechanisms, and many future treatment studies will
probably require molecular testing (22). In our experience, many patients wish
to participate in clinical trials, and it is therefore likely that the number of
patients who request genetic testing will increase. Given that it will be possible
to test for a greater number of genes, the chances of detecting gene variants
with uncertain disease association and thus uncertain significance in terms of
disease risk in relatives will also increase. There will thus be a markedly greater
need for genetic counselling.
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Many patients wish to know the cause of their own disease and the risk of it
being passed on in the family (18). In a survey of 5 591 patients with ALS in the
USA, 83 % of respondents stated that genetic testing should be offered to all
patients with the disease, with 73 % believing that the benefits outweigh the
drawbacks (23). Those who had undergone genetic testing reported mostly
positive experiences, irrespective of the type of disease (sporadic or familial)
and whether they had received genetic counselling (24). The response rate in
this survey was low (8 %), and its generalisability is therefore uncertain. The
discrepancy between the positive feedback and the restrictive practice reflected
in our findings and in the European recommendations nevertheless raises the
question of whether neurologists are adopting a paternalistic and
overprotective approach, which perhaps reflects their own discomfort in
engaging with these issues.

Conclusion

Our study revealed a restrictive use of genetic testing in amyotrophic lateral
sclerosis. With the exception of the fact that family history was not recorded in
almost 40 % of patients, the use of genetic testing was in line with European
recommendations. Genetic testing did not include newly discovered ALS-
associated genes, despite the fact that doing so could have increased diagnostic
accuracy (17). A genetic diagnosis may open up the possibility of participating
in treatment trials or studies of disease mechanisms (25), also for patients with
mutations in SOD1, which appear to have a relatively high incidence in Norway
(26). Several patients with proven mutations have donated skin biopsies for use
in generating induced pluripotent stem cells and in studies of disease
mechanisms, or have been offered the opportunity to participate in treatment
studies abroad. The repertoire of genetic tests should therefore be expanded in
line with international standards.

LITERATURE

1. Nakken O, Lindstrom JC, Tysnes OB et al. Mortality trends of amyotrophic
lateral sclerosis in Norway 1951-2014: an age-period-cohort study. J Neurol
2016; 263: 2378 - 85. [PubMed][CrossRef]

2. Strong MJ, Abrahams S, Goldstein LH et al. Amyotrophic lateral sclerosis -
frontotemporal spectrum disorder (ALS-FTSD): Revised diagnostic criteria.
Amyotroph Lateral Scler Frontotemporal Degener 2017; 18: 153 - 74.
[PubMed][CrossRef]

3. Brown RH, Al-Chalabi A. Amyotrophic lateral sclerosis. N Engl J Med
2017; 377: 162 - 72. [PubMed][CrossRef]

4. van Es MA, Hardiman O, Chio A et al. Amyotrophic lateral sclerosis. Lancet
2017; 390: 2084 - 98. [PubMed][CrossRef]

Genetic testing in amyotrophic lateral sclerosis | Tidsskrift for Den norske legeforening


http://dx.doi.org/10.1007/s00415-016-8273-2
http://dx.doi.org/10.1007/s00415-016-8273-2
http://dx.doi.org/10.1007/s00415-016-8273-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27586392&dopt=Abstract
http://dx.doi.org/10.1007/s00415-016-8273-2
http://dx.doi.org/10.1080/21678421.2016.1267768
http://dx.doi.org/10.1080/21678421.2016.1267768
http://dx.doi.org/10.1080/21678421.2016.1267768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28054827&dopt=Abstract
http://dx.doi.org/10.1080/21678421.2016.1267768
http://dx.doi.org/10.1056/NEJMra1603471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28700839&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1603471
http://dx.doi.org/10.1016/S0140-6736(17)31287-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28552366&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(17)31287-4

5. Dols-Icardo O, Garcia-Redondo A, Rojas-Garcia R et al. Analysis of known
amyotrophic lateral sclerosis and frontotemporal dementia genes reveals a
substantial genetic burden in patients manifesting both diseases not carrying
the Coorf72 expansion mutation. J Neurol Neurosurg Psychiatry 2018; 89:
162 - 8. [PubMed][CrossRef]

6. Renton AE, Majounie E, Waite A et al. A hexanucleotide repeat expansion
in CQORF72 is the cause of chromosome gp21-linked ALS-FTD. Neuron 2011;
72: 257 - 68. [PubMed][CrossRef]

7. Smith BN, Newhouse S, Shatunov A et al. The CQORF72 expansion
mutation is a common cause of ALS+/-FTD in Europe and has a single
founder. Eur J Hum Genet 2013; 21: 102 - 8. [PubMed][CrossRef]

8. Gjerde KV, Tysnes OB. Genetisk sammenheng mellom amyotrofisk lateral
sklerose og frontotemporal demens. Tidsskr Nor Legeforen 2014; 134: 302 -
6. [PubMed][CrossRef]

9. Andersen PM, Borasio GD, Dengler R et al. EFNS task force on
management of amyotrophic lateral sclerosis: guidelines for diagnosing and
clinical care of patients and relatives. Eur J Neurol 2005; 12: 921 - 38.
[PubMed][CrossRef]

10. Andersen PM, Borasio GD, Dengler R et al. Good practice in the
management of amyotrophic lateral sclerosis: clinical guidelines. An
evidence-based review with good practice points. Amyotroph Lateral Scler
2007; 8: 195 - 213. [PubMed][CrossRef]

11. Andersen PM, Abrahams S, Borasio GD et al. EFNS guidelines on the
clinical management of amyotrophic lateral sclerosis (MALS)—revised report
of an EFNS task force. Eur J Neurol 2012; 19: 360 - 75. [PubMed][CrossRef]

12. Byrne S, Elamin M, Bede P et al. Absence of consensus in diagnostic
criteria for familial neurodegenerative diseases. J Neurol Neurosurg
Psychiatry 2012; 83: 365 - 7. [PubMed][CrossRef]

13. Byrne S, Bede P, Elamin M et al. Proposed criteria for familial
amyotrophic lateral sclerosis. Amyotroph Lateral Scler 2011; 12: 157 - 9.
[PubMed][CrossRef]

14. Vajda A, McLaughlin RL, Heverin M et al. Genetic testing in ALS: A survey
of current practices. Neurology 2017; 88: 991 - 9. [PubMed][CrossRef]

15. Turner MR, Al-Chalabi A, Chio A et al. Genetic screening in sporadic ALS
and FTD. J Neurol Neurosurg Psychiatry 2017; 88: 1042 - 4. [PubMed]
[CrossRef]

16. Chio A, Battistini S, Calvo A et al. Genetic counselling in ALS: facts,
uncertainties and clinical suggestions. J Neurol Neurosurg Psychiatry 2014;
85: 478 - 85. [PubMed][CrossRef]

Genetic testing in amyotrophic lateral sclerosis | Tidsskrift for Den norske legeforening


http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1136/jnnp-2017-316820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28889094&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2017-316820
http://dx.doi.org/10.1016/j.neuron.2011.09.010
http://dx.doi.org/10.1016/j.neuron.2011.09.010
http://dx.doi.org/10.1016/j.neuron.2011.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21944779&dopt=Abstract
http://dx.doi.org/10.1016/j.neuron.2011.09.010
http://dx.doi.org/10.1038/ejhg.2012.98
http://dx.doi.org/10.1038/ejhg.2012.98
http://dx.doi.org/10.1038/ejhg.2012.98
http://dx.doi.org/10.1038/ejhg.2012.98
http://dx.doi.org/10.1038/ejhg.2012.98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22692064&dopt=Abstract
http://dx.doi.org/10.1038/ejhg.2012.98
http://dx.doi.org/10.4045/tidsskr.13.0049
http://dx.doi.org/10.4045/tidsskr.13.0049
http://dx.doi.org/10.4045/tidsskr.13.0049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24518478&dopt=Abstract
http://dx.doi.org/10.4045/tidsskr.13.0049
http://dx.doi.org/10.1111/j.1468-1331.2005.01351.x
http://dx.doi.org/10.1111/j.1468-1331.2005.01351.x
http://dx.doi.org/10.1111/j.1468-1331.2005.01351.x
http://dx.doi.org/10.1111/j.1468-1331.2005.01351.x
http://dx.doi.org/10.1111/j.1468-1331.2005.01351.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16324086&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-1331.2005.01351.x
http://dx.doi.org/10.1080/17482960701262376
http://dx.doi.org/10.1080/17482960701262376
http://dx.doi.org/10.1080/17482960701262376
http://dx.doi.org/10.1080/17482960701262376
http://dx.doi.org/10.1080/17482960701262376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17653917&dopt=Abstract
http://dx.doi.org/10.1080/17482960701262376
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21914052&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://dx.doi.org/10.1136/jnnp-2011-301530
http://dx.doi.org/10.1136/jnnp-2011-301530
http://dx.doi.org/10.1136/jnnp-2011-301530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22399794&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2011-301530
http://dx.doi.org/10.3109/17482968.2010.545420
http://dx.doi.org/10.3109/17482968.2010.545420
http://dx.doi.org/10.3109/17482968.2010.545420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21208036&dopt=Abstract
http://dx.doi.org/10.3109/17482968.2010.545420
http://dx.doi.org/10.1212/WNL.0000000000003686
http://dx.doi.org/10.1212/WNL.0000000000003686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28159885&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000003686
http://dx.doi.org/10.1136/jnnp-2017-315995
http://dx.doi.org/10.1136/jnnp-2017-315995
http://dx.doi.org/10.1136/jnnp-2017-315995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28642287&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2017-315995
http://dx.doi.org/10.1136/jnnp-2013-305546
http://dx.doi.org/10.1136/jnnp-2013-305546
http://dx.doi.org/10.1136/jnnp-2013-305546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23833266&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2013-305546

17. Roggenbuck J, Quick A, Kolb SJ. Genetic testing and genetic counseling
for amyotrophic lateral sclerosis: an update for clinicians. Genet Med 2017;
19: 267 - 74. [PubMed][CrossRef]

18. Hogden A, Crook A. Patient-centered decision making in amyotrophic
lateral sclerosis: where are we? Neurodegener Dis Manag 2017; 7: 377 - 86.
[PubMed][CrossRef]

19. Quaid KA. Genetic Testing for Huntington Disease. I: Andrew SF, Karen
EA, red. Huntington Disease. Elsevier Science Publishing Co Inc, 2017: 113—
26. Volum 144 i serien: Handbook of Clinical Neurology.

20. Al-Chalabi A. Perspective: Don't keep it in the family. Nature 2017; 550:
S112. [PubMed][CrossRef]

21. Talbot K. Familial versus sporadic amyotrophic lateral sclerosis—a false
dichotomy? Brain 2011; 134: 3429 - 31. [PubMed][CrossRef]

22. Scott A. Drug therapy: On the treatment trail for ALS. Nature 2017; 550:
S120 - 1. [PubMed][CrossRef]

23. Wagner KN, Nagaraja H, Allain DC et al. Patients with amyotrophic
lateral sclerosis have high interest in and limited access to genetic testing. J
Genet Couns 2017; 26: 604 - 11. [PubMed][CrossRef]

24. Wagner KN, Nagaraja HN, Allain DC et al. Patients with sporadic and
familial amyotrophic lateral sclerosis found value in genetic testing. Mol
Genet Genomic Med 2018; 6: 224 - 9. [PubMed][CrossRef]

25. Chia R, Chio A, Traynor BJ. Novel genes associated with amyotrophic
lateral sclerosis: diagnostic and clinical implications. Lancet Neurol 2018; 17:
94 - 102. [PubMed][CrossRef]

26. Lange DJ, Shahbazi M, Silani V et al. Pyrimethamine significantly lowers
cerebrospinal fluid Cu/Zn superoxide dismutase in amyotrophic lateral
sclerosis patients with SOD1 mutations. Ann Neurol 2017; 81: 837 - 48.
[PubMed][CrossRef]

Publisert: 3. September 2018. Tidsskr Nor Legeforen. DOI: 10.4045/tidsskr.18.0193
Received 23.2.2018, first revision submitted 11.5.2018, accepted 22.5.2018.
© Tidsskrift for Den norske legeforening 2026. Downloaded from tidsskriftet.no 4 July 2026.

Genetic testing in amyotrophic lateral sclerosis | Tidsskrift for Den norske legeforening


http://dx.doi.org/10.1038/gim.2016.107
http://dx.doi.org/10.1038/gim.2016.107
http://dx.doi.org/10.1038/gim.2016.107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27537704&dopt=Abstract
http://dx.doi.org/10.1038/gim.2016.107
http://dx.doi.org/10.2217/nmt-2017-0026
http://dx.doi.org/10.2217/nmt-2017-0026
http://dx.doi.org/10.2217/nmt-2017-0026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29165027&dopt=Abstract
http://dx.doi.org/10.2217/nmt-2017-0026
http://dx.doi.org/10.1038/550S112a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29045374&dopt=Abstract
http://dx.doi.org/10.1038/550S112a
http://dx.doi.org/10.1093/brain/awr296
http://dx.doi.org/10.1093/brain/awr296
http://dx.doi.org/10.1093/brain/awr296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22051609&dopt=Abstract
http://dx.doi.org/10.1093/brain/awr296
http://dx.doi.org/10.1038/550S120a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29045376&dopt=Abstract
http://dx.doi.org/10.1038/550S120a
http://dx.doi.org/10.1007/s10897-016-0034-y
http://dx.doi.org/10.1007/s10897-016-0034-y
http://dx.doi.org/10.1007/s10897-016-0034-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27761850&dopt=Abstract
http://dx.doi.org/10.1007/s10897-016-0034-y
http://dx.doi.org/10.1002/mgg3.360
http://dx.doi.org/10.1002/mgg3.360
http://dx.doi.org/10.1002/mgg3.360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29266834&dopt=Abstract
http://dx.doi.org/10.1002/mgg3.360
http://dx.doi.org/10.1016/S1474-4422(17)30401-5
http://dx.doi.org/10.1016/S1474-4422(17)30401-5
http://dx.doi.org/10.1016/S1474-4422(17)30401-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29154141&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(17)30401-5
http://dx.doi.org/10.1002/ana.24950
http://dx.doi.org/10.1002/ana.24950
http://dx.doi.org/10.1002/ana.24950
http://dx.doi.org/10.1002/ana.24950
http://dx.doi.org/10.1002/ana.24950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28480639&dopt=Abstract
http://dx.doi.org/10.1002/ana.24950

