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The management of Neuronal Ceroid Lipofuscinoses (NCL), a group of genetic

neurodegenerative disorders mainly affecting brain and retinas, raises difficult questions

for physicians and other professionals in research, pharmaceutical industry, and public

health. Ethical problems in medicine cannot be solved by rational deliberation or by

following formal rules. Two topics of ethical issues in the field of NCL are presented here.

One group relates to the care of individual patients and centers on a life with dementia

at a young age. Advanced care planning for the end of life and the use of life-prolonging

measures require challenging assumptions in the best interest of a patient. A second

group of questions relates to new treatments. Impressive novel putative causal therapies,

such as enzyme replacement for CLN2 disease, may be only disease-modifying and

carry the risk of changing a deadly disease of short duration into one with prolonged

survival and poor quality of life. The wish for better therapeutic interventions in life-limiting

diseases has to take such risks, but more experience is needed before definite

conclusions can be drawn. The appropriateness of presymptomatic screening for a

severe disease, e.g., must be carefully evaluated to avoid the disastrous experience

made with the rash start of newborn screening for Krabbe disease. The ethical issues

described and commented in the article reflect the personal experience of a pediatrician

who has studied clinical and research questions in NCL for four decades. They should

alert various professionals to the necessity of taking their own decisions in situations that

are caused by rare progressive brain diseases of young persons, as typified by the NCL.

Keywords: dementia, genetic, lysosomal storage disease, children, palliativemedicine, disease-modifying therapy,

newborn screening

INTRODUCTION

Ethical problems in medicine are questions that cannot be answered rationally or by following
standardized rules. Answers have to evolve on the basis of a personal attempt to come to terms
with an ethical dilemma. Neuronal Ceroid Lipofuscinoses (NCL), a group of genetic life-limiting
neurodegenerative disorders predominantly affecting the brain and retina of children, raise
questions that concern physicians involved in patient care as well as other professionals in research,
pharmaceutical industry, and public health.

This review reflects the personal experience of a pediatrician who has been dealing with NCL
families and research for four decades. Ethical issues encountered are presented in two sections:
questions related to the care of patients and more general questions with impact on other areas
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of healthcare. The article should allow readers to recognize
responsibilities of various professionals taking care of NCL and
show ways along which decisions can be reached.

ASPECTS OF A LIFE WITH DEMENTIA IN
THE YOUNG

The different NCL, named after their defects of the genes CLN1
to CLN14 (1), display a high clinical variability and can manifest
from birth to young adulthood (2). All forms of NCL lead to
dementia, helplessness and premature death. To understand the
personality and the psychosocial situation of a NCL patient, one
has to realize that the individual had been healthy and developed
normally before the onset of symptoms (with the exception of
congenital cases), that the clinical deterioration is inexorably
progressive, and that the patient and the family are repeatedly
confronted with terrifying and demanding situations.

The authorization of a physician to decide on ambiguous
ethical questions is derived from a thorough understanding of
a patient’s condition and from respecting the individuality of
the situation. Apart from these prerequisites and consideration
of the general principles of medical ethics [beneficence, non-
maleficence, autonomy, and justice (3)], little else is needed for
ethical deliberations of a responsibly acting physician.

Balancing Patient Autonomy and Dementia
A demented person unable to communicate verbally may still be
able to express a judgement on his or her own situation. The story
of a young man told in Box 1 illustrates this poignantly.

Comment. The ethical problem was deciding whether an
indication existed for starting artificial nutrition, an invasive
intervention that must have a treatment goal, must be supported
by scientific evidence, and requires patient consent (4). In this case,
indisputable evidence was absent, the patient’s will could only be
guessed from non-verbal signals, and a decision had to be made
together with parents on the basis of the personal judgment of a
physician familiar with the patient’s situation (“shared decision
making”) (5). In some countries, it is not legal to withdraw artificial
nutrition in terminally ill patients as it is not considered a medical
intervention but a component of basic care (4). In these countries,
it might be even more difficult to reach a balanced decision.

“Consensus with the nursing team”: For problems as described
in Box 1, multidisciplinary discussion and shared decision making
is usually advised. Consensus of the multiprofessional team is of
great importance for sustained patient care.While various involved
healthcare professionals may have different helpful arguments
and should be heard, the final responsibility should rest on a
single physician.

Vital Decisions in the Patient’s Best Interest
Choices of adults regarding the end of their lives are liberally
discussed at present, while legal frameworks remain controversial
(6, 7). Decision-making capacities of children and decisionally
vulnerable adults are even more delicate, but must not be
neglected (8, 9).

There is wide consensus that vital medical decisions should be
taken in the best interest of the patient. Defining this best interest

BOX 1 | A resolute personality.

Arthur (not his real name) was diagnosed with juvenile CLN3 disease as a

first grader after his vision had deteriorated. He was transferred to a school

for the visually handicapped. Gradually, he lost intellectual capacity and

developed seizures but remained a strong boy, good-humored when he

got his ways and fighting fiercely against everything he did not like. His

parents acquainted themselves with the dire prognosis and concluded that,

should their son become helpless, any measure to prolong life unnaturally

would appear to them entirely inappropriate. They asked if I, as the familiar

specialized pediatrician, would stand by them should such a situation arise.

I kept seeing Arthur from time to time.

Arthur ended up helpless, unable to converse verbally and being

cared for in an excellent nursing home. When he was 27, his parents, still

in custody, called me because he had started, without comprehensible

reason, to refuse feeding and reacted fiercely to any attempt of offering food.

Multidisciplinary examination did not reveal an organic explanation. When I

saw him, he was in good spirits and reacted in a friendly way. When offered a

spoonful of a favorite food, he vehemently turned away his head. His parents

assumed his behavior reflected that Arthur was “fed up” with life. I examined

him, observed him for a long time, and collected additional information from

persons who knew him. One of his teachers commented that he had always

reacted in such a way when something went against his will.

In the end, I concluded that the parents’ interpretation was probably

right and that the arguments for starting artificial nutrition were less weighty

than those for withholding it. Consensus of opinion with the nursing team

was reached and feeding was discontinued. Arthur’s mouth was kept

moist. He remained quiet without signs of discomfort. A few days later,

he developed fever and a cough, and subsequently pneumonia. When he

appeared to have difficulty breathing, he was given oxygen and eventually

morphine. Shortly afterwards, he died. Arthur’s death certificate read

“natural death.”

is difficult against the background of cognitive impairment and
in children. Substitutes must therefore form a proper idea of
a patient’s best interest. In children, the natural substitutes are
their parents. For them, this assignment can be a severe burden
that requires great emotional support and understanding of the
consequences of a decision. Supporting the parents, informing
and “educating” them appropriately (which typically requires
many repeated discussions) is a demanding job for the doctor
in charge.

Sometimes, accepting death as a consequence of a decision
may be in the best interest of the patient. A pediatrician will have
to make up his own mind about the patients’ wish and then try to
make the parents understandwhat is at stake.When the physician
succeeds with this, outside views coming from the family and
from their environment may further complicate the situation.
For a discussion of the best-interests-of-the-child framework, see
Engelhardt (10) and Zawati et al. (11).

Ideally, even parents as medical lay persons can appropriately
decide in difficult medical matters (see Box 1), provided they are
adequately informed and understand the consequences, not only
in respect to their child’s life but also in regard to their further
existence in their social world.

Advice can be given using differing attitudes, more
paternalistic or more objective, depending on the intellectual
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abilities and psychological circumstances. When consensus exists
between both parents and their physician, a vital decision can
be made without sharing responsibility with persons outside the
family. If this is not possible in exceptional cases, advice must be
sought from other sides, which may include institutional ethical
review boards. External advisers, however, should not give the
impression that they are taking a final decision. They should
rather facilitate discussion of arguments and help parents find a
decision they can live with. For further discussion, see Hain (12).

Comment: Measures or interventions to be taken or not
in critical situations to be expected must be discussed well in
advance. At an international workshop with participation of
patient families, it was concluded that decisions on life-prolonging
interventions in children with advanced NCL or other degenerative
brain diseases are highly individual but can be made in a rationally
and emotionally acceptable way (13).

Quality of Life
In the case of a helpless, non-communicative person with an
incurable life-limiting disease, speculations about the patient’s
quality of life are frequently expressed. Frommy own experience,
quality of life is an umbrella term covering a wide variety of
concepts. While an adult may declare that he would “rather
die than end up in a wheelchair,” the parent of a child in the
end stage of a progressive brain disease may say that there is
still sometimes a smile on the face of her child and therefore
the child’s quality of life is good. In many instances, the quality
of life of a severely incapacitated child fully depends on the
irreplaceable care, love, and health of parents. When these “quasi
inexhaustible resources” are lost due to the progress of time, when
a patient’s “child appeal” has disappeared or the parents have
died, a patient’s quality of life may strongly decrease.

Comment. Ethical decisions about a patient’s quality of life
should be considered as highly individual, which confers low
priority to “moral” considerations (moral referring to supra-
individual norms) from outside.

Families’ Quest for New Therapies
NCL are incurable diseases, but at present, several novel targeted
therapy approaches are emerging, and most parents of an
affected child express a strong desire to participate at a study
“at any price.” While eligibility of patients with rare diseases to
participate in a clinical trial is a complex matter, families must
understand some basic questions: the unpredictable outcome
and risks of a newly proposed procedure in general, and the
individual suitability of their child at the actual stage of the
progressive disease.

Comment. Advising a family in respect to a new treatment
requires much personal judgement. A study in families with
metachromatic leukodystroph (a progressive neurodegenerative
disease with similarities to NCL) showed that preservation of
speech or active communication, as well as a stop of disease
progression, had the highest parental priorities expected for new
treatments (14).

ASPECTS RELATED TO NOVEL
THERAPIES

Recently, clinical trials that were performed under rigidly
controlled circumstances have shown that enzyme replacement
therapy (ERT) in patients with CLN2 disease can significantly
slow down the progressive deterioration of neurological function
(15). Not surprisingly, this exciting achievement is fraught with
new challenging ethical questions.

Experimental Therapies Outside Clinical
Trials
Once a new treatment has been shown to be safe and efficacious
and has been approved by the regulatory authorities, it remains
experimental for some time for a variety of reasons. In the
case of ERT for CLN2 disease, which involves repeated complex
invasive procedures for drug delivery to the brain (15), one of
the remaining questions is how the results will look like when the
treatment is used under less strictly controlled conditions. Such
observations have been made in France (16) and in Colombia
(17) but do not suffice yet in this respect.

Comment. Once an experimental drug is selling well, the

producing company’s interest to critically follow late results of
treatment may fade away. Whose obligation is it then to take
over responsibility?

New Targeted Therapies—Are They Only
Disease-Modifying?
Another aspect of novel treatments in severe rare diseases causes
much greater concern. While enzyme replacement therapy for
CLN2 disease effectively slows neurological progression, there
are no long-term results yet (15). In the waiting time, we have
to make efforts to shift the time point of diagnosis to younger
ages, as an early start of treatment, ideally in pre-symptomatic
children, will most probably have an impact on the results.

In the meantime, clinicians and researchers have to live with
an uncomfortable risk. Untreated late infantile CLN2 disease
leads to loss of all human abilities and death at about 10 years of
age. Enzyme replacement treatment delays the losses of mental
and motor function (not that of vision) significantly but with
unknown psychomotor functions later in life. It may be that
treatment modifies a terrible disease with short life expectancy
into a long life with possibly poor quality of life (Figure 1).

Analogous problems have occurred with other
neurodegenerative disorders of childhood. Infantile Krabbe
disease is a lysosomal degenerative brain disease that leads
to death within the first 2 years of life. Hematological stem
cell transplantation can curb the progressive brain destruction
and leads, when performed shortly after birth, to prolonged
survival and achievement of more psychomotor abilities than
untreated patients can obtain. The overall results of treatment,
however, have been disappointing (18). Long before this became
recognizable and other important facts being also unknown,
newborn screening for Krabbe disease was enthusiastically
introduced in the state of New York in 2006. This project has
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FIGURE 1 | Scheme of the psychomotor development of children. The thick

straight line represents the development of a healthy child who steadily gains

abilities with increasing age. The thin curved line represents a child with

degenerative brain disease. When effective therapy is started after appearance

of symptoms (black dot), different deviations from the natural course of

disease are possible (broken lines A–D).

been associated with many false hopes and binding of enormous
resources (19).

Spinal muscular atrophy (SMA), a progressive neuromuscular
disorder, is caused by a gene defect leading to the dying off of
motoneurons. Infants with the SMA1 type mostly die within
the first 2 years of life or require ventilation >16 h per day.
Recently developed genetically targeted therapies drastically alter
the rapid progression of the disease in the 1st years of life; the later
course of disease remains uncertain (20) as longitudinal data are
outstanding. Extraordinarily high costs (drug prices, personnel
resources, etc.) in the context of limited available evidence are
calling for a just balance of interests of patients, healthcare
systems, pharmaceutical industry, and society (21).

Comment. Clinical research has to take risks to achieve
therapeutic progress but may contemporaneously create new
problems by disease-modifying therapies. We must continue to
analyze what we are doing and define responsibilities.

Newborn Screening
The principle of newborn screening for treatable rare diseases is
detecting them in a preclinical stage and preventing the outbreak
of symptoms by early intervention. Given the treatability of
CLN2 patients by enzyme replacement therapy (15), the disease
becomes an applicant for inclusion into routine newborn
screening. Feasibility and reliability of testing for the disease
in dried blood samples for use with screening have been
demonstrated (22).

The “classic” view of the appropriateness of newborn
screening for a disease is that it can be treated effectively.
Due to the lack of long-term data on enzyme replacement
therapy in CLN2 patients, this disease at present does not

qualify for newborn screening. Recently, a “non-classic” view
has argued that screening is appropriate even for diseases
without available treatment. Proponents of this view list as
values of such an expanded screening that it gives parents
diagnostic and prognostic information about their child, allows
them to make more informed reproductive decisions, improve
symptomatic therapies, and will stimulate research on poorly
understood diseases (23). Implementing an expanded screening
of this kind appears at present impossible in Europe, given
legal and other restrictions. Nevertheless, studies of newborn
screening for several lysosomal storage disorders (24), among
them for mucopolysaccharidoses (25, 26), have documented
their feasibility and have investigated ethical, political, and other
remaining obstacles for including these diseases into general
screening programs.

Comment. Amore liberal view of newborn screening that would
include diseases with questionable or even absent treatability bears
some attractivity. Among the obstacles of implementation are the
complexity of an imperative prenatal education (27) and respect
for a “right not to know” (28).

Public Health and General Research Issues
NCL belong to the thousands of diseases for which the fact
of their rarity adds to suffering of patients and hampers the
development of treatments. Rarity leads to insufficient knowledge
of the course of disease and of disease mechanisms and to too few
participants in clinical trials of proposed new therapies (29, 30).
Rarity creates a host of questions for stakeholders in the field:
affected patients with their families, patient organizations and
supporting foundations, healthcare providers (medical services
and pharmaceutical industry), insurance or other payments
systems, public health policymakers, and research institutions.

Clinical research faces the impact of a set of rare disease
characteristics that influence the methodology of completing
robust studies (29). A study of the perspectives of different
stakeholders on therapy-related research concluded that
stakeholders have divergent views on rare disease research but
share concerns about the risks vs. benefits of therapies when
making their decisions (31).

Development of drugs or procedures for rare diseases and
their pricing is causing much debate. An extreme situation
was reached when an individualized drug therapy with an
allele-specific oligonucleotide was developed for a single patient
suffering from a type of NCL caused by a specific rare mutation
of the CLN7 gene (32). A systematic review of ethical problems
linked to rare diseases and orphan drugs lists the following major
issues: the funding of research, the significance of non-economic
values like compassion and beneficence in decision-making, the
identification of limits to labeling diseases as rare, barriers to
supranational cooperation, and determining panels of decision-
makers (33). Rare disease policies and reimbursement systems for
orphan medicinal products and healthcare services differ greatly
between countries (34, 35).

In a process known as venture philanthropy, private
foundations obliged to specific diseases have formed partnerships
with industry and federal agencies to share the financial risk
of therapeutic development (36). For three lysosomal storage
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disorders, a charitable access program for patients in underserved
communities worldwide has been instituted (37). This program
could become a model for cooperation between industry,
patient organizations, and governmental and non-governmental
organizations in fighting rare diseases.

Comment. The rarity alone of a disease causes a multitude
of problems. As 3–6% of the world population are affected by
thousands of rare diseases (38), the potential load required by these
diseases for healthcare and research is astronomical.

Further Topics
In NCL, as in many genetic devastating diseases, professionals
will be confronted with further topics requiring difficult ethical
decisions: prenatal diagnosis, pre-implantation diagnosis, or
results of carrier screening as determinants of reproductive
choices (39). These are beyond the scope of this review.

DISCUSSION

Difficult questions related to NCL or similar diseases are
manifold and have been presented here as forming two major
groups. One group centers on the care of individual patients on
their way to dementia, complete helplessness, and early death.
Advanced care planning for the end of life and assumptions

on the best interest of a patient constitutes one of the most
challenging problems. A second group of problems mainly
concerns experimental, targeted therapies. New therapies, even
when astonishingly effective, carry the risk of being disease-
modifying with a potentially undesirable outcome. The sections
in the text on single problem areas are followed by short personal
comments that try to mark particularly hot spots of discussion
(printed in italics).

In conclusion, the ethical issues presented should make
physicians and other professionals, including researchers and
politicians, aware of having to take their own decisions in widely
different situations caused by progressive brain diseases of young
persons, as they typically occur in NCL.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

ACKNOWLEDGMENTS

I thank Prof. Maja von der Hagen, Abteilung Neuropädiatrie,
Technische Universitaet Dresden, Germany, for discussing
the manuscript.

REFERENCES

1. Williams RE, Mole SE. New nomenclature and classification scheme

for the neuronal ceroid lipofuscinoses. Neurology. (2012) 79:183–91.

doi: 10.1212/WNL.0b013e31825f0547

2. Nita DA, Mole SE, Minassian BA. Neuronal ceroid lipofuscinoses. Epileptic

Disord. (2016) 18:73–88. doi: 10.1684/epd.2016.0844

3. Beauchamp T. The ‘four principles’ approach to health care ethics. In Ashcroft

R, Dawson A, Draper H, Mcmillan J, editors. Principles of Health Care Ethics.

West Sussex: John Wiley and Sons, Inc (2007). p. 3–10.

4. Cardenas D. Ethical issues and dilemmas in artificial nutrition and hydration.

Clin Nutr ESPEN. (2021) 41:23–9. doi: 10.1016/j.clnesp.2020.12.010

5. Santoro JD, Bennett M. Ethics of end of life decisions in pediatrics: a narrative

review of the roles of caregivers, shared decision-making, and patient centered

values. Behav Sci (Basel). (2018) 8:50042. doi: 10.3390/bs8050042

6. Ulrich LP. The Patient Self-Determination Act: Meeting the Challenges in

Patient Care. Washington: Georgetown University Press (1999).

7. Botti C, Vaccari A. End-of-life decision-making and advance care directives in

Italy. A report and moral appraisal of recent legal provisions. Bioethics. (2019)

33:842–8. doi: 10.1111/bioe.12615

8. Dalpe G, Thorogood A, Knoppers BM. A tale of two capacities:

including children and decisionally vulnerable adults in biomedical

research. Front Genet. (2019) 10:289. doi: 10.3389/fgene.2019.

00289

9. FayM, Guadarrama J, Colmenares-Roa T,Moreno-Licona I, Cruz-Martin AG,

Pelaez-Ballestas I. The relationship between proxy agency and the medical

decisions concerning pediatric patients in palliative care: a qualitative study.

BMC Palliat Care. (2021) 20:27. doi: 10.1186/s12904-021-00723-4

10. Engelhardt HT. (2010). Beyond the best interests of children: four views of

the family and of foundational disagreements regarding pediatric decision

making. J Med Philos. 35, 499–517.

11. Zawati MH, Parry D, Knoppers BM. The best interests of the child and the

return of results in genetic research: international comparative perspectives.

BMCMed Ethics. (2014) 15:72. doi: 10.1186/1472-6939-15-72

12. Hain RDW. Voices of moral authority: parents, doctors and what will actually

help. J Med Ethics. (2018) 44:458–61. doi: 10.1136/medethics-2017-104705

13. Kohlschütter A, Riga C, Crespo D, Torres JM, Penchaszadeh V,

Schulz A. Ethical issues with artificial nutrition of children with

degenerative brain diseases. Biochim Biophys Acta. (2015) 1852:1253–6.

doi: 10.1016/j.bbadis.2015.03.007

14. Eichler FS, Cox TM, Crombez E, Dali CI, Kohlschutter A. Metachromatic

leukodystrophy: an assessment of disease burden. J Child Neurol. (2016)

31:1457–63. doi: 10.1177/0883073816656401

15. Schulz A, Ajayi T, Specchio N, De Los Reyes E, Gissen P, Ballon D, et al. Study

of intraventricular cerliponase alfa for CLN2 disease. N Engl J Med. (2018)

378:1898–907. doi: 10.1056/NEJMoa1712649

16. Estublier B, Cano A, Hoebeke C, Pichard S, Scavarda D, Desguerre I, et al.

Cerliponase alfa changes the natural history of children with neuronal ceroid

lipofuscinosis type 2: the first French cohort. Eur J Paediatr Neurol. (2021)

30:17–21. doi: 10.1016/j.ejpn.2020.12.002

17. Espitia Segura OM, Hernández Z, Mancilla NI, Naranjo RA, Tavera

L. Real world effectiveness of cerliponase alfa in classical and atypical

patients. A case series. Mol Genet Metab Rep. (2021) 27:100718.

doi: 10.1016/j.ymgmr.2021.100718

18. Graf WD. Stem cell transplantation in Krabbe disease: new truths

discovered and opinions change. Neurology. (2017) 89:1318–9.

doi: 10.1212/WNL.0000000000004427

19. Ehmann P, Lantos JD. Ethical issues with testing and treatment for Krabbe

disease. Dev Med Child Neurol. (2019) 61:1358–61. doi: 10.1111/dmcn.

14258

20. Ojala KS, Reedich EJ, Didonato CJ, Meriney SD. In search of a cure:

the development of therapeutics to alter the progression of spinal

muscular atrophy. Brain Sci. (2021) 11:194. doi: 10.3390/brainsci1102

0194

21. Kirschner J, Butoianu N, Goemans N, Haberlova J, Kostera-Pruszczyk A,

Mercuri E, et al. European ad-hoc consensus statement on gene replacement

therapy for spinal muscular atrophy. Eur J Paediatr Neurol. (2020) 28:38–43.

doi: 10.1016/j.ejpn.2020.07.001

22. Lukacs Z, Nickel M, Murko S, Nieves Cobos P, Schulz A, Santer R, et al.

Validity of a rapid and simple fluorometric tripeptidyl peptidase 1 (TPP1)

assay using dried blood specimens to diagnose CLN2 disease. Clin Chim Acta.

(2019) 492:69–71. doi: 10.1016/j.cca.2019.02.010

Frontiers in Neurology | www.frontiersin.org 5 June 2021 | Volume 12 | Article 692527

https://doi.org/10.1212/WNL.0b013e31825f0547
https://doi.org/10.1684/epd.2016.0844
https://doi.org/10.1016/j.clnesp.2020.12.010
https://doi.org/10.3390/bs8050042
https://doi.org/10.1111/bioe.12615
https://doi.org/10.3389/fgene.2019.00289
https://doi.org/10.1186/s12904-021-00723-4
https://doi.org/10.1186/1472-6939-15-72
https://doi.org/10.1136/medethics-2017-104705
https://doi.org/10.1016/j.bbadis.2015.03.007
https://doi.org/10.1177/0883073816656401
https://doi.org/10.1056/NEJMoa1712649
https://doi.org/10.1016/j.ejpn.2020.12.002
https://doi.org/10.1016/j.ymgmr.2021.100718
https://doi.org/10.1212/WNL.0000000000004427
https://doi.org/10.1111/dmcn.14258
https://doi.org/10.3390/brainsci11020194
https://doi.org/10.1016/j.ejpn.2020.07.001
https://doi.org/10.1016/j.cca.2019.02.010
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Kohlschütter Ethical Issues in NCL

23. Lantos JD. Dangerous and expensive screening and treatment for rare

childhood diseases: the case of Krabbe disease. Dev Disabil Res Rev. (2011)

17:15–8. doi: 10.1002/ddrr.133

24. Peake RW, Bodamer OA. Newborn screening for lysosomal storage disorders.

J Pediatr Genet. (2017) 6:51–60. doi: 10.1055/s-0036-1593843

25. Parini R, Broomfield A, Cleary MA, De Meirleir L, Di Rocco M, Fathalla

WM, et al. International working group identifies need for newborn screening

for mucopolysaccharidosis type I but states that existing hurdles must be

overcome. Acta Paediatr. (2018) 107:2059–65. doi: 10.1111/apa.14587

26. Arunkumar N, Langan TJ, Stapleton M, Kubaski F, Mason RW, Singh R, et al.

Newborn screening of mucopolysaccharidoses: past, present, and future. J

Hum Genet. (2020) 65:557–67. doi: 10.1038/s10038-020-0744-8

27. Botkin JR, Rothwell E, Anderson RA, Rose NC, Dolan SM, Kuppermann M,

et al. Prenatal education of parents about newborn screening and residual

dried blood spots: a randomized clinical trial. JAMA Pediatr. (2016) 170:543–

9. doi: 10.1001/jamapediatrics.2015.4850

28. Berkman BE, Hull SC. The “right not to know” in the genomic

era: time to break from tradition? Am J Bioeth. (2014) 14:28–31.

doi: 10.1080/15265161.2014.880313

29. Whicher D, Philbin S, Aronson N. An overview of the impact of rare disease

characteristics on research methodology. Orphanet J Rare Dis. (2018) 13:14.

doi: 10.1186/s13023-017-0755-5

30. Mayrides M, Ruiz De Castilla EM, Szelepski S. A civil society view of rare

disease public policy in six Latin American countries. Orphanet J Rare Dis.

(2020) 15:60. doi: 10.1186/s13023-020-1314-z

31. Tingley K, Coyle D, Graham ID, Chakraborty P, Wilson K, Potter BK, et al.

Stakeholder perspectives on clinical research related to therapies for rare

diseases: therapeutic misconception and the value of research.Orphanet J Rare

Dis. (2021) 16:26. doi: 10.1186/s13023-020-01624-0

32. Woodcock J, Marks P. Drug regulation in the era of individualized therapies.

N Engl J Med. (2019) 381:1678–80. doi: 10.1056/NEJMe1911295

33. Kacetl J, Maresova P, Maskuriy R, Selamat A. Ethical questions

linked to rare diseases and orphan drugs - a systematic review. Risk

Manag Healthc Policy. (2020) 13:2125–48. doi: 10.2147/RMHP.S26

0641

34. Czech M, Baran-Kooiker A, Atikeler K, Demirtshyan M, Gaitova K,

Holownia-Voloskova M, et al. A review of rare disease policies and orphan

drug reimbursement systems in 12 Eurasian countries. Front Public Health.

(2019) 7:416. doi: 10.3389/fpubh.2019.00416

35. Stawowczyk E, Malinowski KP, Kawalec P, Bobinski R, Siwiec J, Panteli

D, et al. Reimbursement status and recommendations related to

orphan drugs in european countries. Front Pharmacol. (2019) 10:1279.

doi: 10.3389/fphar.2019.01279

36. Ramsey BW, Nepom GT, Lonial S. Academic, foundation, and industry

collaboration in finding new therapies. N Engl J Med. (2017) 376:1762–69.

doi: 10.1056/NEJMra1612575

37. Mehta A, Ramaswami U, Muenzer J, Giugliani R, Ullrich K, Collin-Histed T,

et al. A charitable access program for patients with lysosomal storage disorders

in underserved communities worldwide. Orphanet J Rare Dis. (2021) 16:8.

doi: 10.1186/s13023-020-01645-9

38. EURORDIS The Voice of Rare Disease Patients in Europe [Online] (2020).

Available online at: https://www.eurordis.org (accessed March 01, 2021).

39. Sparks TN. Expanded carrier screening: counseling and considerations.

Hum Genet. (2020) 139:1131–9. doi: 10.1007/s00439-019-0

2080-y

Conflict of Interest: The author declares that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Kohlschütter. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 6 June 2021 | Volume 12 | Article 692527

https://doi.org/10.1002/ddrr.133
https://doi.org/10.1055/s-0036-1593843
https://doi.org/10.1111/apa.14587
https://doi.org/10.1038/s10038-020-0744-8
https://doi.org/10.1001/jamapediatrics.2015.4850
https://doi.org/10.1080/15265161.2014.880313
https://doi.org/10.1186/s13023-017-0755-5
https://doi.org/10.1186/s13023-020-1314-z
https://doi.org/10.1186/s13023-020-01624-0
https://doi.org/10.1056/NEJMe1911295
https://doi.org/10.2147/RMHP.S260641
https://doi.org/10.3389/fpubh.2019.00416
https://doi.org/10.3389/fphar.2019.01279
https://doi.org/10.1056/NEJMra1612575
https://doi.org/10.1186/s13023-020-01645-9
https://www.eurordis.org
https://doi.org/10.1007/s00439-019-02080-y
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Ethical Issues in Care and Treatment of Neuronal Ceroid Lipofuscinoses (NCL)–A Personal View
	Introduction
	Aspects of a Life With Dementia in the Young
	Balancing Patient Autonomy and Dementia
	Vital Decisions in the Patient's Best Interest
	Quality of Life
	Families' Quest for New Therapies

	Aspects Related to Novel Therapies
	Experimental Therapies Outside Clinical Trials
	New Targeted Therapies—Are They Only Disease-Modifying?
	Newborn Screening
	Public Health and General Research Issues
	Further Topics

	Discussion
	Author Contributions
	Acknowledgments
	References


