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Abstract

and gaining informed consent for novel treatments.

Friedreich Ataxia (FA) is an incurable neurodegenerative disease with systemic consequences affecting vital organs
including those of the central and peripheral nervous systems. This article will use FA as an example to explore
some of the practical and ethical issues emerging in precision medicine for rare diseases. It will first describe the
existing management strategies available for FA patients, before considering the potential impact of gene therapy
trials on the prevention and treatment of disease symptoms. Finally, ethical considerations will be discussed,
including equity of access and managing resource allocation dilemmas; balancing benefits, burdens and harms;

Introduction

Friedreich Ataxia (FA) is an incurable neurodegenerative
disease with systemic consequences affecting vital organs
including those of the central and peripheral nervous sys-
tems [6]. Approximately one in 29,000 people are affected
and while this classifies FA as a rare disease, it remains
the most common form of hereditary ataxia with 1 in 85
Caucasians being disease carriers [18, 44]. First symp-
toms often present at the age of 5-25 years and become
progressively worse. In early disease, patients suffer from
an unsteady gait, and many become full-time wheelchair-
users within ten years of diagnosis [33]. In later stages of
the disease, severe symptoms including slurred speech,
dysphagia, spasticity, and compromised vision ensue
[10, 20, 44]. Approximately 60% of patients succumb to
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a premature death at 35 years or younger due to heart
complications [33, 37, 39].

In 96-98% of cases, FA is caused by an autosomal reces-
sive inheritance of a guanine-adenine-adenine (GAA)
repeat expansion in intron 1 of the frataxin (FXN) gene
[29, 33]. A minority of FA patients are compound het-
erozygotes for this mutation [13]. Healthy individuals
normally carry up to 36 GAA repeats but people with
FA are found to have more than double, typically 120
to 1700 repeats [7, 29]. The length of the GAA repeats
is positively correlated to the severity of FA symptoms,
with studies suggesting an inverse correlation between
GAA expansion length and disease onset age, as well as
a positive correlation between expansion size and disease
progression [36]. The FXN gene codes for a ubiquitously
expressed protein that is responsible for controlling iron
transport and respiration in the mitochondria [33]. How-
ever, the GAA repeat expansion partially silences the
FXN gene and reduces FXN protein levels. Consequently,
iron accumulates in cells and tissues, triggering lipid per-
oxidation, oxidative stress, inflammation and cell death
[6].
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This article will use FA as an example to explore some
of the practical and ethical issues emerging in precision
medicine for rare diseases. It will first describe the exist-
ing management strategies available for FA patients,
before considering the potential impact of gene therapy
trials on the prevention and treatment of disease symp-
toms. Finally, ethical considerations will be discussed,
including equity of access and managing resource alloca-
tion dilemmas; balancing benefits, burdens and harms;
and gaining informed consent for novel treatments. This
paper adopts an applied principlist methodology due to
its wide applicability to assessing both stakeholder-spe-
cific and population-wide ethical implications of novel
treatment paradigms and its focus on universal principles
with relevance across various cultures and age groups [1].

Existing and emerging treatments for FA

The sole clinically-approved FA drug, omaveloxolone, is
only accessible to the patients over the age of 16 resid-
ing in the United States and countries within the Euro-
pean Union [3]. Furthermore, omaveloxolone primarily
acts as an inducer of the Nrf2 oxidative stress pathway
and it was not designed to restore normal levels of FXN
[6, 32, 44]. The optimal treatment must be able to restore
normal levels of FXN protein expression and/or reduce
oxidative stress and inflammation while restoring mito-
chondrial function [6]. As the saying goes, “prevention is
better than cure,” thus recent research efforts have mostly
focused on increasing levels of FXN gene expression in
affected individuals, with the hope of halting the onset
of the downstream pathological processes. This has led
to investigations involving gene therapy to determine if
it can offer a sustainable and safe option for FA patients.
Due to the nature and typical onset pattern of FA, candi-
dates for gene therapy are likely to include newborns or
children, highlighting additional ethical complexity when
seeking informed consent for experimentation.

Gene therapy has been approved for treatment of
related ataxias involving different kinds of DNA repeats
[25]. This form of therapy can be delivered into patients
via viral and non-viral vectors [26]. While non-viral vec-
tors have been shown to exert low immunotoxicity in
patients, their efficacy in successfully entering cells and
integrating the “corrected” gene into the host genome is
questionable. This has shifted the focus to the use of viral
vectors due to the infectious nature of viruses and their
capacity to successfully transfect the host cells with their
genetic material, in gene therapy [26]. Such vectors can
sustain prolonged expression of the target gene delivered
and while harmless antibodies in response to the viral
vectors may develop over time, concerns surrounding
irreversible systemic genetic modifications, immunotox-
icity and increased cancer risk prevail; thus limiting the
uptake of such trials [4, 26].
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Some studies have used viral vectors to mediate the
transplantation of haematopoietic stem and progeni-
tor cells to deliver normal FXN proteins to the patient
but the fear of host rejection and the toxicity of overex-
pressing the FXN gene also threatens the feasibility of
this treatment [30, 34]. However, for Friedreich ataxia
patients where there is no cure but only a single clini-
cally-approved treatment exists for certain age groups
and individuals in some countries, gene therapy is still
seen as an attractive therapeutic option to stop the pro-
gression of this debilitating disease in order to maintain
a relatively good quality of life [37]. A study investigated
the perceptions of at least 133 participants (64% patient
and 36% parent/caregiver) with regards to gene therapy.
This study reported that there was general consensus
that “the most severe patients with FA should be treated
first” but participants were unsure if “children should
be treated with gene therapy before adult patients”; and
approximately 40 to 50% of the participants were will-
ing to try the therapy immediately even if it is given at
a more conservative “lower” dose and knowing the risks
and possible side effects [37]. Many pre-clinical studies
examining the prospects of viral vector-mediated gene
therapy using animal models have been reviewed but to
our knowledge, there is only one ongoing trial that uses
an adeno-associated virus (AAV) to deliver gene therapy
(i.e. LX2006) in patients with FA [22, 26, 35]. LX2006
directly targets the cardiac muscle cells via intravenous
injections into the patient with the aim to transfer a nor-
mal functioning FXN gene to these cells that will increase
mitochondrial FXN protein level which will sustain mito-
chondrial function and prevent apoptosis [22, 24]. How-
ever, only FA patients who demonstrated first symptoms
younger than the age of 25, with FA cardiomyopathy and
with satisfactory levels of antibodies are eligible for this
trial. Hence, only a small subset of patients would be able
to trial this gene therapy.

The use of genetically-modified organisms (GMO)
or their constituents (e.g. viral vectors) in gene therapy
poses a biological hazard and therefore there is a need
for rigorous risk assessment and critical scrutiny in man-
aging the administration of the said treatment and the
removal of waste from the patient that may contain viral
vector-based GMO (including in their feces) [43]. GMO-
contaminated wastes introduced to the environment can
impact agriculture, animal husbandry and biodiversity
that may consequently generate food from sources with
cumulative mutations over time that may have long-term
health risks [38, 40]. Therefore, medical staff involved in
providing gene therapy to patients will need to be trained
to safely and legally handle GMO medicines, dispose of
any waste materials including biological specimens from
patients in a biosafety hazard container for subsequent
decontamination, and engage in hygienic practices which
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minimizes the risk of infection in the patient receiving
the gene therapy [43]. This raises the question if patients
will need to make alternative sanitary arrangements in
relation to their excrement disposal at home or in public
settings, which has been an active debate amongst clini-
cians. The majority of the viral particles from the patients
are shed into their urine and feces which are removed via
household and sewage water before entering the environ-
ment. One study assessed the impact of AAVs that have
exited the patient’s body on the natural environment [9].
It was comforting to learn that 90% of AAV-containing
solid sewage (i.e. sludge) is degraded within 3 h of dis-
posal and it was found that the half-life of the AAVs in
water is seven days [9]. While the number of vector par-
ticles shed by a patient are reported to be relatively high,
these amounts are too low to elicit a successful transduc-
tion, as confirmed by in vitro tests conducted by Pfizer,
the pharmaceutical company [9]. This study concluded
that viral particles shed in human waste do not remain
stable and/or soluble once they enter a typical wastewa-
ter treatment facility to be treated and therefore do not
present as a threat to the natural environment [9]. A
simplified and risk-based regulation of medicinal GMOs
need to be implemented to help significantly reduce the
time required to deliver much needed life-saving medi-
cines to FA patients without compromising patient safety
or posing a potential risk to the environment.

Resource allocation dilemmas: ethical issues
regarding equity of access to treatment

A major ethical issue regarding FA relates to equity of
access to treatment and diagnosis. As noted above, access
to omaveloxolone is currently limited according to geo-
graphic location, age, and financial status, with online
distributors advertising the brand-named 50-mg pills at
$360USD each ($32,477 for a box of 90) and noting there
are no generic alternatives [8]. While some financial
assistance options are listed, these are again restricted
to citizens of certain countries with confirmed diagno-
ses who meet various other conditions. Likewise, gain-
ing access to experimental drugs, including TAK-831
and CTI-1601, through clinical trials is only possible for
patients meeting strict eligibility criteria [30]. Perlman
[30] notes that at present, most patients with cerebellar
ataxias are only able to receive medications and thera-
pies that target the various symptoms that “complicate
an ataxic illness,” such as “tremor, myoclonus, dystonia,
and rigidity...[s]pasticity, pain, fatigue, depression, sleep
disturbances, cognitive decline, and bowel and bladder
dysfunction, if they occur” (p. 1664). Accepting there
will likely never be “one ‘magic bullet” that can address
all these complications or “be approved as ‘the cure’ for
ataxia,” Perlman suggests there will instead “most likely
be a ‘cocktail’ of agents, some disease-specific and some
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ataxia-specific, that will ultimately turn the neurodegen-
erative cerebellar disorders into treatable diseases” (p.
1663). However, cocktails are expensive, and pharmaceu-
tical cocktails even more so, thereby significantly increas-
ing the potential disparities between health outcomes
for FA patients on socio-economic grounds. Like many
chronic and incurable diseases, reliance on multiple med-
ications for symptom management increases overall cost
and therefore the treatment gap between patients cov-
ered by national or private insurances schemes and those
who must privately fund their (or their child’s) treatment.
Families lacking financial resources in the latter category
may not be able to afford all components of the current
best practice “cocktail,” thereby diminishing efficacy. A
future curative option, whether it be pharmaceutical or
achieved through gene therapy, would reduce these life-
long costs while contributing significant improvements
to quality of life.

One of the reasons developing new FA treatments is
so expensive is the condition is classified as rare, which
in the EU means it manifests in less than five people per
10,000 population, and in the US means it affects less
than 200,000 citizens in total [28]. This substantially
increases the cost of conducting a statistically valid clini-
cal trial as there are fewer patients in the clinical trial
community and thus participants must be recruited
across various geographical regions. Increased costs
in research and development are then translated into
higher costs when future treatments are approved, par-
ticularly when the total number of future consumers is
also expected to be comparatively low. Palau [28] relates
that the International Rare Diseases Research Consor-
tium listed as one of its 2017-2027 goals that persons
with rare diseases receive “accurate diagnosis, care, and
available therapy, with 1 year of coming to medical atten-
tion” (p. 149). However, this author also notes that such a
goal is dependent on expanding available genomic test-
ing and genetic therapies, interventions that are only
available in advanced facilities at considerable expense.
Using LX2006 as an example, this gene therapy candi-
date carries both “rare pediatric disease” and “US orphan
drug” designations [22]. This means that the US Food
and Drug Administration [11] incentivizes drug develop-
ment through granting certain tax credits, waiving user
fees, and promoting the potential for a seven-year mar-
ket exclusivity period following approval, in recognition
of the limited market for a rare disease treatment [11].
Assuming some of the emerging gene therapies discussed
previously in this paper become successful, benefiting
from these also first requires individualized genomic pro-
filing [28], which is financially out of reach for many indi-
viduals and families.

FA does not just demonstrate inequity in treatment
access but also inequity in clinical outcomes even among
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advantaged communities, due in large part to delayed
diagnosis leading to irreversible cardiac damage. Hanson
et al. [16] note up to 5% of FA patients initially present
with severe cardiomyopathy without traditional neuro-
logical symptoms. However, early diagnosis and preven-
tive care often rely on access to genetic testing, which
may not always be available or financially possible [19].
Similarly, detection of cardiac dysfunction often depends
on the use of high-resolution imaging techniques, while
cerebellar atrophy can be visualized using magnetic
resonance imaging (MRI) [5, 23]. In much of the world,
access to these technologies is severely limited, and even
in highly developed healthcare systems there are often
out-of-pocket expenses.

From a global health equity perspective, it is particu-
larly telling that although the epidemiology of FA in Cau-
casian populations is well described, the first genetically
confirmed case in a West African family was reported
as recently as 2021 [5]. The authors of the relevant case
report note once genetic testing becomes more widely
available to families in African nations, understanding of
FA and its phenotypic variability may improve, conclud-
ing: “In addition, whole genome sequencing of cohorts
in diverse populations may identify other disease-mod-
ifying variants that could be used as therapeutic tar-
gets” While such sequencing may not be necessary for
individual diagnosis, these authors suggest the informa-
tion will be essential for building more diverse profiles
for FA beyond its typical manifestation among those of
European descent. More complete data regarding FA’s
genetic epidemiology and global inheritance patterns is
essential to further characterize the disease and develop
new treatments. However, while increasing the diversity
of research participants in trials of FA drugs and future
gene therapies is necessary, as with all forms of precision
medicine, there are widespread criticisms regarding the
potential for knowledge gained from such studies to only
benefit wealthier patients and populations. As Galasso
[14] and Viana [41] note, “downstream exclusivity”
means the therapeutic products developed from medi-
cal research may be inaccessible to marginalized popula-
tions, or simply fail to confer any benefits due to being
designed for other patients (typically those of European
ancestry). If FA being rare among Caucasians is limiting
drug development, this issue must be compounded fur-
ther for non-Caucasian patients where disease manifesta-
tion is rarer still.

A further equity concern relates to the allocation
of finite resources within the broader healthcare sys-
tem. Both domestically and internationally, novel gene
therapies represent a costly intervention and have dem-
onstrated limited successes to date. From a resource allo-
cation perspective, the high cost of these treatments (and
their associated trials) also represent an opportunity cost
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for both privatized and socialized healthcare systems,
where the costs of providing access to treatments for one
patient group must necessarily be balanced against the
needs of others. As discussed previously, there is also dis-
agreement regarding whether children with FA should be
given preference for new treatments compared to adults,
or whether limited supplies should only be targeted
to the most severe cases, which speak to both resource
allocation and safety considerations. For FA, newborns
and children are ideal candidates for gene therapy, espe-
cially given the trajectory of the disease and impact on
life expectancy. However, children cannot consent to
the risks of unproven gene therapies or the associated
burdens of these interventions. These issues will now be
considered further in terms of the need to balance the
potential burdens and benefits of novel gene therapies.

Balancing benefits, burdens, and harms in novel
gene therapy

A clear benefit of improving genetic testing and individ-
ualized therapies for FA relate to its status as an inher-
ited condition. More accurate diagnostic processes for
one patient necessarily impact other genetically related
individuals at higher risk of the condition, while better
therapies can reduce the negative effects of the disease
for the whole family, even when only one member may
be directly affected. Papadopoulou et al. [29] suggest that
identifying and testing family members at risk of inher-
ited neurological conditions can improve disease sur-
veillance and management in cases where mutations are
detected and avoid “needless anxiety” in cases where they
are not. However, this highlights the potential of genetic
testing to cause social harm, as some family members
may not want to know that they are at increased risk
of disease or likely to have carrier status, but have this
knowledge forced upon them if another family mem-
ber chooses to get tested. Even in cases where the actual
increased risk is small, changes to an individual’s per-
ceived risk may still be distressing.

When whole genomic sequencing forms part of the
approach to precision medicine the risks to family mem-
bers’ genetic privacy is also exacerbated. Berkman and
Hull [2] suggest the “right not to know” regarding genetic
testing is often justified by appealing to respect for deci-
sional autonomy and a desire to protect patients from
potentially harmful information (29). However, this has
implications for offspring, particularly regarding the
potential for early intervention in the case of FA. If any
increased likelihood of disease is already known, other
tests can be engaged earlier than would be applied symp-
tomatically, thereby potentially avoiding some of the
negative sequalae of FA, including cardiac damage. Argu-
ments in ethics scholarship favoring waiting for pediat-
ric patients to reach adulthood before offering genetic
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testing for risk profiling may be less compelling in the
case of FA, where disease symptoms often manifest in
childhood and there are strategies available to slow dis-
ease progression. In cases where disease carriers have not
yet reproduced, genetic testing will enable individuals to
make informed decisions surrounding family planning
and might also provide the opportunity to use prenatal or
preimplantation genetic diagnosis to avoid disease trans-
mission [29]. Prenatal diagnosis for FA has been reported
in the literature since 1989, with its first use to provide
information for a family with one already affected child
[42]. The latter interventions only benefit patients in
locations where such techniques are accessible and where
they have legal and socio-cultural support.

Beyond genetic testing there are also safety consider-
ations regarding proposed gene therapies for FA. Perl-
man [30] notes that although multiple trials using AAV
vector-based gene replacement therapies are ongoing,
the “[m]anagement of the anti-capsid and anti-transgene
neuroinflammatory responses as it impacts safety and
efficacy remains a challenge” (p. 1663). She notes gene
editing using CRISPR-Cas9 and epigenetic approaches
that can stimulate the normal expression of the FXN gene
to transcribe the correct protein despite the mutation are
also being explored [30]. CRISPR-Cas9 represents a valu-
able tool in gene therapies, allowing for addition, dele-
tion, and alteration of sections of DNA, with Palau [28]
claiming it has become the “most reliable system for gene
editing” currently available (p. 148). Ormond et al. [27]
note CRISPR-Cas9 could be used in FA either to delete
the pathological triplet repeats and/or insert a functional
gene, by splicing the genome at a particular point and
exploiting the body’s natural DNA repair mechanisms.
To date, no such therapies are available and the successful
development of such interventions would require signifi-
cant experimentation with many potential risks. Gouw
[15] notes there are four “scientific concerns” with such
gene editing, summarizing these as “off-target effects,
on-target effects, epigenetic effects, and chimerism,” in
addition to various “social justice concerns,” focused on
inequitable access to novel gene therapies due to socio-
economic differences (25). Off-target effects occur when
the intervention misses the intended gene or region of
DNA (potentially hitting other genes), while on-target
effects refer to when the correct location is acted upon
but there are unintended side-effects, such as large dele-
tions, translocations, over-activation of target genes or
activation of harmful genes [21]. A gene therapy for FA
that compromised the function of FXN would fall into
this category. Epigenetic alterations affect gene activa-
tion, deactivation, protein transcription and responses
to the environment, without changing the DNA itself,
while chimerism refers to when uptake of the gene mod-
ifications does not occur in all target cells, leading to a
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mixture of modified and unmodified genes in the patient.
In all these cases, the possible outcomes range from hav-
ing no effect, to reducing the efficacy of a treatment or
natural process, to causing genes or their encoded pro-
teins to develop hyperactive, toxic, or even lethal func-
tions, to entirely knocking out a system that is essential
for survival. As discussed previously, some GMO prod-
ucts used in gene therapies also pose a potential biologi-
cal hazard to the community [43]. Finally, as noted above,
when considering social justice concerns, equity issues
are even more concerning when approached on a global
scale. While CRISPR-Cas9 is generally considered a fast
and cheap alternative to other genetic modification tech-
niques, some argue this also makes it riskier, more dif-
ficult to regulate globally, and more likely to be abused
by private entities [12]. Equitable distribution of CRISPR
gene editing services is also unlikely to be achieved either
within or across populations.

Informed consent: hope, hype, exploitation, and
medical paternalism

A final ethical consideration to be discussed here relates
to the challenges of gaining informed consent for novel
gene therapies. As with all genetic analyses, any referral
for FA testing should also include a referral to appropriate
genetic counselling services and results should be com-
municated in a way that is sensitive and comprehensible
[29]. Perlman [30] also reminds healthcare providers that
even though FA has no cure, there is “always something
[they] can do, even if it is just educating, listening, and
having the conversation” about disease management (p.
1663). These are essential elements of patient care which
help families interpret their risk, understand genetic
inheritance patterns, and make informed decisions about
testing, preventive interventions, and adaptive strategies
to cope with disease symptoms; thus, bringing some level
of comfort to patients and hope for the future [28]. How-
ever, given the substantial variance in symptom onset
and severity, gaining informed consent for novel gene
therapies remains a challenge. Potential use of GMOs
in FA gene therapy may also lead to harsh demands on
patients in terms of lifestyle modification, including the
handling of waste products [43]. Hohenfeld et al. [18]
note that FA patients often present in childhood or ado-
lescence, and it would be reasonable to assume that those
predicted to have the most severe symptoms would be
most likely to pursue novel therapies, even if they carried
substantial risks and costs. But with the heterogeneous
nature of the condition and subsequent significant prog-
nostic uncertainty in FA, these authors note it is often
difficult to answer questions about disease progression,
suggesting predictive modelling may assist in this area by
“employing techniques of statistical learning” They iden-
tify loss of ambulation to be a particularly burdensome
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symptom for many FA patients, claiming a predictive
model could estimate the time interval to lost function
for this and other faculties. As noted previously though,
the data required for such analyses must first be sourced
from somewhere, and in this case, it will be FA patient
populations.

A major ethical concern with using individuals with FA
for research is the risk of exploitation. Given the disease
has no cure, patients and their families may be unduly
influenced to participate in clinical trials, including for
novel gene therapies. Macrae [23] notes orphan diseases
are already responsible for accelerating drug develop-
ment for various conditions, suggesting it is “feasible to
consider active ‘orphanization” of certain symptoms of
FA “to drive more efficient clinical trials” (680-1). The
argument that certain people must be willing to take risks
for the greater good of medical advancement falls into
what Harris [17] refers to as “instrumentalization,” that is,
the use of individuals “as a means to the purposes of oth-
ers” (355). Given the potential vulnerability of patients
with an inherited neurological disease, it is vital that par-
ticipation in clinical trials is a truly voluntary choice. This
is further complicated when considering parents and
guardians will often have to make decisions regarding
treatment and trial involvement for minors, and they may
have other children who stand to benefit from the results
of one child’s participation.

Ensuring fair distribution of the burdens and benefits
of medical research is a basic justice requirement, as is
preventing exploitation of vulnerable research popula-
tions. Nevertheless, FA patients and their families have
the same rights to contribute to research as other citizens
and it is equally important to avoid instances of medical
paternalism limiting personal autonomy here. Plows and
Boddington [31] note “biocitizenship” is a term applied
to disease communities who use their collective force to
pressure governments and other institutions to listen to
concerns regarding “access, price, quality and availability
of treatments and cures—in other words, over increasing
access to the fruits of biotechnology” (121). As such, the
right to be involved in the development of emerging FA
treatments, including those involving precision medicine,
is a biopolitical issue. Like many biocitizen groups, FA
communities have a disease and/or genetic risk factor in
common and may be motivated to agitate for regulatory
changes that promote their interests.

Conclusion

Advances in precision medicine hold much promise for
diagnostic and preventive medicine, with novel gene
therapies remaining the focus in the generation of a pan-
acea for rare inherited neurological disease such as FA.
Nevertheless, there are significant safety concerns that
need to be addressed and issues of vulnerability when
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it comes to participant recruitment for clinical trials.
Given the risks and uncertainty surrounding these gene
therapies, measures to enhance informed consent are
needed. At the same time, equity issues need to be con-
sidered to ensure the outcomes of medical research reach
all who would stand to benefit from them. As with all
novel therapies, substantial research and implementa-
tion costs need to be balanced against competing needs
in the healthcare sector, particularly under conditions of
resource scarcity.
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