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ARTICLE INFO ABSTRACT
Keywords: Objectives: Friedreich Ataxia (FRDA) is the most common recessive ataxia disorder. Yet, little is
Friedreich ataxia known of the prevalence in Sweden. In the future, there may be effective disease-modifying

Neurofilament light

. therapies, and use of clinical rating scales as well as possible biomarkers in serum or cerebro-
Biomarker

spinal fluid may be of importance. We evaluated the axonal protein neurofilament light in plasma
(p-NfL) as a possible biomarker for disease severity in FRDA.

Materials & methods: We searched for all possible genetically confirmed FRDA cases in the Vastra
Gotaland Region (VGR) of Sweden, and investigated each patient clinically and obtained blood
sample for analysis of p-NfL.

Results: We found eight patients corresponding to 1/170.000 adults in the VGR, and 5 of these
participated in the study. Three out of the five FRDA patients displayed a small or moderate
increase in the p-NfL value, compared to the age-adjusted cut-offs for p-NfL established in the
Clinical Neurochemistry Laboratory at our hospital. The two others were the oldest and most
severely affected, displayed normal values according the cut-off values. The cohort is too small to
make any statistically significant correlation between the five p-NfL values with regard to disease
severity.

Conclusions: FRDA is less prevalent in our region of Sweden than could be assumed. In concor-
dance with previous studies from other authors, we find that p-NfL may be increased in patients
with FRDA, but less so in older more clinically affected patients. Thus, we conclude that on an
individual basis, p-NFL is of uncertain clinical value as a suitable biomarker.
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1. Introduction (Background)

Friedreich ataxia (FRDA) is an autosomal recessive disorder in most cases caused by bi-allelic pathological GAA trinucleotide repeat
expansions present on both alleles in the frataxin (FXN) gene [1]. Patients with FRDA usually have symptom onset at age 10-15 years
with progressive walking difficulties, impaired coordination, dysarthria, and spasticity. This reflects loss of neurons predominantly of
long fibre tracts in the spinal cord, e.g., dorsal root ganglia, dorsal spinocerebellar pathways, posterior columns, pyramidal tracts, as
well as peripheral sensory and motor neurons [2]. Other manifestations are diabetes mellitus in some 30 % of patients and cardio-
myopathy, which is present in two thirds of the patients. Cardiomyopathy is the main cause of death in FRDA [3] contributing to a
reduced life expectancy.

FRDA is the most common form of autosomal recessive ataxia, with a reported prevalence of between 1:20 000-1: 750 000 in
Western and Nordic populations [4,5]. Recently, omaveloxalone was approved in the US, based on a phase II study by Lynch and
coworkers [6] There is thus a need for evaluation of potential biomarkers suitable for repeated monitoring of disease activity.

It is today possible to measure several biomarkers in cerebrospinal fluid (CSF), which are increased in many different types of brain
injuries and disorders of various etiologies [7]. One of these is neurofilament-light chain (NfL) protein, an axonal protein, the CSF
levels of which are increased in neuroaxonal degeneration [8]. There are strong indications that a blood-based sampling for these
CNS-related proteins can replace CSF analysis [9,10]. Plasma-NfL (p-NfL) has been examined in different forms of spinocerebellar
ataxias (SCA) [11,12], as well as in recently published work on FRDA [13-15]. Zeitlberger et al. [13], Hayer et al. [14], and Clay et al.
[15] found increased p-NfL in FRDA patients compared to matched controls. Longitudinal data showed that the p-NfL values were
stable over time [14,15], and all three publications showed that the p-NfL levels were inversely correlated with age in FRDA patients

[13-15].

Table 1
Clinical characteristics of five patients with Friedreich Ataxia, FRDA.

Participant A B C D E

Age at investigation 29 33 55 57 40

Age at onset 14 13 15 15 14

Disease duration 15 20 40 42 26

MRI findings Normal Normal Moderate cerebellar Moderate cerebellar Normal
cerebellum cerebellum atrophy atrophy cerebellum

Neuropathic pain Slight No No No No
discomfort

Willis-Ekbom disease No No No No No

Scoliosis No No Yes Yes Yes

Spasticity No No Yes Yes Yes

ECG (electro cardiography) Without Without Without remarks T-inversion only Without
remarks remarks remarks

Echocardiography Without Without Without remarks Slightly reduced EF. Without
remarks remarks remarks

Hearing loss No No Yes No Yes

Depression (history of) No Yes Yes No No

Sleeping problems No No Yes but no OSAS Yes OSAS No

FARS FARS range 0-6 (increasing level of disability)

;Functional staging 4.0 2.5 5.0 5.0 5.0

;ADL 14 13 28 26 27

;neurologic exam

‘bulbar 1 1 5 2 6

‘upper limb 14 12 28 25 22

‘lower limb 6 7 16 16 16

‘peripheral 22 9 16 18 18

“upright stability (with footwear) 25 1 27 27 27

‘total neurologic exam 68 30 92 88 89

;PATA rate (repetitions of the syllables "PA-TA” 17 22 12,5 10,5 7

during a 10 s interval)

;9 Peg hole right (seconds) 47,5 29,5 unable to perform unable to perform 440

;9 Peg hole left (seconds) 65,5 36,5 unable to perform unable to perform 490

SARA SARA range 0-40 (increasing level of ataxia score)

;gait 7 1 8 8 8

;stance 5 0 6 6 6

;sitting 1 0 4 4 4

;speech 1 1 4 4 3

sfinger chase 2 1 3 1,5 2

;nose finger 0 1 3 2,5 1

;alt.move 3 1 3 3 3

sheel shin 2 2 4 4 4

;Total SARA 21 7 35 33 31

FARS = Friedreich ataxia rating scale, SARA = Scale for the Assessment and Rating of Ataxia, OSAS = Obstructive Sleep Apnoea Syndrome, EF =

Ejection fraction.
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In 2019, we set up the present cross-sectional study with the intention to include a cohort of all adult patients living within the
Vastra Gotaland region (VGR) in Sweden, a region in the south west of Sweden with 1.7 million inhabitants. We aimed to estimate the
number of FRDA patients in VGR, to describe the clinical stages and symptoms of these patients, and further to investigate if there was
any correlation between levels of NfL in spinal fluid or serum and disease duration or the clinical stage of patients.

2. Methods

The study followed the tenets of the Declaration of Helsinki, and it was conducted with the approval of the Swedish Ethical Review
Authority (2019-01659). Patients were identified by a diagnosis-based search in the Vastra Gotaland region general electronic medical
records system, using the term “Friedreich ataxia”, and we also had a direct contact with doctors at all adult neurological clinics in the
region and the department of adult cardiology at Sahlgrenska University Hospital where the FRDA patients are seen for follow up
regarding their cardiac function. We also conducted a search for FRDA patients via the Department of Clinical Genetics, Sahlgrenska,
which is the only genetics laboratory in VGR, thereby identifying all FRDA-positive samples. All patients who were included were
genetically confirmed and all had bi-allelic GAA expansions. The minimum prevalence of FRDA patients was calculated based on the
number of verified patients with FRDA aged 18 years or older and the present number of adult inhabitants in VGR. Potential par-
ticipants were contacted via telephone and requests for participation were sent out via letter. Written consent was obtained.

Participants were all seen at an out-patient visit by one and the same doctor at the neurology clinic (MJ). Information about their
medical history was obtained via the medical records and the participants’ medical history. Patients underwent clinical examinations
using ataxia grading scales. We choose two such validated scales: Friedreich ataxia rating scale (FARS) [16], and Scale for the
Assessment and Rating of Ataxia (SARA) [17]. FARS is disease-specific for FRDA [16]. SARA is a widely validated scale for use in
various cerebellar ataxia diseases and could possibly be the scale best suited to monitor disease progression although SARA mainly
captures the severity of cerebellar dysfunction [17-19].

None of the patients accepted a lumbar puncture, thus blood samples were obtained and were sent to the certified neurochemistry
lab at Sahlgrenska University Hospital and were stored at —80 °C pending batch analysis by board-certified laboratory technicians who
were blinded to clinical data. The samples were analyzed for plasma levels of NfL using the NF-light kit and ultrasensitive Single
molecule array (Simoa) technology, according to instructions by the manufacturer (Quanterix, Billerica, MA).

The laboratory results were compared to the age-adjusted cut-offs for p-NfL established in the Clinical Neurochemistry Lab,
Sahlgrenska University Hospital, Molndal, Sweden, which are based on upper 95 % confidence interval (CI) for values in healthy
individuals without history, symptoms or signs of psychiatric or neurological disorders [20]. These cut-offs are <9 pg/mL for the age
group 18-40 years (n = 266), <12 pg/mL for the age group 41-50 years (n = 303), and <16 pg/mL for the age group 51-60 years (n =
689). The participant’s ages at investigation were 29-57 years.

3. Results

We identified eight adult patients with genetically confirmed Friedreich ataxia living in the Vastra Gotaland Region by Dec 31,
2017. Five were patients at Sahlgrenska University Hospital, two from a regional hospital and one in a large outpatient clinic. This
corresponds to 1:170 000 in the adult population. Out of these eight patients, we managed to come in direct contact with seven, and
five of these accepted to participate in the clinical part of the study. None of the participants wanted to undergo a lumbar puncture, but
all five agreed to provide a blood sample. Clinical data appears in Table 1. Patients A and B had relatively mild clinical symptoms,
while patients C, D and E were more severely affected as evidenced by the ratings according to FARS (score = 5) and SARA ratings of
35, 33 and 31, respectively. Patient A had disease duration of 15 years, used walking aids and had some assistance in ADL activities.
Patient B had 20 years disease duration, walked and performed all activities slowly but independently. Patients C, D and E had disease
durations of 40, 42 and 26 years and were all using a wheelchair, had severe disability and needed assistance for all activities in daily
life. Only one patient (D) had mild cardiac affection, none had diabetes. Signs of neuropathy were not specifically noted, but is
included in the line “peripheral” in FARS section in Table 1. Medications used included betablocker (A, D, E), lamotrigine (C),
baclophen (C), oxascand (E)and insulin (C). None of the patients used any FRDA specific medication.

The patients had p-NfL levels between 11 and 16 pg/mL (Table 2). This was a value considered to be within the normal range in
patients C and D due to a higher normal range. Notably, these two patients (C, D) were the most severely affected with regard to ataxia
rating. Patients A, B and E displayed a moderate increase in the p-NfL value. Our cohort was too small to make any statistically analysis
regarding correlation between disease severity as measured by the different ataxia rating scales, and the p-NfL levels.

4. Conclusions (Discussion)

Friedreich ataxia is a rare disorder with internationally varied prevalence figures. In our cohort, we included eight patients

Table 2
P-NfL values (Quanterix Assay), corresponding to A-E participants in Table 1.
A B C D E
Plasma-NfL (Normal values age dependent) 12 ng/L (<9) 14 ng/L (<9) 11 ng/L (<16) 13 ng/L (<16) 16 ng/L (<9)
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corresponding to 1:170 000 in the adult population of VGR. The prevalence of FRDA is in most populations higher, but our figure is at
about the same level as shown in data from Norway [4]. It may well be so that, despite our ambitions to find all adult cases, some
patients living in VGR were not retrieved: they might not be genetically diagnosed alternatively diagnosed in other parts of Sweden and
moved into the VGR.

Our data indicate that p-NfL. may be increased in patients with FRDA. This is in accordance with recent studies that have shown
increased levels of p-NfL in patients with FRDA compared to matched controls [13-15]. The p-NfL levels are also relatively stable over
1-2 years [13-15]. As our cohort is small, we cannot examine a possible correlation between the p-NfL values and other clinical
parameters.

The two oldest patients in our cohort had values within the normal range. This finding is in line with earlier results suggesting an
inverse correlation of p-NfL with age in FRDA patients [13-15], also reviewed and discussed in [19]. In FRDA p-NfL did not correlate
with disease severity [13-15]. This is in contrast with findings in other disorders, e.g., SCA [11,12] Why FRDA exhibits a NfL profile
over time which is in contrast to that of SCA is not obvious. The underlying mechanism behind this unclear. Since NfL is found in large
myelinated axons of both the central and the peripheral nervous system, one possible explanation might be that early in the disease
process peripheral neurones are affected but less so in later stages, thus contributing less to NfL levels later in the disease process. One
different aspect might be that early in the disease process at younger ages, elevated NfL. might reflect an increased synthesis of the
protein [21]. Thus, there is a need for future studies in order to better understand the processes behind NfL elevation in FRDA to
increase its interpretability in clinical trials and practice.
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