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ABSTRACT

Friedreich’s Ataxia (FRDA) is the most common form of autosomal
recessive ataxia. The disease primarily results from a GAA trinucleotide
repeat expansion within the FXN gene in up to 97% of patients. The
clinical presentation begins approximately between the ages of 5 and
15. The major clinical findings of FRDA are progressive extremity and
gait ataxia. Although it is known that the disease is caused by low levels
of functional protein in the target tissues, there is no effective treatment
available for this pathology. However, significant improvements have
been achieved in the research into pharmacological treatments for FRDA

0z

in recent years. Interferon-gamma (IFN-y) has been shown to induce
frataxin production in many cell types. In this study, the clinical features,
tolerability, and the prognosis of individuals with FRDA to whom IFN-y
was administered in a university hospital were evaluated retrospectively
and the results were discussed. To the best of our knowledge, this is the
first study conducted in our country to evaluate the effect of IFN gamma
on this patient group.
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Friedreich Ataksisi (FRDA) en yaygin otozomal resesif ataksidir. Hastalik,
hastalarin %97'sine yakininda FXN geninde GAA trinikleotid tekrar
artisindan kaynaklanir. Klinik prezentasyonyaklasik 5ile 15 yaslariarasinda
baslar. FRDANnIn baslica klinik bulgulari progresif ekstremite ve yuruytis
ataksisidir. Hastaligin hedef dokulardaki disiik fonksiyonel protein
diizeylerinden kaynaklandigi bilinmesine ragmen, bu patoloji icin etkili
bir tedavi yoktur. Bununla birlikte, son yillarda FRDA icin farmakolojik
tedavilerle ilgili arastirmalarda 6nemli gelismeler saglanmistir. interferon-

gama (IFN-y)'nin birgok hucre tipinde frataksin Gretimini indukledigi
gosterilmistir. Bu calismada bir tniversite hastanesinde IFN-y uygulanan
FRDAI bireylerin klinik &zellikleri, toleransi ve prognozu retrospektif
olarak degerlendirilmis ve sonuglar tartisiimistir. Bildigimiz kadariyla
bu calisma ulkemizde IFN-y'nin bu hasta grubu uzerindeki etkisini
degerlendirmek icin yapilan ilk calismadir.
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INTRODUCTION

Friedrich's Ataxia (FRDA) is the most common form of autosomal recessive
ataxia. The prevalence was set approximately to 1.7-4.7/100.000 (1). The
disease results from a GAA trinucleotide repeat expansion within the
FXN gene in 97% of patients while 3% have a GAA trinucleotide repeat
in one allele and a point mutation or homozygous deletion in the other
allele. These mutations lead to a frataxin deficiency (2, 3). The clinical
presentation begins approximately between the ages of 5 and 15 years.
The onset of the disease before the age of 20 is one of the prominent
features (4). The major clinical findings of FRDA are progressive extremity
and gait ataxia. In neurological examination, cerebellar disorders and
pathological reflexes such as deep sensory impairment and positive
Babinski sign can be observed. These findings are seen commonly
within the early periods of treatment. Skeletal deformities can also be
seen in patients (5). Although it is known that the disease is caused by

low levels of functional protein in the target tissues, there is no effective
treatment available for this pathology. In recent years, several treatment
methods have been adopted to increase the transcription of frataxin
(6-9). As there is no definite treatment available, care and rehabilitation
are particularly important in the recovery of the patients. However,
significant improvements have been achieved in the research into the
pharmacological treatment of FRDA in recent years. Antioxidants, agents
that increase frataxin production (histone deacetylase inhibitors and
IFN-y), and gene therapy are the treatment methods that have been
studied in recent years (10). While pharmacological treatments are
focused on the molecular pathophysiology of FRDA, studies testing
symptomatic treatments have also been conducted. Bupropion and
citalopram have been evaluated in FRDA, however, neurological and
cardiac benefits were modest (10, 11). Amantadine was also evaluated
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in a double-blind cross-over study, however, no significant effect was
observed in patients with FRDA (12). IFN-y is a natural cytokine with an
effect on iron metabolism and the immune system (9). A study showed
that IFN-y can increase frataxin production significantly in many cell
types. In subsequent studies, it was reported as well tolerated and safe
(13). In this study, clinical features, tolerability, and the prognosis of
patients with FRDA to whom IFN-y was administered in a university
hospital were evaluated retrospectively and the results were discussed.
To the best of our knowledge, this is the first study made conducted in
our country to evaluate the effect of IFN gamma on this patient group.
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METHOD

Ethics Committee approval was obtained from the Faculty of Medicine
Erciyes University (Meeting Date of the Ethics committee: 25.12.209,
Decision Number: 2019/882). All patients were between the ages of
25-40 and they had expanded GAA repeat (patients with point mutation
were excluded). All of the participants were ambulatory patients and
treated with subcutaneous IFN-y 3 times a week. The exclusion criteria
were set as refusing treatment, having an unstable clinical condition
due to a chronic disease, having liver disease, being pregnant, or in the
lactation period.
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Our study is a retrospective study and the demographic data, duration of
the disease, initial symptoms, clinical findings, comorbidities, prognosis,
and treatment-related side effects have been evaluated. The complete
blood count and biochemical tests of the patients were evaluated before
and after the treatment. The neurological status of the patients was
assessed before and after treatment at 3 and 6 months using the Scale for
the Assessment and Rating of Ataxia (SARA). This scale had been assessed
previously in terms of validity and reliability (14). The data were analyzed
with IBM SPSS V23. The comparison of baseline, third, and sixth-month
SARA scores was performed with the Friedman test. The significance level
was taken as p<0.05.

6th

6th
Stance | Sitting | disturbance

Gait
3
4
8
2
5
3
6
4
3
3
3
2

6th
Heel-shin | Month | Month | Month

B.T.
slide
1.5
1.5
1.5
1.5
1.5
1.5

2.5

RESULTS

The mean age of the 14 patients included in our study was 29.64+6.046
and 10 of them were female. The time since the onset of symptoms was
11.50£5.110 years and the time since diagnosis was 9.43+4.398. The first
symptom was gait ataxia in all patients. All of the patients were evaluated
in terms of cardiomyopathy. However, none of them were observed to
have it. It was reported that 7 patients had scoliosis and 3 had diabetes.
The mean IFN-y treatment period was 7.21£1.105 months. Eleven of
the patients had been also receiving idebenone therapy. The SARA tests
before and after the treatment of the patients were evaluated using
the Wilcoxon Sum Rank test. Even though a significant difference was
observed in the SARA gait scale between the periods before and after 3
months of treatment (P=0.025), no significant difference was observed
in terms of the stance, sitting, speech disturbance, finger chase, nose-
finger, fast alternating hand movements, and heel-shin slide tests (P
values=0.083, 1.000, 0.157, 0.157, 1.000, 1.000, 1.000, 1.000, respectively).
Significant improvements in terms of gait and stance were reported
after 6 months of treatment (P values=0.018 and 0.014 respectively).
No significant difference was observed in terms of the sitting, speech
disturbance, finger chase, nose-finger, fast alternating hand movements,
and heel-shin slide tests (P values=1.000, 0.317, 0.157, 1.000, 0.157 and
1.000 respectively) (Table 1). Ten patients were reported to show drug-
induced flu-like reactions. Of these patients, 1 showed severe, 2 showed
moderate and 7 showed mild reactions. The liver enzymes were elevated
up to 10% of the upper limit in 1 patient. While all of the patients
were followed up after 3 months, it was observed that the treatment
was discontinued in 2 patients due to drug ineffectiveness and patient
incompatibility in the follow-up at 6 months.
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Table 1. SARA scores before and after treatment
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DISCUSSION

To our best knowledge, this is the first study conducted in our country
to evaluate the effect of IFN gamma on FRDA. Improvement was
observed in the SARA gait scores of the patients in the third month after
the initiation of IFN-y for FRDA. Although there was no change in the
SARA stance scale by the third month, improvements were observed in
the sixth month. No significant change was observed in the other SARA
parameters despite the treatment.

FRDA is an inherited, neurodegenerative disease without any current
approved treatment. Therapeutic strategies and the knowledge of disease
have, in recent years, been expanding rapidly, offering new opportunities
for the treatment of disease. Advances in the mechanisms of the disease
have evolved into the clinical trial of potential therapies. The homogeneity
of the study populations involved in the clinical trials and the use of
technologically-advanced measurements will improve the capacity to
test promising treatments. These may offer a promising direction in terms
of the future treatment of FRDA (10). The IFN-y -1b injection is used for
chronic granulomatous diseases and malignant osteopetrosis. IFN-y
regulates almost all stages of inflammation and the immune response
mimics the effect of interferon-gamma naturally occurring in the body.
It affects the mediation, activation, and differentiation of T cells, B cells,
macrophages, and NK cells. It is a cytokine that plays a role in the immune
response and iron metabolism. IFN-y has been shown to stimulate
frataxin production by enhancing FXN gene transcription both in human
and animal models of FRDA (15). The most significant side effects of
IFN-y are flu-like symptoms. The drug’s tolerability and potential clinical
efficacy have been demonstrated in a small, open-ended study observing
children with FRDA to whom IFN-y was administered via subcutaneous
injections for 12 weeks (16). It was observed in our study that 10 out of
14 patients showed drug-induced flu-like reactions. Of these patients, 1
showed severe, 2 showed moderate and 7 showed mild reactions. The
liver enzymes elevated up to 10% of the upper limit in 1 patient. No
other side effects were observed. Its safety was evaluated mostly as good
in our study. In another double-blind multicenter placebo-controlled
study evaluating the efficacy and reliability of IFN-y, the clinical status of
the patients was evaluated using the modified Friedreich Ataxia Rating
Scale (FRDARS) and no difference was observed after 6 months. Unlike
this study, we found that there were improvements in the SARA gait
scale of the patients in the third month after the treatment for FRDA.
Although there was no change in the SARA stance scale in the third
month, improvements were observed in the sixth month in our study.
Another study has reported that IFN-y was well tolerated and no serious
side effects were seen. There was a partial improvement in the FRDARS
scores, similar to our study (13). In this study, a statistically significant
relationship has not been observed between the frataxin protein levels
and FRDARS. A recent double-blind, placebo-controlled study evaluated
the efficacy and safety of IFN-y in the treatment of FRDA by using the
modified Friedreich Ataxia Rating Scale (mFARS) for 6 months. There was
no significant change in the mFARS scores after six months. However,
over the open-label period of the study, the absolute values of mFARS
were better than those from parallel natural history studies. Also, the rate
of progression was observed as slightly slower than expected over this
short period (17). Likewise, we observed no significant improvement in
SARA stance scale by the third month, improvements were observed in
the sixth month. It can be concluded that longer studies might show a
modest benefit of IFN-y in FRDA.

In our study, the clinical findings of the response to interferon treatment
were evaluated with SARA which is also widely used by previous clinical
trials (18, 19). It has been shown that SARA shows results similar to FARS
(18, 20, 21). Additionally, SARA has the distinct advantage of being a more
compact scale, and because of simpler training (22).
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There some limitations of this study. First of all, the retrospective design
of the study makes it difficult to evaluate the response to treatment. In
addition, measuring frataxin levels could use an objective scale to evaluate
response to treatment. Also, a longer follow-up time with more participants
could provide more information in the evaluation of treatment.

In conclusion, this study revealed that interferon is a well-tolerated and
partially effective treatment option in the treatment of FRDA. Further
studies are needed to better determine the long term results.

An earlier version of this study was presented at 54th National Neurology Congress, Antalya,
Turkey, 1-5 December 2018 (p.1061).
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