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Abstract N\
Edaravone, a free radical-scavenger, was approved in Japan for the treatment of amyotrophic lateral sclerosis (ALS). However, the
effect of the drug on renal function in ALS patients remains unclear. This study aimed to investigate renal function in ALS patients on
long-term treatment with edaravone by measuring the serum estimated glomerular filtration rate based on cystatin C (eGFR-CysC).

In a retrospective study, the data of ALS patients who were treated with over 10 cycles of intravenous edaravone treatment and
were evaluated by eGFR-CysC before and after 10 cycles of treatment between July 2015 and June 2018 were analyzed. Then, the
results were compared with those of a control ALS group that had never been treated with edaravone.

There were 11 patients with ALS who received over 10 cycles of intravenous edaravone treatment. The mean interval between the
first and final eGFR-CysC measurements was 18.7 +7.9months. Three patients (27.3%) had >20mL/min/1.73m? decrease in
serum eGFR-CysC. However, no patients discontinued edaravone treatment because of renal dysfunction. The average variation
rate of eGFR-CysC was not different between the long-term edaravone group (0.29 +1.07) and the control group (-0.34 +0.40).

This retrospective, single-center analysis showed no clinical exacerbation of renal function in ALS patients who received long-term
treatment with edaravone.

Abbreviations: ALS = amyotrophic lateral sclerosis, eGFR-CysC = the serum estimated glomerular filtration rate based on

cystatin C.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a chronic progressive, fatal
motor neuron disease that causes decrease of strength in the
upper and lower extremities, bulbar palsy, and respiratory
muscles.""*! Recent studies showed increased concentrations of
3-nytrothirosin (3-NT), a specific marker of oxidative stress, in
ALS patients.”! Tkawa et al'® reported that the magnitude of
oxidative stress correlated with clinical severity, indicating that it
may be related to neurodegenerative changes in ALS.
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Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one; Mitsubishi
Tanabe Pharma Corporation, Tokyo, Japan), a free radical
scavenger, was shown to be associated with a suppressing motor
decline and a concurrent cerebrospinal fluid reduction of 3-NT."!
In the first placebo-controlled phase 3 study, edaravone showed
no significant difference in the ALS functional ration scale-revised
(ALSFRS-R) score compared with placebo.l®! However, on post
hoc analyses, early-stage ALS patients showed a significantly
smaller decrease of the ALSFRS-R score compared with
placebo.”! From these findings, edaravone was approved in
Japan for the treatment of ALS in 2015.18! A recent meta-analysis
that analyzed 3 randomized, controlled trials showed that
intravenous edaravone was efficacious against ALS patients with
no serious side effects.””! We previously reported a single-center
analysis, which suggested slower progression and better
prognosis of ALS patients with long-term edaravone treatment
in Japan."

Meanwhile, the major side effects of this drug are renal
dysfunction, hepatic dysfunction, rhabdomyolysis, and acute lung
injury."* In particular, renal dysfunction can become fatal and is a
serious problem in continuing medication for long-term treat-
ment.""?! No reports are available on renal function in ALS patients
who received long-term treatment with edaravone. Serum creatinine
is generally used as a marker of renal function. However, this marker
is inappropriate for ALS patients because they have decreased
muscle mass. A previous study showed the potential usefulness of the
serum estimated glomerular filtration rate based on cystatin C
(eGFR-CysC), which was sensitive and unaffected by muscle volume
biomarkers of renal function in ALS patients. !

This study aimed to investigate renal function in ALS patients
on long-term treatment with edaravone by measuring serum
eGFR-CysC levels.
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2. Material and methods

2.1. Protocol approvals

This study was approved by the institutional ethics committee at
Kumamoto Saishun Medical Center. Oral, informed consent was
obtained from each patient before enrolment and participation in
the study.

2.2. Patients and study design

This was a retrospective study of ALS patients who were treated
with over 10 cycles of edaravone treatment and were evaluated
by eGFR-CysC before and after 10 cycles of treatment between
July 2015 and June 2018 at Kumamoto Saishun Medical Center
in Japan. All patients were diagnosed with ALS according to the
revised EI Escorial criteria.l'¥ Patients were administered
edaravone (60mg/d) for 14 consecutive days (first cycle), in
conjunction with its discontinuation for 2 weeks. Subsequently,
they were administered edaravone for 10days within a 2-week
period followed by a 2-week drug-free period (subsequent cycles)
according to the standard protocol.

Clinical features (sex, age, disease duration, ALS severity,
eGFR-CysC, use of percutaneous endoscopic gastrostomy, use of
ventilator) and the details of edaravone treatment (cycles of
administration, place of treatment, reasons for discontinuation in
the target period) of 11 patients with ALS who were treated with
edaravone at the start of treatment were obtained from patients’
medical records. Then, renal function was compared between the
long-term treatment and the control groups (n=15). The control
group included ALS patients at the center who were untreated
with edaravone and whose eGFR-CysC was measured at more
than a year interval between 2009 and 2017.

2.3. Statistics

Statistical analysis was conducted using JMP 9.0 (SAS Institute,
Inc., Cary, NC). Statistical comparisons were performed using 2-
factor analysis of variance followed by Wilcoxon analysis.
Significance was established at P <.05.

3. Results

Eleven patients (4 men, 7 women) with ALS received over 10
cycles of treatment with intravenous edaravone between July
2015 and June 2018. Their mean age was 65.5 + 7.8 years (range
39-72years). Their disease duration was 33.2+21.3 months at
the time edaravone was started. Their grades in the Japan ALS
severity classification system were from 2 to 5. Patients with
grade 5 treated with gastrostomy feeding or tracheostomy and
positive pressure ventilation, and non-invasive positive pressure
ventilation were the most common, at 45.5%. The mean number
of cycles of edaravone administered was 20.7+8.7 (range 11—
37). Patients continued treatment with edaravone at a hospital
(63.7%) and home-visit care (36.4%). Three of 11 patients
stopped treatment with edaravone in this period due to difficulty
with vascular access. There were no cases of death or
discontinuation of edaravone treatment due to renal dysfunction
(Table 1). Changes in renal function were investigated in ALS
patients given long-term edaravone treatment (>10 cycles) using
the serum eGFR-CysC levels at the first and final measurements in
the period. The mean period between the first and final
measurements was 19.0+8.1months. Eight patients (72.7%)
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Clinical characteristics of ALS patients treated with over 10 cycles
of edaravone.

Age, y 65.5+7.8

>65 years 6 (54.5%)
Disease duration, mo 33.2+21.3
ALS severity

Grade 1 0 (0%)

Grade 2 5 (45.5%)

Grade 3 0 (0%)

Grade 4 1(9.1%)

Grade 5 5 (45.5%)
Use of PEG 4 (36.4%)
Use of NPPV 4 (36.4%)
Use of TPPV 0 (0%)
Number of cycles of edaravone 20.7+£8.7
Place of edaravone treatment

Hospital 7 (63.7%)

Home 4 (36.4%)
Number who discontinued edaravone treatment 3 (27.3%)
Reasons for discontinuation

Difficulty in vascular access 3 (100%)

ALS =amyotrophic lateral sclerosis, NPPV=noninvasive positive pressure ventilation, PEG=
percutaneous endoscopic gastrostomy, TPPV =tracheostomy positive pressure ventilation.

had <20mL/min/1.73 m? decrease in serum eGFR-CysC. Three
patients (27.3%) had >20mL/min/1.73m? decrease in serum
eGFR-CysC (Fig. 1).

The renal function of ALS patients long-term treated with
edaravone and the control group were also compared. Fifteen
consecutive ALS patients (7 men, 8 women; mean age, 61.6 +
10.5years) were the control group that was not treated with
edaravone. Serum eGFR-CysC was evaluated for at least a year.
The edaravone group and the control group had no significant
differences in mean age and sex distribution. Patients with grade
5 of the Japan ALS severity classification were significantly more
common in the control group (P <.01). The first and final serum
eGFR-CysC levels were higher in the long-term treatment group
(first 73.2+10.9 mL/min/1.73 m?, final 68.5 +16.6 mL/min/1.73
m?) than in the control group (first 57.4+9.9mL/min/1.73 m?%;
final 49.3 +13.2mL/min/1.73 m?; P < .01). However, the average
time between the 2 measurement points was not different
between the long-treatment group (18.7+7.9months) and the
control group (24.4 +7.3 months). The average variation rate of
eGFR-CysC was not different between the long-treatment group
(0.29+1.07) and the control group (-0.34+0.40) (Table 2,
Fig. 2).

4. Discussion

This retrospective, single-center analysis showed no significant
difference in the average variation rate of eGFR-CysC between
long-term edaravone treatment and control ALS groups.

In recent studies, the efficacy and safety of edaravone in the
treatment of ALS were shown.[”'* The open-label study in Korea
reported that 16 ALS patients treated with 6 cycles experienced
no significant adverse events.['>! A meta-analysis of 183 patients
treated by edaravone for 24 weeks showed an efficacious result
without any significant adverse events. Furthermore, there was
no significant difference between the groups in the number of
serious side effects.””! However, to the best of our knowledge, the
effect on renal function of long-term treatment with edaravone in
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Changes in renal function as reflected by serum eGFR-CysC levels in ALS patients who received long-term edaravone treatment. ALS =amyotrophic

lateral sclerosis, eGFR-CysC =the serum estimated glomerular filtration rate based on cystatin C.

A comparison of renal function between the edaravone group and the control ALS group.

Edaravone group (n=11) Control group (n=15) P value
Sex (male) 4 (36.4%) 7 (46.7%) .599
Age, y 65.5+7.8 61.6+10.5 405
Disease duration, y 33.2+21.3 66.7 +36.8 <.05
ALS severity grade 5 5 (45.5%) 14 (93.3%) <.01
Time between 2 measurement points, mo 18.7+79 24.4+0.2 .064
eGFR-cystatin C (mL/min/1.73m?) (first measurement) 73.2+109 57.4+9.9 <.01
eGFR-cystatin C (mL/min/1.73m?) (final measurement) 68.5+16.6 49.3+132 <.01
Average variation rate of eGFR-cystatin C (mL/min/1.73m?/mo) 0.29+1.07 -0.34+0.40 125

ALS =amyotrophic lateral sclerosis, eGFR-CysC=the serum estimated glomerular filtration rate based on cystatin C.

ALS patients has not been reported. Furthermore, serum
creatinine as a marker of renal function is not accurate in
patients with neuromuscular disease due to the reduced muscle
mass.!'®! In this paper, the serum eGFR-CysC values of 11 ALS
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Figure 2. Average variation rate of eGFR-CysC in the edaravone group and the
control ALS group. ALS=amyotrophic lateral sclerosis, eGFR-CysC=the
serum estimated glomerular filtration rate based on cystatin C, n.s.=not
significant.

patients who received long-term treatment (mean number of
cycles of administration 20.7+8.7) with edaravone were
evaluated. A decrease in eGFR-CysC was found in 4 of 11
ALS patients, but the 4 patients did not develop acute renal failure
or any clinical manifestations of renal dysfunction (oliguria,
edema, hyperkalemia, metabolic acidosis). They were grade 5 in
the Japan ALS severity classification. Therefore, the long-term
treatment group was compared with a control group including
ALS patients not treated with edaravone, and eGFR-CysC was
measured at >1 year. The renal function of both groups
decreased mildly at 1 or 2 years. As the reasons, repetitive
infections, side effects of antibiotics, dehydration, and aging may
have affected renal function.

This study has some limitations. First, the clinical features of
the long-term treatment group were different from those of the
control group. ALS severity was significantly higher in the control
group than in the long-term treatment group. However, with
more severe disease in the control group, it would be expected
that renal function would worsen more, but there was no
significant discrepancy between the 2 groups. Second, this
study involved a limited number of ALS patients in a single
hospital. Thus, a prospective, multicenter study of a large number
of ALS patients including a more appropriate control group is
needed to confirm any adverse effect of edaravone on renal
function.
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5. Conclusion

In ALS patients who received long-term treatment with
edaravone, no clinical exacerbation of renal function was found.
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