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Abstract
Oxidative stress caused by free radicals has been implicated in the pathogenesis of amyotrophic lateral sclerosis (ALS).
Edaravone (also known as MCI-186), a free radical scavenger, was approved as an ALS treatment in 2015 in Japan. However,
the therapeutic effects of edaravone on patients with ALS outside of Japan are not yet reported. This study aims to investigate
effects of edaravone on ALS patients in the Korean population. The study included 22 patients with ALS who were treated with
edaravone. Of the 16 patients who finished six cycles of treatment, a mean decline of ALSFRS-R after the treatments was 5.75 ±
6.07 points and the average change of FVC was − 8.7 ± 17.0%. Patients experienced only minor adverse events. This study
reports on the open-label study of edaravone on patients in Korea for ALS patients, which showed amodest effect of edaravone in
this population of ALS patients.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a lethal neurode-
generative disease characterized by gradual loss of upper
and lower motor neurons, and is the most prototypic
among motor neuron diseases. ALS leads to progressive
muscle atrophy and weakness of the upper and lower ex-
tremities, bulbar palsy, and finally death within 3–5 years
of onset due to respiratory failure. Although the exact
cause of ALS remains unclear, various mechanisms includ-
ing the deposition of intranuclear and cytosolic protein and
RNA aggregates, disturbances of protein degradation, de-
fective nucleocytoplasmic trafficking, mitochondrial

dysfunction, endoplasmic reticulum stress, altered neuro-
nal excitability, altered axonal transport, and excessive ox-
idative stress have been implicated in the pathogenesis of
ALS [1]. Oxidative stress might be an essential factor for
the development of neurodegeneration in ALS. Several
studies reported increased concentrations of the 3-
nitrotyrosine (3-NT) marker for oxidative stress in the spi-
nal cord of ALS patients and increased 3-NT immunoreac-
tivity in motor neurons of both sporadic and familial ALS
patients [2]. A recent study revealed that the magnitude of
oxidative stress as measured by positron emission tomog-
raphy of the brain (PET scan) with [62Cu]diacetyl-bis (N4-
methylthiosemicarbazone) correlates with clinical severity
in ALS [3]. A biochemical study indicated that edaravone
has been shown to eliminate peroxynitrite as well as lipid
peroxyl radicals [4]. A second randomized, double-blind,
placebo-controlled phase 3 trial in Japan demonstrated a
significantly smaller decline in ALSFRS-R score com-
pared with placebo [5]. Based on this clinical trial,
edaravone was approved as a therapeutic drug for ALS in
June 2015 in Japan and by the Korean Ministry of Food
and Drug Safety in December 2015. However, therapeutic
effects and tolerance of edaravone on patients with ALS
outside Japan are not yet reported. The aim of this study
was to retrospectively investigate the effects of edaravone
on ALS patients in the Korean population.
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Materials and methods

Participants

We identified twenty-two patients with ALS who were treated
with edaravone between 2016 and 2018. All patients were
diagnosed with ALS according to the revised El Escorial
criteria [6, 7]. Medical records were obtained after informed
consent from all the patients who participated in the study. The
medical records of patients who received edaravone therapy
were reviewed and it was approved by the Institutional
Review Board of Kyungpook National University Chilgok
Hospital and Ulsan University Hospital.

Methods

Clinical parameters including age, sex, age of onset, age of
diagnosis, disease duration, body weight, height, and body
mass index (BMI) were retrieved from the medical records.
ALSFRS-R was evaluated from the initial treatment through-
out six cycles of treatment. Pulmonary function was checked
with forced vital capacity (FVC) and forced expiratory vol-
ume in 1 s (FEV1). Patients were categorized with limb-onset
type or bulbar-onset type based on the clinical features at the
onset. Adverse events during six cycles of treatment were
verified to determine the safety of edaravone. Edaravone
was administered once per day via 60-min intravenous infu-
sion. Edaravone was initially administered for 14 consecutive
days, followed by a 2-week drug-free period, and subsequent-
ly administered for 10 days within a 2-week period according
to the standard protocol [5]. The ALSFRS-R score consisted
of 12 features which we divided into four domains as follows:
bulbar (items 1–3), fine motor (items 4–6), gross motor (items
7–9), and respiratory (items 10–12) [8]. We estimated the
changes of ALSFRS-R score and its individual domains to
ascertain therapeutic effects.

Statistical analysis

Differences in clinical characteristics between groups were
analyzed using the chi-square test and/or Fisher’s exact test.
Comparison of differences in ALSFRS-R and its domains was
analyzed by two-way ANOVA.

Results

Baseline characteristics

Initially, 22 patients (13 men, 9 women; mean age, 56.1 ±
12.4 years) were treated with edaravone (Table 1). The aver-
age age of onset was 54.2 ± 12.4 years. The average disease
duration was 1.9 ± 1.2 years. Among the patients recruited, 18

patients had a limb-onset type and four had a bulbar-onset
type. Nineteen patients met definitive ALS diagnostic criteria
and three patients were probable ALS [6, 7]. Fifteen patients
who had been treated with riluzole continued that treatment.
Only two of the 22 patients met the inclusion criteria for the
second phase 3 trial: scores of ≥ 2 points on all 12 items of the
ALSFRS-R, forced vital capacity ≥ 80%, definite or probable
ALS according to the revised El Escorial criteria, and disease
duration of ≤ 2 years [5]. Six patients dropped out during
follow-up due to adverse events such as aspiration pneumo-
nia, abrupt clinical deterioration, and refusal of the continuous
treatment. Finally, 16 patients completed six cycles of the
treatment (patient 1~patient 16 in Table 1). The average onset
age of these 16 patients was 52.7 ± 9.2 years. The duration of
disease was 2.1 ± 1.0 years. Twelve (75%) patients had limb-
onset type disease and four (25%) patients had bulbar-onset
type. The initial average score of ALSFRS-R was 34.25 ±
7.22.

Changes in ALSFRS-R score, its domains, and other
biologic markers

Changes in ALSFRS-R total score in all patients are shown in
Fig. 1. Among 16 patients who finished six cycles of treat-
ment, a mean decline of ALSFRS-R after six cycles of treat-
ment was 5.75 ± 6.07 points (34.25 ± 7.22 to 28.50 ± 8.21).
Patient 8 showed the biggest change (26 points) of
ALSFRS-R and he was the only person who showed a change
of more than 10 points. A mean decline of ALSFRS-R ex-
cluding patient 8 was 4.40 ± 2.87. In contrast, the ALSFRS-R
of patient 16 was 45 points throughout the treatment period
consistently. Eleven patients (68.8%) experienced a stable
course of progression (less than one-point reduction of
ALSFRS-R per month) [9]. In this stable group, the mean
decline was 3.00 ± 2.05. In contrast, the mean decline was
11.60 ± 8.14 in the remaining (the declined group).

For ALSFRS-R subscore, the mean decline was 0.93 ±
1.14 in the bulbar domain, 1.21 ± 2.01 in fine motor domain,
1.57 ± 1.50 in gross motor domain, and 1.57 ± 3.18 in respi-
ratory domain. Changes of fewer than five points were ob-
served in 14 patients in bulbar domain, 13 in fine motor do-
main, 12 in gross motor domain, and 12 in respiratory domain.

A change of FVC was confirmed in six patients. Their
initial mean FVC was 75.0 ± 8.2% and declined to 66.3 ±
21.6%. The average change of FVC was − 8.7 ± 17.0%. The
mean changes in body weight and BMI in 10 patients were −
2.3 ± 4.4 and − 0.7 ± 1.6, respectively.

Patients were divided into the stable group (11 patients), in
which the total score of ALSFRS-R decreased to below five
points, and the declined group (5 patients). There was no
statistically significant difference in onset type (p = 0.35),
age at onset (p = 0.49), disease duration (p = 0.72), change of
FVC, BMI, and score change of each domain between the
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Table 1 Baseline clinical and characteristic features of patients included in the study

Pt 1 Pt 2 Pt 3 Pt 4 Pt 5 Pt 6 Pt 7 Pt 8 Pt
9

Pt
10

Pt
11

Pt
12

Pt
13

Pt
14

Pt
15

Pt
16

Pt
17

Pt
18

Pt
19

Pt
20

Pt
21

Pt
22

Age 47 44 55 65 53 47 51 45 30 52 63 60 63 64 51 53 35 76 67 69 80 64

Sex F F M M F F M M M M M F M F F M F F M M M M

Disease
duration

2 4 2 2 1 1 4 2 1 1 2 2 2 3 3 1 1 3 3 1 1 3

Onset type L L L L L L B B L L B L L B L L L L L L L L

ALS
diagnostic
criteria

D D D D D P D P D D D D D D D D P D D D D D

Initial
ALSFRS-R

25 40 25* 38 31 27 42 42 40 30 29 28 27 44 35 45 44 27 32 41 30 38

Bulbar
domain

9 11 – 12 10 7 9 7 10 11 4 6 10 10 9 11 12 9 11 9 9 10

Fine motor
domain

2 8 – 9 6 7 10 12 9 5 6 6 1 10 8 10 10 4 7 9 6 9

Gross motor
domain

2 9 – 5 7 3 11 11 9 2 7 6 6 12 5 12 10 4 2 12 5 10

Respiratory
domain

12 12 – 12 10 10 12 12 12 12 12 10 10 12 9 12 12 10 11 11 10 9

FVC (%) – 81 82 77 78 62 – – – 81 34 73 84 70 73 80 94 38 51 67 50

FEV1 – 97 98 97 89 57 – – – – – – – 67 74 88 51

BMI 22.7 20.9 21.2 21.1 26.4 21.5 17.9 19.4 – 26.1 16.1 25.0 25.4 20.0 24.8 21.0 21.4 19.1 17.7 20.3 24.0

Use of riluzole Y Y Y Y N Y Y N N N Y Y Y Y Y Y Y Y Y N Y Y

L limb-onset type, B bulbar-onset type, D definite ALS, P probable ALS, ALSFRS-R revised ALS functional rating scale, FVC forced vital capacity,
FEV1 forced expiratory volume in 1 s, PAS Penetration Aspiration Scale, Y yes, N no, (−) not obtained
Patients 17~22 in italics were dropped out

*Patient 3 took the first cycle edaravone in other hospital, only the total ALSFRS-R score was gained

Fig. 1 Serial changes in
ALSFRS-R total score during six
cycles of treatment. These
showed a variation in the re-
sponse during treatments (a) and
changes of mean ALSFRS-R
score (b) in these 16 patients
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groups. There was no significant difference when patients
were divided into onset types, age at onset (p = 0.57), disease
duration (p = 0.11), changes of FVC, BMI, and score change
of each domain.

Adverse events

No patients who were treated with edaravone experienced any
significant adverse events that led to discontinuation of the
drug. However, two patients reported skin rash during
edaravone administration. Fortunately, occurrences were mi-
nor and easily tolerated with pre-treatment of chlorphenir-
amine and steroids. Other relatively common adverse events
were constipation (n = 4), insomnia (n = 3), headache (n = 2),
and transient leukopenia (n = 1). These symptoms were well
tolerated with appropriate medications to treat symptoms.

Discontinuation of edaravone treatment occurred in 6 pa-
tients. In patient 20, aspiration pneumonia occurred during
edaravone treatment. He was treated in the intensive care unit
and was excluded from the analysis due to the delayed treat-
ment schedule. Pneumonia may have been a symptom of ALS
rather than an adverse event of edaravone. Another patient
dropped out due to accidental disconnection of a ventilator
leading to an abrupt clinical deterioration. Four patients
changed their minds and decided to decline edaravone
treatment.

Percutaneous endoscopic gastrostomy was applied in pa-
tient 8 (cycle 4) and 11 (cycle 3), both of whom finished six
cycles of treatment. Sixteen patients who finished six cycles of
edaravone treatment did not use noninvasive positive pressure
ventilation or receive tracheostomy. Primary spontaneous
pneumothorax also did not occur in these 16 patients [10].

Discussion

In this observational study, ALS patients on edaravone treat-
ment showed modest results in ALSFRS-R and pulmonary
function tests. Several studies of edaravone have reported sig-
nificant outcomes in ALS treatment. Recently, long-term (18-
month) effects of edaravone were favorable in ALSFRS-R
score and survival rates [11]. A recent meta-analysis study
of 183 patients who received edaravone showed an efficacious
result without significant adverse events, consolidating the
clinical evidence with the usage of edaravone [12].

ALS researchers have evaluated disease progression using
ALSFRS-R. They have observed declines in ALSFRS-R
score with disease progression at a rate that is quite consistent
across clinical trials: − 0.92 units per month with a relatively
small variance (standard error of 0.08) in the Northeast ALS
Consortium database [9]. A recent meta-analysis of demo-
graphic and clinical data from Japanese, US, and European
studies also showed a similar decline of 1.03 to 1.21 points/

month in Japanese patients and 0.89 to 1.60 points/month in
Caucasians. This suggests that the findings of these studies
can be generalized in ALS patients irrespective of ethnicity
[13]. The phase 3 clinical trial on edaravone showed an
ALSFRS-R decline of mean 5.01 points in 6 months in the
treated group, and a mean decline of 7.50 points in 6 months
in the control group showing a difference of 2.49 points at the
end of 6 months with statistical significance [5]. Our study
showed a mean decline of 5.75 points which are in accordance
with the edaravone treated group of the recent phase III clin-
ical study. The baseline characteristics of the ALS patients
enrolled in this study had a mean ALSFRS-R of 34.25 and
mean FVC of 75%, reflecting a more advanced stage of ALS
patients in these study patients compared with the recent phase
3 clinical trial. It is noteworthy to mention that a recent study
on advanced ALS patients with a FVC of less than 60%
showed no benefit of edaravone [14], reflecting the impor-
tance of early intervention in treating ALS patients, and our
study showed significant efficacy in ALS patients with a mean
FVC of 75%.More studies on different stages of ALS patients
are needed to tailor down treatment criteria of edaravone.

Recent studies have shown a modest decline in all four
domains of ALSFRS-R: bulbar, fine motor, gross motor, and
respiratory; interestingly, these studies resulted in a similar
prognosis in both bulbar and limb-onset ALS [11]. In our
study, results also indicate that reduction is not limited to a
specific domain but is even across various domains of
ALSFRS-R. Of the 12 limb-onset patients and four bulbar-
onset patients in our study, patients showed a statistically in-
significant mean decline of 3.92 ± 10.01 and 11.25 ± 2.86 in
the ALSFRS-R, respectively. Castillo-Viguera et al. suggested
that a suppression of ALSFRS-R by more than 20% is clini-
cally significant [15]; the phase 3 clinical trial on edaravone
showed a suppression of 33%, similar to our study which
showed suppression of 23% at the end of 6 months. When
compared by gender, onset site or stable/declined groups,
there were no statistical differences.

We also evaluated pulmonary function. The phase 3 clini-
cal trial showed a 15.61% decrease in FVC after 6 months.
Our study patients showed an 8.7% decrease in FVC after
6 months, consistent with previous results. However, these
results were obtained in only in six patients, only three of
whom with an FVC of 80 or greater. It is noteworthy that
patient 8 experienced a rapid decline in ALSFRS-R despite
edaravone treatment. The rapid deterioration may have result-
ed from a variety of ALS phenotypes, but further studies are
needed to better elucidate appropriate criteria for edaravone
treatment [16].

Edaravone is known to result in frequent adverse events,
ranging to 84%. The most common adverse events are contu-
sion, constipation, contact dermatitis, dysphagia, eczema, and
upper respiratory tract inflammation (in order of descending
frequency); 16% of the patients experienced serious adverse
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events. In our study, two patients experienced eczema and
pruritis, which were well tolerated with anti-histamine and
oral steroid treatment. It is also noteworthy to state transient
leukopenia in one patient who recovered after a few days of
initial treatment. No death was encountered during the follow-
up period.

Limitations of our study are as follows. The study was
observational, with no control group for comparison. The
modest number of recruited patient needs to be considered
in evaluating the results. Further studies with more patients
are needed to fully understand the effect of edaravone in dif-
ferent stages of ALS.

Conclusions

This is a study in Korean patients to report on the open-label
study of edaravone on ALS patients. The treatment was well
tolerated without significant adverse events. In accordance
with previous studies conducted in Japan, the US, and
Europe, our study showed no difference across ethnicities in
disease progression in relation to uniform oxidative stress.
Our study is of clinical significance as the treatment was well
tolerated and showed modest improvement in a more ad-
vanced stage of ALS. More studies from various countries
are warranted to confirm the effect of edaravone in patients
with ALS in various stages.
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