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Abstract

Amyotrophic lateral sclerosis (ALS), a neurodegenerative disease, is 
fatal within 3 years of symptom onset. Both upper motor neurons and 
lower motor neurons are targeted. It is hypothesized that: edaravone is 
effective at managing ALS. This review article used a combination of 
secondary and primary research articles to gain a plethora of informa-
tion to help test this hypothesis. Using PubMed, research articles were 
studied to identify important information. For the Introduction, both 
secondary and primary articles were used without a limitation on pub-
lication date. For the Results section, only primary articles were used 
which had to have been published no earlier than 2006. The Results 
section of this review helped to support the hypothesis that edaravone 
is effective at managing ALS. The most pivotal efficacy endpoint, the 
change in the Amyotrophic Lateral Sclerosis Functional Rating Scale 
Revised score, was positively influenced by edaravone over the pla-
cebo. This was shown to be statistically significant by use of analysis 
of variance, amongst other statistical tests. Secondary endpoints such 
as forced vital capacity and pinch strength were also analyzed, show-
ing similar favorable results. From the clinical trials analyzed in this 
review, it is concluded that edaravone is sufficient in treating ALS. 
Edaravone is limited to a target population which could prove to be a 
problem. Future studies should explore this issue in hopes of expand-
ing the treatment population of edaravone.
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Introduction

Amyotrophic lateral sclerosis (ALS), more informally known 
as Lou Gehrig’s disease, is an adult-onset, severely debilitating 
neurodegenerative disease that has a steady and progressive 
course. Once thought to be a pure motor neuron disease, ALS 
is now widely accepted to be a multisystem disease involving 
other domains such as cognition and behavior [1]. The disease 
is known as a heterogeneous disorder, meaning that the same 

disorder can be caused by myriad gene mutations [2]. ALS is 
associated with ≥ 30 gene mutations, with evidence of oligo-
genic inheritance and genetic pleiotropy [3]. This is different 
from a homogeneous disorder in which the catalytic event for 
the disorder is the same for all patients. ALS is considered ei-
ther sporadic (SALS) or familial (FALS), in which 10% of the 
cases are inherited in a familial pattern [4].

The characteristic feature for ALS is the involvement of 
both upper motor neurons (UMNs) and lower motor neurons 
(LMNs), which present with defining features when a lesion 
occurs in the respective neuron. When a lesion takes place in an 
LMN, the characteristic findings will be weakness, muscle at-
rophy and fasciculations. In contrast, when a lesion takes place 
in an UMN, the characteristic findings will be hyperreflexia 
and hypertonia [2]. ALS has variable presentation from patient 
to patient; however, ALS begins with arm and leg weakness 
in two-thirds of patients, and the first symptoms are usually 
asymmetrical and include foot drop, problems with walking, 
decreased hand dexterity and weakness when lifting the arms 
[5]. The phenotypical variabilities associated with ALS will be 
mentioned in more detail below.

There are no geographical limitations on the occurrence of 
ALS; however, the incidence is varied across different regions 
and ethnicities [1]. The cause for this difference is most likely 
due to there being many genes involved in the pathogenesis of 
ALS, and the different environmental risk factors that present 
in varying locations. Different risk factors will be discussed in 
more detail in the following sections.

Pathogenesis

The pathognomonic feature of ALS is the involvement of both 
UMN and LMN. The initial insult leading to the motor neu-
ron dysfunction is still not yet fully understood. It is known 
that the neuropathological hallmark of the disease is the ag-
gregation of ubiquitylated proteinaceous inclusions in motor 
neurons. However, researchers have speculated that the ag-
gregations themselves may not be the toxic substrate, but that 
the high-molecular-weight complexes (HMWCs) that precede 
the aggregates are the toxic species [3]. The shedding of these 
HMWCs acts in a prion-like manner, leading to the propaga-
tion of the disease [6].

ALS is a multisystem disease consisting of an array of mu-
tations and several different phenotypical variants. It is severe-
ly debilitating, having an overall life expectancy of 3 years, 
with respiratory failure being the most common cause of death 
[5]. The vast amount of mutations makes it hard to understand 
the pathophysiology in full, but recent research has proven to 
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be helpful in this feat.
One of the more commonly researched genes containing 

mutations relevant to ALS is the superoxide dismutase gene 
(SOD1), which is essential in reducing oxidative stress on the 
cell through the scavenging of oxygen radicals. Studies have 
demonstrated that the mutation in the SOD1 gene is a gain-
of-function mutation leading to the accumulation of more re-
active oxygen species (ROS). These ROS are highly toxic to 
the cell as they react with many organic molecules facilitating 
damage [7]. However, it is almost impossible to measure the 
levels of oxidative stress directly, so instead researchers meas-
ure the levels of oxidative stress biomarkers. These biomarkers 
are species such as products of DNA oxidation (8-hydroxy-2’-
deoxyguanosine), lipid oxidation (4-hydroxy-2,3-nonenal), 
or malondialdehyde (MDA), and protein oxidation (3-nitrot-
ryosine (3NT)) [8]. The research performed on mutations of 
SOD1 has led to oxidative stress being a target for pharmaceu-
ticals such as edaravone (Radicava™).

Phenotypic variability

To diagnose ALS, there must be evidence of involvement of 
both UMN and LMN. Thus, a spectrum exists which patients 
fall upon, where on one end they have primarily UMN signs, 
and on the other end they have primarily LMN signs. When 
there is LMN dominance, there is a question as to whether it 
is ALS or progressive muscular atrophy (PMA), which resem-
bles the characteristics of ALS. Both ALS and PMA are asym-
metric in their presentation, with the only difference being that 
PMA lacks obvious UMN signs. There is evidence however 
that points towards PMA simply representing the end spec-
trum of ALS where LMN signs dominate. For instance, certain 
SOD1 mutations are associated solely with LMN symptoms, 
and there are imaging studies that display widespread frontal 
lobe abnormalities in PMA that are also present in ALS [2]. 
The other supporting evidence for this theory is that, on au-
topsy of patients with isolated LMN signs, there is evidence of 
involvement of the lateral spinal cord (UMN) [9]. Signs of an 
LMN injury, as mentioned above, are weakness, atrophy and 
fasciculations in the muscle.

On the opposite end of the spectrum, where UMN signs 
dominate, which entail hyperreflexia and hypertonia, is where 
many researchers believe primary lateral sclerosis (PLS) fits. 
PLS is a neurodegenerative disorder that is represented by iso-
lated UMN signs. Therefore, it has long been thought to be 
its own separate disorder and not a variant of ALS. The diag-
nosis for PLS is difficult because many patients will end up 
developing LMN signs later in the course of the disease. Thus, 
the diagnosis of PLS must be made after substantial time has 
passed [2]. Evidence supporting that PLS is in fact a bookend 
on the spectrum of ALS is seen in autopsies of patients with 
PLS where there is obvious LMN involvement [10].

Bulbar-onset ALS (BALS), which happens in around 20% 
of patients, is where weakness starts in the bulbar muscles 
(jaw, face, soft palate, pharynx, larynx and tongue). Common 
symptoms associated with BALS are dysarthria (93% of pa-
tients), dysphagia (86% of patients), and tongue fasciculations 
(64% of patients) [11]. There is also a phenomenon known as 

pseudobulbar affect which is uncontrolled laughing or cry-
ing [2]. This variant of ALS is known as a very aggressive 
form and is associated with a poorer prognosis than the spinal 
onset variant. This is often due to the fact that patients with 
BALS are prone to aspiration and nutritional problems due to 
involvement of bulbar muscles. They are also more prone to 
respiratory problems which contributes to early death [12].

Genetics

As stated above, there are many genes that are associated with 
the pathogenesis of ALS, but around two-thirds of all familial 
cases are thought to involve only four genes, Chromosome 9 
Open Reading Frame 72 (C9ORF72), SOD1, Fused in Sar-
coma (FUS), and TAR DNA Binding Protein (TARDBP) [13]. 
Of these four genes, the first to be discovered was SOD1. The 
SOD1 gene mutation accounts for up to 20% of all FALS cas-
es and is associated with an autosomal dominant inheritance 
pattern [5]. This gene is found on chromosome 21 and is as-
sociated with ≥ 160 mutations; thus, there is vast phenotypic 
heterogeneity. For example, the A4V mutation, most common 
in North America, presents as a highly aggressive form of ALS 
which typically results in death within a year of the first symp-
toms. On the other hand, the homozygous D90A mutation has 
a much more torpid course, seeing the patient develop respira-
tory problems far later in the disease [4]. The vast amount of 
mutations associated with a single gene make it difficult to un-
derstand the pathogenicity of each specific mutation and make 
it challenging to map out its penetrance [13]. However, what 
makes mutations in SOD1 so unique is that they do not in-
corporate the pathology associated with TDP-43 and/or FUS 
which is found in almost every other case [4].

The TARDBP mutation accounts for roughly 4% of FALS 
cases, and an even smaller percentage of SALS. The discovery 
of this mutation was of great significance as the TARDBP gene 
encodes for TDP-43, the major component in ubiquitin posi-
tive neuronal inclusions. These inclusions are the pathologi-
cal hallmark of ALS and fronto-temporal dementia (FTD) [4]. 
TARDBP is thought to be associated with about 50 mutations 
which lead to TDP-43 positive inclusions in the brain. These 
inclusions will go on to alter the processing of RNA [5].

The FUS gene is associated with the cause of chromosome 
16p-linked FALS, and accounts for roughly 4% of FALS, and 
less than 1% of SALS [4]. All but one of the mutations associ-
ated with FUS is inherited in an autosomal dominant pattern, and 
the gene mutation is pathognomonic for FUS-positive TDP-neg-
ative inclusions [5]. These inclusions are special in nature be-
cause they are absent of ubiquitin positive and TDP-43 positive 
aggregates. One theory as to why these inclusions contain no 
TDP-43 aggregates is that FUS acts downstream of TDP-43 [4].

The C9ORF72 gene accounts for most of the FALS cases 
(40%) and to a lesser extent some of the SALS cases (7%). 
There is a large hexanucleotide repeat expansion in the gene 
(GGGGCC) which is the cause of chromosome 9p21-linked 
ALS and FTD. The repeat expansions alter RNA metabolism 
which causes damage to motor and frontal cortex neurons [4]. 
As was the case with the TARDBP mutation, there is accumu-
lation of TDP-43 protein in the brain [5].
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Epidemiology

Recent epidemiological research has shed light on the dis-
parity in the incidence of ALS across different regions of the 
world, and amongst different ethnicities. ALS does not specifi-
cally target any sub-population; however, it is known that the 
disease has a higher prevalence in Caucasians, men, non-His-
panics, people over the age of 60, and persons with a history of 
FALS [14]. A recent study demonstrating statistics from 2015 
found the prevalence of ALS in the USA to be 5.2 per 100,000, 
with a total 16,585 cases. This same study also found the com-
mon theme of which sub-populations have a higher prevalence 
of ALS to hold true, where the lowest prevalence was in per-
sons aged 18 - 39 (the highest being in persons aged over 60), 
men have a much greater prevalence than women, and white 
people have a greater prevalence than black people [15].

In Europe, a recent study found the incidence of ALS to be 
2.2 per 100,000 person-years for the general population. Areas 
such as East Asia (0.89 per 100,000 person years) and South 
Asia (0.79 per 100,000 person years) have the lowest incidence 
levels. The wide margin of difference is most likely due to the 
many different genes that are in play and the potential for dif-
ferent environmental risk factors [1]. The environmental risk 
factors are not fully known, but some research has been done 
to show that exposure to smoking, lead, heavy metals and elec-
tromagnetic fields may increase the risk of ALS, whereas type 
2 diabetes mellitus, female contraceptive hormones and high 
lipid levels may decrease the risk of developing ALS [3, 16].

Survival is also different based on location. In Europe 
survival is much shorter than that in Central Asia (24 months 
and 48 months respectively). There is also a difference in sur-
vival time when comparing people of mixed ancestry with 
those who are not. In Cuba, when comparing the population 
of mixed ancestry versus the population of white or black in-
dividuals the mortality rates were of significant difference [3]. 
Understanding the epidemiology and mortality of ALS is im-
portant in creating a clinical profile for patients, and as more 
research on this topic is done perhaps a better individualized 
care plan can be created.

Treatment

There are currently two FDA approved drugs for the treatment of 
ALS, riluzole and edaravone. Riluzole, the first FDA approved 
drug for ALS, has been shown to increase survival by 3 months, 
and has no substantial effect on muscle improvement. The mech-

anism of action of riluzole is not fully understood; however, it is 
believed that the drug works by blocking voltage gated sodium 
channels which reduces glutamatergic neuron transmission [3].

Edaravone, also known as MCI-186, the most recent FDA 
approved drug for ALS (2017), has shown promising results 
in selective patients. The drug is known to be a free radical 
scavenger, eliminating oxidative stress and cellular damage 
by removing lipid peroxides and hydroxyl radicals [17]. These 
measures are in part due to the transferring of an electron, from 
the drug, to the radical [18]. Through the scavenging of free 
radicals, edaravone has shown protective effects on neurons, 
glia, and vascular endothelial cells and has demonstrated the 
ability to decrease the inflammatory response of activated mi-
croglial cells [8].

Rationale

This review will explore several recent clinical trials demon-
strating the effects of edaravone on ALS patients. With an un-
derstanding that oxidative stress is a major factor in neuron 
damage, it is proposed that a free radical scavenger can have 
a substantial impact on the pathogenesis of ALS [18]. With 
proven success in a specific sub-population of ALS patients, 
edaravone has the potential to alter the current course of ALS 
and change the way clinicians manage their patients.

Literature Search

For this review article, several topics were researched in-depth 
with the help of PubMed. The Introduction of this article was 
designed to gain an understanding of ALS from its symptom 
presentation to its epidemiological pattern. For this, there was 
no limit on specific dates on which an article had to be pub-
lished. This is because there are important articles that were 
published many years ago that include background informa-
tion that is key to understanding ALS. There was also no limi-
tation on whether an article was a primary or a secondary arti-
cle. Search criteria that were used to obtain these articles were: 
ALS, FALS, ALS treatment, ALS epidemiology, ALS presen-
tation, ALS phenotypical variants, ALS genetics, edaravone, 
free radical scavenger, oxidative stress, ROS, neuron damage, 
neurodegeneration, superoxide dismutase, and superoxide dis-
mutase gain of function mutation in ALS.

For the Results section of this paper, only primary research 
articles were used (Table 1). The use of primary articles, fo-

Table 1.  Study Design of Final Selected Publications

Study design Number of studies
Open clinical trial 2
Randomized clinical trial, double blind, placebo controlled 3
Post hoc analysis 4
Extension study 2
Safety analysis 1
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cused around clinical trials, helps to hone in on the hypothesis 
of this review article, in regards to the use of edaravone for 
ALS. Inclusion criteria were that the papers had to be primary, 
and they could not be published before 2006 (Fig. 1). I chose 
to limit the publication date to 2006 as to make sure the infor-
mation on the drug of interest was as recent as possible. The 
search criteria that were used to obtain these primary articles 
were very similar to those used in the Introduction. In addi-
tion to the search terms used above, the therapeutic effects of 
edaravone, edaravone as a free radical scavenger, edaravone 
for ALS, and edaravone as a protective measure against neuro-
degeneration were used. Most of the primary articles are from 
the same journal. This is because edaravone is a relatively new 
drug, especially in relation to the treatment of ALS; thus, there 
are not an abundance of clinical trials yet. Also, many of the 
clinical trials are post hoc analyses, or extension studies, on 
previous trials, in which the researchers are searching for spe-
cific sub-populations or safety measures (Supplementary Ma-
terial 1, www.neurores.org).

Literature Review

An open trial study, published in 2006, looked at the potential 
therapeutic effects of edaravone in treating ALS. Specifically, 
this study was designed to determine if there was a connection 
between the free radical scavenging capabilities of edaravone 
and the known oxidative stress present in the pathogenesis of 
ALS. It is known that 3NT is a marker of oxidative cellular 
damage, and that this biomarker is elevated in post-mortem ex-
amination of patients with ALS. Also, oxidative lesions are of-
ten present in nervous tissue of patients with ALS. Therefore, 
there is a real potential for exploring a free radical scavenger 
and its ability to treat ALS [18].

The inclusion criterion for the study was that there had to 
be a diagnosis of either SALS or FALS. As for the exclusion 
criteria, it was as follows: there could not be a tracheotomy, 
artificial respiration, or dyspnea, no advanced cancer, no se-
vere cardiac insufficiency, stable ALS Functional Rating Scale 
Revised (ALSFRS-R) score, and no person under the age of 
20 years [18]. A person meeting both the inclusion and exclu-
sion criteria, after giving informed consent, could participate 

in the study.
The protocol for administration of edaravone and the ob-

servation periods will be listed below. Either 30 or 60 mg of 
edaravone, dissolved in 100 mL of saline, was given to patients 
once per day via an intravenous (IV) drip. This was done for 
14 consecutive days which was then followed by a 2-week ob-
servational period. The observation period was set in place to 
check for any side effects that may result due to edaravone. If 
there were no side effects noted, then edaravone would again 
be administered once a day for 2 weeks followed by a 2-week 
observational period. This process was repeated five times, 
giving the study a total length of 6 months [18].

Since 3NT is a potent biomarker of oxidative damage, an 
enzyme immunoassay (EIA) was used to measure the levels of 
3NT in cerebrospinal fluid (CSF). The primary endpoint used 
for this study was the change in ALSFRS-R score 6 months 
after completion of the edaravone administration period. There 
were also secondary endpoints that were measured which in-
cluded muscle function, respiratory function, blood gases, 
CSF protein, 3NT, and lipid peroxide levels in the CSF and 
blood [18]. These secondary endpoints were also assessed 6 
months following the completion of the edaravone administra-
tion period.

This study used the Wilcoxon signed rank test to determine 
the statistical significance of differences in rates of decline of 
ALSFRS-R score, and the criterion of statistical significance 
was set at P < 0.05. At the beginning of the study there were 
initially 20 participants, of which four patients ended up exit-
ing the study early and did not get factored into the data [18]. 
This left a total of four subjects in the 30-mg group, and 12 
subjects in the 60-mg group. To compare the changes in the 
ALSFRS-R score in the 6 months before starting treatment, 
and the 6 months during treatment, efficacy was evaluated in 
all 12 subjects in the 60-mg group who completed the entire 
six treatment cycles. Safety was evaluated for all the subjects 
[18].

For the results, the study demonstrated that during the 
6-month treatment period the decline in the ALSFRS-R score 
was 2.3 ± 3.6 points, which was significantly less than that 
in the 6 months prior to treatment with edaravone (4.7 ± 2.1 
points) [18]. These data are important as it shows that treat-
ment with edaravone, in the 60-mg group, reduced the rate of 
decline of the ALSFRS-R score by 2.4 ± 3.5 points (Wilcoxon 
signed rank test, P = 0.039) [18]. Another interesting, and high-
ly important, discovery was that in almost every patient in the 
60-mg group, the levels of CSF 3NT were markedly reduced. 
The combination of the reduced ALSFRS-R score and the fact 
that the 3NT levels were reduced indicates that edaravone is 
effective at treating ALS and reducing oxidative damage.

Outside of 3NT, there are other biological markers that 
can be used to measure the levels of oxidative damage. An 
open trial study measured the amount of oxidative damage, 
and the effect of edaravone on these measurements, by looking 
at the levels of the redox balance of plasma coenzyme Q10, 
plasma uric acid (UA), and the percentage of polyunsaturated 
fatty acids (PUFAs) in total plasma free fatty acids (FFAs). The 
study consisted of 26 participants that had to have a diagnosis 
of SALS or FALS. The exclusion criteria were that no subject 
could have compromised respiratory function, any cancers or 

Figure 1. Flowchart illustrating selection of primary articles.
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severe cardiac insufficiency, or be less than the age of 20 [19].
The study drug, edaravone, was dissolved in 100 mL of 

saline and then administered intravenously at a rate of one to 
four times a week. Amongst the 26 subjects, 17 received edara-
vone for at least 3 months, and the other 13 subjects continued 
the treatment for 6 months. Researchers collected heparinized 
blood from the subjects before and after the administration of 
edaravone at week 0, week 1, month 1, month 3, and month 6. 
The ALSFRS-R score was also measured at the same interval 
periods during this study [19].

As for the results and data for the study, the statistical sig-
nificance of differences was calculated with Student t-test, and 
to measure the time course of efficacy of edaravone adminis-
tration the post-treatment data were assessed using repeated-
measures analysis of variance (ANOVA). The group differ-
ences were analyzed with Fisher’s exact probability test, and 
the P value, determining what is statistically significant, was 
set at P < 0.05 [19].

Results showed that there was no significant difference 
in plasma antioxidants and total coenzyme Q10 between the 
26 study subjects and a control group consisting of 55 age-
matched healthy controls. But there was a significant decrease 
in UA and plasma bilirubin (BR). The change in ALSFRS-R 
score in the 26 subjects showed a significant improvement 
at the end of the 6 months (P < 0.008). This study showed 
that edaravone is effective at slowing down the progression of 
ALS; however, it does indicate that edaravone alone is not ef-
fective in reducing coenzyme Q10 levels [19].

Due to the displayed success of edaravone in treating ALS 
and oxidative damage in previous studies, as listed above, 
edaravone has become a key player in clinical trials geared to-
wards ALS. To date, there are four different ALS study groups 
that have carried out different clinical trials: The Edaravone 
(MCI-186) ALS 16 Study Group, The Edaravone (MCI-186) 
ALS 17 Study Group, The Edaravone (MCI-186) ALS 18 
Study Group, and The Edaravone (MCI-186) ALS 19 Study 
Group. In the following paragraphs a more in-depth analysis 
of these study groups will be shown, with the goal being that a 
better picture can be drawn with regards to edaravone and its 
clinical impact on ALS.

In 2014, a randomized control trial (MCI186-16), which 
was double blinded and featured a placebo group, aimed to 
study the efficacy and safety of edaravone with respect to treat-
ing ALS. This study was the first phase III clinical study of 
edaravone for ALS. The inclusion criteria for this study were 
as follows: subjects’ age had to fall between 20 and 75 years, 
they had to have a diagnosis of either definite, probable or 
probable laboratory-supported ALS, they had to have a forced 
vital capacity (FVC) of at least 70%, the duration of disease 
had to be within 3 years, the change in ALSFRS-R score dur-
ing the 12-week pre-observational period had to be between 
-1 and -4 points, and the subjects had a Japanese ALS severity 
classification of 1 or 2. Having a Japanese ALS severity clas-
sification of 1 or 2 meant that the patients were either able to 
work or perform housework (1) or that they were independent 
in their living, but were unable to work (2) [17]. This study 
also had exclusion criteria which were as follows: reduced res-
piratory function and complaints of dyspnea, any disorder that 
would complicate evaluating the efficacy of edaravone, any 

complication requiring hospitalization, any infections that re-
quire antibiotics, renal dysfunction marked by creatinine clear-
ance of 50 mL/min or less within 28 days before treatment, and 
any undergoing cancer treatment [17].

Before any randomization happened, which placed pa-
tients either in the treatment group (receiving edaravone) or 
in the placebo group (receiving saline), there was a 12-week 
pre-observation period. During the randomization period re-
searchers used dynamic allocation, which involves the use of 
non-random algorithms, to minimize the effects of three fac-
tors: change in ALSFRS-R score during the pre-observation 
period (-4, -3 or -2, -1), disease presentation (bulbar or limb), 
and use of riluzole (yes or no) [17].

The study period was 9 months, which consisted of the 
12-week pre-observational period followed by a 24-week 
treatment period. In the treatment group, edaravone was ad-
ministered in 60 mg doses intravenously for 1 h once per day. 
In the placebo group, saline was administered following the 
same dosing guidelines in the treatment group. One treatment 
cycle was composed of 2 weeks of study drug administration 
followed by a 2-week observational period. During the first cy-
cle, edaravone was given every single day during the treatment 
period, and for each cycle thereafter (cycles 2 - 6) edaravone 
was given for 10 out of the 14 days during the treatment period 
[17].

The primary efficacy endpoint of this study was the 
change in the ALSFRS-R score. There were also several other 
secondary endpoints [17]. To evaluate these changes, patients 
were analyzed before the pre-observation, before the start of 
treatment cycle 1, and at the end of each treatment cycle. This 
allowed for a detailed analysis of the changes that took place 
throughout the study.

The study aimed for a target population of 200 patients. 
The statistical power of the study was set at 85% when at least 
100 patients were enrolled per group. To measure the change 
in ALSFRS-R scores during treatment, which is the difference 
between the score before the start of the first treatment cycle 
and the score at 2 weeks after the end of the last treatment 
cycle, an analysis of covariance (ANCOVA) was used. The 
efficacy of edaravone could only be noted if a significant inter-
group difference was found. To interpret the main effect of the 
study, a two-sided level of significance of 5% and a two-sided 
95% confidence interval (CI) were chosen, and to determine 
the existence of effect on interaction a two-sided level of sig-
nificance of 15% was chosen [17]. Researchers used ANCOVA 
and repeated-measures ANOVA for the secondary endpoints 
as well.

Results from the study showed that the inter-group differ-
ence (changes in the ALSFRS-R scores) was 0.65 points by 
ANCOVA which was not statistically significant. There was 
also no statistically significant inter-group difference when re-
peated-measures ANOVA was used. Pinch strength, one of the 
secondary endpoints, did show statistical significance in favor 
of the edaravone group (P = 0.038) [17]. Thus, this study did 
not demonstrate efficacy of edaravone in halting the progres-
sion of ALS.

A post hoc subgroup analysis focusing on the outcomes of 
MCI186-16 aimed to pinpoint a specific sub-group that edara-
vone may show efficacy in [20]. As a continuation study of 
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MCI186-16, this study wanted to find the reasons as to why 
edaravone did not show efficacy in delaying the progression 
of ALS. The study design for this post hoc analysis was kept 
the same as the original study design in MCI186-16, making 
the change in ALSFRS-R score the primary endpoint. To find 
a sub-group population in which the efficacy of edaravone 
can be demonstrated there were two sub-group populations 
created: efficacy-expected sub-population (EESP), and the 
greater-efficacy-expected sub-population within the EESP 
(dpEESP2y). Dynamic allocation was also used in this process 
focusing on three different factors: 1) Change in the ALSFRS-
R score during pre-observation; 2) Initial symptom being ei-
ther bulbar or limb; and 3) Concomitant use of riluzole. Those 
who were allocated into the EESP group had an FVC of ≥ 80% 
before treatment and ≥ 2 points for all item scores in the ALS-
FRS-R before treatment. Those who were allocated into the 
dpEESP2y group had a diagnosis of definite or probable ALS 
and were within 2 years of initial ALS symptom onset at the 
time of giving informed consent [20].

To analyze the data in this study researchers used ANOVA 
to determine the changes in ALSFRS-R scores during treat-
ment, which consisted of the time frame from before treatment 
was started to 24 weeks after starting treatment. Researchers 
also used ANOVA to analyze secondary endpoints which con-
sisted of %FVC, Modified Norris Scale score, and 40 items 
ALS assessment questionnaire (ALSAQ-40) score [20].

At the end of the study the populations per group were as 
such: the full analysis set (FAS) consisted of 205 patients (104 
patients in the placebo group, and 101 patients in the edaravone 
group), the EESP group consisted of 104 patients (50 patients 
in the placebo group, and 54 patients in the edaravone group), 
and the dpEESP2y group consisted of 72 patients (32 patients 
in the placebo group, and 40 patients in the edaravone group) 
[20]. The differences of the least square mean between groups 
in regards to the change in the ALSFRS-R score ± standard 
error (SE) during treatment were as follows: 0.65 ± 0.78 (P 
= 0.4108) in the FAS, 2.20 ± 1.03 (P = 0.0360) in the EESP, 
and 3.01 ± 1.33 (P = 0.0270) in the dpEESP2y [20]. From this 
data, it can be seen that there was a significant inter-group dif-
ference in the EESP and dpEESP2y; however, there was not a 
significant inter-group difference in the FAS. Expanding upon 
this further, it is seen that the inter-group difference was larg-
est for the dpEESP2y. The results for the secondary endpoints 
maintained the same trend as that of the primary endpoint. 
The inter-group differences of %FVC and the Modified Norris 
Scale score were largest for the dpEESP2y [20].

This study proved that edaravone had a substantial im-
pact on inhibiting the progression of functional disorder in pa-
tients with ALS in a specific sub-group of patients (EESP and 
dpEESP2y). In addition to the positive effects of edaravone 
listed above, this study also found that there were no notable 
safety issues in either the EESP or the dpEESP2y. Finding a 
specific sub-population of ALS in which edaravone is effective 
is a starting point for finding the right niche in which edara-
vone can be included in treatment plans.

After the completion of MCI186-16 an extension study 
was performed (MCI186-17) to evaluate the longer-term ef-
ficacy and safety of edaravone. Patients were enrolled into this 
extension study if they completed treatment in the original 

study without meeting any of the exclusion criteria which in-
cluded renal failure at the end of cycle 6. A total of 181 patients 
were enrolled into the extension study out of a possible 183 pa-
tients. The FAS consisted of 180 patients. Patients in the origi-
nal study who had received edaravone were randomized into 
either the edaravone or placebo group in the extension study, 
while those who originally were in the placebo group were all 
assigned to the edaravone group in the extension study. The 
extension period took place for 6 months (cycles 7 - 12), and 
after this period all patients could receive edaravone for an ad-
ditional 3 months (cycles 13 - 15) [21].

The efficacy endpoints for this study were the changes 
in the ALSFRS-R score, time to death, disease progression, 
%FVC, Modified Norris Scale score, ALSAQ score, hand 
grip strength, and pinch strength. To evaluate these endpoints 
ANOVA was used, and each endpoint was compared between 
the edaravone-edaravone (E-E) and the edaravone-placebo 
(E-P) groups from the baseline (before starting cycle 7) to 6 
months after the baseline (the end of cycle 12). The level of 
significance for the FAS in this study was set at 5% (two-sided) 
[21].

The inter-group difference amongst the E-E and E-P did 
not show statistical significance in either the FAS or the EESP; 
however, the difference in the EESP (1.85 ± 1.14, P = 0.1127) 
was greater than that in the FAS (1.16 ± 0.93, P = 0.2176) [21]. 
Neither the E-E or E-P, in the FAS or the EESP, showed any 
statically significant changes in endpoints from baseline to the 
end of cycle 12. There were also no statistically significant dif-
ferences in the rate of adverse events (AEs) between the E-E 
and the E-P groups (P = 0.3625). This study was not performed 
necessarily to see a decline in a patient’s ALSFRS-R score; 
however, it was to measure the efficacy and long-term safety 
of edaravone, which it did successfully. The study helped to 
establish a timeframe in which edaravone continues to show 
efficacy (up to 15 cycles) [21].

A post hoc analysis of MCI186-17 was conducted which 
focused on the dpEESP2y, which consisted of the patients who 
met dpEESP2y criteria at the beginning of study MCI186-16. 
This study analyzed the changes in ALSFRS-R scores in the 
dpEESP2y from week 24, the start of MCI186-17, to week 
48 which was the end of MCI186-17. This was also done for 
the sub-populations that met each criterion used to define the 
dpEESP2y. To compute the data ANOVA was used which was 
bounded by treatment group and change in ALSFRS-R score 
during the pre-observation period as fixed effects [22]. The 
level of statistical significance was set at 95% (P = 0.05).

As stated previously, MCI186-17 had a total of 181 pa-
tients enrolled into the study, with a total of 67 patients in the 
dpEESP2y group. Within the dpEESP2y group, there were 22 
patients in the E-E group, 16 patients in the E-P group, and 29 
patients in the P-E group. The least square mean difference, 
with regards to the changes in ALSFRS-R, between the E-E 
group and the E-P group was 2.79 ± 1.51 in the dpEESP2y (P = 
0.0719) [22]. The between-group difference in ALSFRS-R was 
greatest in the dpEESP2y in both MCI186-16 and MCI186-17, 
while both the dpEESP2y and EESP showed a greater differ-
ence than the FAS. Thus, both studies conveyed that edaravone 
treatment had a greater impact on the differences in change in 
ALSFRS-R than did placebo and provide evidence that edar-
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avone is clinically effective at treating ALS in patients who 
meet dpEESP2y criteria at baseline [22].

MCI186-18, a randomized control trial that was double 
blinded and featured a placebo group, also continued off the 
first phase III confirmatory study (MCI186-16). However, in-
stead of patients only requiring a grade of 1 or 2 on the Japan 
ALS severity classification scale, as in MCI186-16, they need-
ed to have a grade of 3. A grade of 3 meant that these patients 
were no longer able to live independently. Along with needing 
a grade 3 on the Japan ALS severity classification sale, patients 
were also required to meet the following criteria: age 20 - 75 
years, a diagnosis of definite, probable, or probable-laborato-
ry-supported ALS, %FVC of at least 60%, duration of the first 
symptom within at least 3 years, and change in ALSFRS-R 
score during the 12-week pre-observation period before the 
administration of edaravone of -1 to -4 points [23]. Patients 
were excluded from this study if they met any of the following 
criteria: reduced respiratory function, dyspnea, and renal dys-
function (creatinine clearance of 50 mL/min or below) within 
28 days before treatment. The study design was the same as 
that of MCI186-16.

The endpoints used for measuring efficacy for this study 
were changes from baseline to the end of cycle 6 (the last cy-
cle) in the ALSFRS-R score, %FVC, Modified Norris Scale 
score, ALSAQ, grip strength, pinch strength, and time to death 
or disease progression. Statistical significance for this study 
was two sided and was set at 5%. To evaluate the change in 
ALSFRS-R score for before the start of cycle 1 to the end of 
cycle 6 ANOVA was performed. Repeated measurement AN-
COVA was used to evaluate the ALSFRS-R score from the end 
of cycle 1 to the end of cycle 6 [23]. The other endpoints in the 
study were analyzed via ANOVA or repeated-measures ANO-
VA. The last observation carried forward (LOCF) method was 
used to assign missing data for patients who completed cycle 
3 but had missing data at the end of cycle 6. Fisher’s exact 
test, with a two-sided level of significance of 5%, was used to 
calculate the safety of the study [23].

There were 27 patients registered at the beginning of the 
study, but two patients were excluded from the study after the 
12-week pre-observation period. The FAS and the safety anal-
ysis set included all 25 patients. The edaravone group had four 
patients that discontinued treatment, and there were 0 patients 
in the placebo group that discontinued. Being that there were 
several discontinuations in the edaravone group, and 0 in the 
placebo group this created an imbalance between the groups. 
There were no statistically significant differences with respect 
to the change in ALSFRS-R score between the two groups (P 
= 0.835 in the edaravone group and P = 0.945 in the placebo 
group). As was seen with the change in ALSFRS-R score, 
there were no statistically significant differences in any of the 
other endpoints. There was also no significant inter-group dif-
ference with respect to AEs (P = 1.000), adverse drug reactions 
(ADRs) (P = 0.593) or serious AEs (SAEs) (P = 1.000) [23].

Based on the results listed above, the study failed to find 
any statistically significant inter-group difference changes in 
the ALSFRS-R score or other endpoints. This could be due in 
part to the limited population size which does not convey much 
data. It would be hard to amass a sample size large enough to 
acquire the data needed to show a trend in edaravone being 

effective in ALS patients with a Japan ALS severity classifica-
tion scale of 3.

MCI186-19, a phase III randomized control trial, which 
was double blinded and featured a placebo group looked to 
define the safety and efficacy of edaravone in patients with an 
early stage of ALS and meeting certain criteria which will be 
described below. Patients had to be within 20 - 75 years, have 
an ALS of grade 1 - 2 in the Japan ALS severity classifica-
tion, at least a score of two points on each of the 12 items in 
the ALSFRS-R, %FVC of at least 80%, a diagnosis of defi-
nite or probable ALS, a disease duration of 2 years or less, 
and a decrease of 1 - 4 points in the ALSFRS-R score during 
the 3-month observation period [24]. The study design is very 
similar to the previous studies, but a brief recap will be men-
tioned below. Patients were randomized into either the treat-
ment group (IV edaravone) or the placebo group (IV saline). 
Edaravone or saline was administered in 60 mg doses for a 
total of six cycles with each cycle lasting a total of 4 weeks, 
giving the total duration of the study a time frame of 24 weeks. 
Cycle 1 saw either edaravone or saline be administered once 
per day for 14 straight days which was then followed by a 14-
day observation period. Cycles 2 - 6 saw that patients received 
treatment for only 10 days out 14, which was then followed by 
a 14-day observation period.

The main efficacy outcome of the study was the change in 
ALSFRS-R score from the beginning of the study to the end 
of the study (baseline - 24 weeks). The data were compared 
between the two groups using ANOVA, with statistical sig-
nificance being set at 0.05 [24]. For those patients who had 
missing data at the end of cycle 6, a linear regression was 
used to impute the data while considering the progression of 
ALS as a factor. Secondary endpoints were also analyzed via 
ANOVA; however, there was no adjustment for multiplicity. 
Least square mean differences between the two groups were 
estimated for the efficacy endpoints (from baseline to the end 
of cycle 6). A Kaplan-Meier plot, log-rank test and generalized 
Wilcoxon test were used to analyze the secondary endpoint of 
time to death or disease progression [24].

Of the efficacy endpoints analyzed by least square mean, 
there were only three statistically significant values: ALSFRS-
R score for which the edaravone group had a value of -5.01 
± 0.64 and the placebo group had a value of -7.50 ± 0.66 (P 
= 0.0013), Modified Norris Scale scores total for which the 
edaravone group had a value of -15.91 ± 1.97 and the place-
bo group had a value of -20.80 ± 2.06 (P = 0.0393), and AL-
SAQ-40 score for which the edaravone group had a value of 
17.25 ± 3.39 and the placebo group had a value of 26.04 ± 3.53 
(P = 0.0309). At the end of cycle 6, the mean ALSFRS-R score 
for those taking edaravone was 37.5 with a standard deviation 
(SD) of 5.3. This score was similar to the mean ALSFRS-R 
score for those patients receiving placebo at the end of cycle 
4 (37.8 ± 4.1). For the entire study, the difference in the ALS-
FRS-R score between the two groups was 33% [24]. These 
results support that edaravone is effective at treating ALS.

A post hoc analysis of MCI186-19 was performed to con-
firm the statistical robustness of the result. This study used 
three different statistical methods to analyze the data: 1) All 
patients were included in the results regardless of treatment 
cycles received (ALL LOCF) via an ANOVA; 2) A mixed 
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model for repeated measurements (MMRMs) analysis; and 3) 
The Combined Assessment of Function and Survival (CAFS) 
endpoint. There was an overwhelming amount of support for 
edaravone being more superior than the placebo in halting 
functional decline in ALS [25].

When using ANOVA with ALL LOCF, the difference in 
the least square mean with SE between the two groups was 
2.37 ± 0.75 (P = 0.0019), and when using MMRM it was 2.81 
± 0.78 (P = 0.0004). When using the CAFS endpoint the sta-
tistical difference between the two groups was 41.64 ± 12.30 
(P = 0.0009). With regards to the distributions of changes in 
ALSFRS-R total score, using ALL LOCF, from the beginning 
of the study to the end of the study, there was a shift favor-
ing edaravone over placebo. The edaravone group had 39% of 
patients showing minimal functional decline (+1, -2 change), 
while the placebo group had 13% of patients showing minimal 
functional decline [25]. As stated before, edaravone was also 
shown to be favored for all 12 items of the ALSFRS-R and for 
all four domains of the ALSFRS-R. Researchers found that the 
smallest difference was in the respiratory subdomain, and that 
the effect in the domains had no preference on either bulbar 
onset or limb onset [25]. The results of this study show support 
for edaravone being effective in the management of ALS.

Following the completion of MCI186-19, an extension 
study was designed to explore the longer-term efficacy and 
safety of edaravone. This study was offered to all patients who 
completed the full six cycles in the double-blind period. Out 
of the possible 137 patients a total of 123 continued to the ex-
tension period, with 65 patients being E-E and 58 being P-E 
[26]. The study featured a discontinuation criterion in which 
patients had to have a %FVC > 50% and a PaCO2 ≥ 45 mm Hg.

The efficacy endpoints consisted of change in the ALS-
FRS-R total score, %FVC, Modified Norris Scale score, AL-
SAQ-40 score, and time to death or disease progression. These 
endpoints were measured before the pre-observation period, 
before the start, and end, of the first treatment cycle. As for 
safety, measurements included the incidence of AE, ADR, 
SAE, and laboratory tests [26].

The FAS was used to analyze efficacy in the study, while 
the safety analysis set, which included any patient who re-
ceived at least one dose of the study drug and had at least one 
safety data point, was used to analyze safety. A Kaplan-Meier 
curve was used to analyze time to the first event date of death 
or disease progression. The change in ALSFRS-R score from 
baseline (cycle 1) to the end of the extension study (cycle 12) 
favored those patients who had received edaravone for the en-
tirety of the study: E-E group (-8.0 ± 5.6) versus P-E group 
(-10.9 ± 6.9). For AE, 81.5% of patients in the E-E group and 
82.8% of patients in the P-E group experienced at least one 
AE, and 26.2% of patients in the E-E group and 39.7% of pa-
tients in the P-E group experienced SAE. There was no sig-
nificant difference in laboratory measurement changes when 
comparing the two groups. The incidence of ADR in the E-E 
group was 6.2%, while in the P-E group it was 5.2% [26].

Researchers also found that there was no significant dete-
rioration in the %FVC, Modified Norris Scale, or the ALSQ-
40 during this extension period. This, along with the linear 
change in the ALSFRS-R score for the E-E group throughout 
the entirety of the study (cycle 1 - 12), and the lack of concern 

for safety of edaravone, provides no warning that edaravone is 
un-safe when used for an additional six cycles.

The extension study of MCI186-19 did not use a statisti-
cal test to compute their data; thus, a post hoc analysis of this 
extension study was designed to gather a better interpretation 
of the efficacy of the change in ALSFRS-R score and other ef-
ficacy endpoints. The post hoc analysis focused on an MMRM 
and the CAFS for assessment, while also analyzing the slopes 
of time-dependent change between baseline (cycle 1) and the 
end of cycle 6, and between the end of cycle 6 and the end of 
cycle 12 using a random coefficient model which included all 
the available data for each time period [27].

The MMRM, at week 48, showed a decline in ALSFRS-R 
total score in the E-E group that was significantly less than that 
in the P-E group (least square mean change from baseline ± SE, 
4.17 ± 1.40, P = 0.0037). This finding conferred that the dif-
ferences in the ALSFRS-R total score during the double-blind 
period (cycles 1 - 6) were sustained in patients who received 
edaravone for an additional six cycles. This sustainment was 
aided by a CAFS endpoint with a P = 0.0089. As for the analy-
sis of the slope, the study found that the double-blind period 
showed a significant difference between the two groups, while 
there was not a significant difference between the two groups 
during the extension period [27]. The above data demonstrates 
that there is a benefit of administering edaravone early, and 
continuing the treatment over an extended period, then post-
poning edaravone treatment. This post hoc analysis displays 
the beneficial effects of using edaravone in the treatment of 
ALS, especially when it is used early in the disease process.

A safety analysis for the double-blind period of the three 
randomized, placebo controlled trials, which are referenced 
above, found that the overall amount of deaths and discon-
tinuations due to AE were either less in the edaravone group 
or similar to the placebo group [28]. The total analysis of the 
study consisted of 368 patients, with 184 in the edaravone 
group, and 184 in the placebo group. This safety analysis helps 
to ensure the data extrapolated during the original studies are 
sufficient in saying edaravone is as safe, if not safer, as the 
placebo.

Discussion

Clinical research directed towards establishing therapeutic 
evidence for edaravone in treating ALS is centered around 12 
clinical trials. While performing these clinical trials, research-
ers were able to show a connection between the study drug and 
disease; however, the connection was not always significant. 
The fact that edaravone has a role in eliminating oxidative 
stress was consistent throughout all the studies, but the target 
population of edaravone amongst the studies did vary.

One of the studies found that the reduction in the ALS-
FRS-R score was not statistically significant between the treat-
ment group and the placebo group, even though the treatment 
group had a smaller reduction. The thought process then turned 
towards finding a specific sub-group within the general ALS 
population in which edaravone would show statistical signifi-
cance. This sub-group was labeled dpEESP2y. This sub-group 
was studied further to identify a time-period of effectiveness 
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which was found to be 24 - 48 weeks. Another study also re-
quired specific inclusion criteria for patients and this study 
proved to show efficacy as well. Edaravone only showed effi-
cacy in a defined sub-population, limiting its therapeutic range.

A post hoc analysis also demonstrated results that favored 
edaravone, showing that the study drug slows functional de-
cline in ALS patients. It was also determined that edaravone 
should be administered early in the disease cycle and should 
be continued without interruption. None of the studies demon-
strated any increased safety factors for edaravone when com-
pared with the placebo.

There are limitations to these studies which should be fac-
tored in when analyzing results. Due to the low number of ALS 
patients, acquiring a study population of significant numbers of 
enrollees can often be difficult. This, for obvious reasons, leads 
to results that are not representative of the entire ALS com-
munity. Also, with the varying presentations of ALS (bulbar, 
limb, familial and sporadic), it is hard to observe, and analyze, 
changes for the disease as a whole. ALS patients also have a 
very short life expectancy from the onset of the first symptom, 
which makes conducting a long-term study challenging.

Currently there are only two FDA approved drugs for the 
treatment of ALS, riluzole and edaravone. Riluzole is the most 
widely used drug, partially because it was the first drug ap-
proved, but also because edaravone is still a relatively new 
drug with a limited track record of success. However, riluzole 
is not highly efficient in extending a patient’s life long-term as 
it only extends life by an average of 3 months. Therefore, it 
is highly imperative to find an alternative treatment for ALS, 
one which inhibits the decline in functionality and extends the 
patient’s lifespan by more than 3 months. Edaravone has the 
potential to be that drug. Clinical trials have proven the success 
of edaravone in slowing the progression of ALS, displaying its 
abilities to limit the progression of ALS and improve everyday 
function for patients.

These clinical trials have also shown edaravone to be as 
safe as a placebo, if not safer, and have shown the ability for 
edaravone to be carried out for extended periods of time. A 
pivotal efficacy endpoint used by these clinical trials is the 
change in ALSFRS-R score between the treatment group and 
the placebo group. Edaravone proved to be the superior option 
when analyzing this endpoint. This was also true for many of 
the secondary endpoints that these trials used such as pinch 
strength, and %FVC.

Importantly, it should be noted that edaravone has not 
shown success in every patient with ALS. Currently the great-
est success in treatment with edaravone comes in a subset 
population of patients with ALS, a group labeled dpEESP2y. 
This group had specific inclusion criteria that needed to be 
met which can be found above. Thus, the free radical scav-
enger edaravone should still be assessed clinically to further 
broaden its therapeutic population, with the hope being that it 
will eventually be able to help all patients with ALS, and not 
specifically those who fall into a certain group.

To obtain better results, future studies should aim towards 
acquiring larger patient populations. This would allow the 
researchers to have a larger data pool, and the studies would 
be better positioned for the loss of patients due to death, or 
meeting exclusion criteria. Future studies should also look to 

demonstrate the efficacy of edaravone in more sub-populations 
to broaden the drugs target population. To do this, perhaps dif-
ferent efficacy endpoints could be analyzed that allows new 
patients to participate in the studies. If clinical trials can obtain 
a larger patient population, one with a wide array of presenta-
tions, then there is a chance that edaravone can show efficacy 
across the ALS spectrum. In summary, edaravone is effective 
in treating ALS in several sub-populations, though it is still the 
most promising therapeutic to date.

Supplementary Material

Suppl 1. Evidence Table.
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