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Abstract 
 
Amyotrophic Lateral Sclerosis (ALS) is a fatal disease that is characterized by the death of 
motor neuron in the brain and spinal cord. This leads to muscle wasting and eventually 
death when the respiratory muscles become affected. What causes ALS remains unknown 
but mutations in the SOD1 and the C9orf72 gene is believed to contribute to the 
development of ALS. Oxidative stress and excitotoxicity has been found to play an 
important role in the pathogenesis of ALS and this explains why edaravone, an 
antioxidant, and riluzole, a glutamate release inhibitor, has been approved for treatment 
of ALS. Riluzole remained for 22 years the only approved drug, up until 2017 when 
edaravone was approved by the United States Food and Drug Administration (FDA). The 
aim of this study was to investigate if there is a difference in therapeutic effect between 
edaravone and riluzole in the treatment of ALS and in what stage of ALS these drugs are 
effective. A literature search was conducted in PubMed and pertinent original articles 
were selected for this study. Four of these articles investigated the efficacy of edaravone in 
ALS and four investigated the efficacy of riluzole in ALS. The results show that edaravone 
is effective in patients that meet strict inclusion criteria and is in an early stage of disease. 
Riluzole decreased the risk of death or tracheostomy in three of the four studies but did 
not show any effect on survival in patients with advanced stage ALS. Future studies 
should investigate the efficacy of edaravone and riluzole in anvanced stage ALS and in a 
broader population of ALS patients.  
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1. Introduction 
 
Amyotrophic lateral sclerosis (ALS) is a fatal disease that each year affects 1-2 persons per 
100 000 and it is estimated that approximately 5 persons per 100 000 is diagnosed with 
the disease (1). In Sweden there are 220-250 new cases of ALS each year and 750-850 
persons are diagnosed with ALS. Around 10 % of the patients has familial ALS (FALS). 
This means that more than one person in three generations of a patient’s family has had 
ALS. The other form of ALS is sporadic ALS (SALS) (2). At least 10 % of the patients live 
longer than 10 years after diagnosis but most patients live 2-5 years after experiencing 
their first symptoms of ALS (3).  
 
 
1.1 Symptoms  
 
The degeneration of motor neuron in the brain and spinal cord causes weakness in 
skeletal muscles which leads to a variety of symptoms. The symptoms differ depending on 
where the degeneration of motor neurons occur and whether it is upper or lower motor 
neuron that is affected. These symptoms can develop over months or years. The first sign 
of ALS is often weakness in tongue, hands, arms or legs and most often early symptoms 
do not affect both sides of the body. Around 80 % of the patients have difficulty 
swallowing which can have a bad effect on the metabolism. To get energy, the body starts 
to break down muscles, this can contribute to the weight loss in ALS-patients. Affective 
symptoms, such as sudden change in mood, affects 25-40 % of the patients. Sight, 
hearing, taste and feeling in the skin is usually not affected by ALS. Eventually, in all 
forms of ALS, respiratory muscles will be affected causing symptoms as fatigue, lethargy, 
insomnia and dyspnea. The cause of death is often accumulation of carbon dioxide in the 
body, which normally is exhaled when the breathing works normally. Most of the ALS 
patients die in their sleep (2).  
 
 
1.2 Pathogenesis 
 
ALS is a common name for a group of diseases characterized by the death of motor 
neurons in the brain, brainstem and spinal cord. There are two types of motor neuron. 
One is the upper motor neuron that is located in the cortex of the cerebrum and the other 
one is the lower motor neuron that is located in the brainstem and in the spinal cord. 
Nerve impulses are sent from the upper neuron to the lower neuron and from there to 
skeletal muscles in the body. In ALS these motor neurons die which leads to muscle 
wasting (2).  
 
The cause of ALS remains unknown. Over 50 mutant genes have been identified in the 
search for the cause of ALS. The first mutations that was believed to cause ALS was 
identified in 1993 in the gene SOD1 (1) which encodes the protein SOD1, superoxide 
dismutase 1, whose function is to neutralize free radicals. Mutations leads to misfolded 
SOD1 which forms aggregates in nerve cells that spreads to other cells in the nervous 
system(2). This alone is not enough to drive disease, which has been shown in 
experiments with mice where these aggregates have been removed. Removal did not 
affect the progression of ALS.  
Misfolded mutant SOD1 also:  
 stimulates microglia to produce extracellular superoxide (1). Superoxide is not highly 

reactive itself but it forms peroxynitrite, a potent oxidant, when it reacts with the 
nitric oxide radical (NO) (4).  

 affects oligodentrocytes whose function is to provide motor neurons with energy, in 
the form of lactate, and to myelinate the axons of motor neurons. 
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 reduces the glutamate uptake in astrocytes which leads to excessive firing in motor 
neurons, so-called glutamate excitotoxicity, (1) that causes neuronal injury and death 
(4). 

 
Another gene, with mutations causing ALS, was identified in 2011 in the chromosome 
9p21. The finding showed that the sequence GGGGCC in the gene C9orf72 was repeated 
up to thousands of times in individuals with ALS compared to 2-23 times in healthy 
individuals (1). This mutation is the most common cause of ALS and there are three 
suggested mechanisms on how this contributes to the development of ALS (5).  

 Loss of function due to a reduction in the levels of C9orf72 protein, which causes 
abnormal microglial responses (1). This alone is not enough to cause ALS which 
has been seen in mouse models. 

 Gain of function due to accumulation of toxic RNA foci, aggregates of mutant 
RNA, in the brain and spinal cord (6).  

 Gain of function due to production of dipeptide repeat (DPR) proteins by repeat-
associated non-ATG (RAN) translation. DPR proteins form inclusions in the nuclear and 
cytoplasm of neurons in the brain and spinal cord and has shown to be toxic in animal 
models and cell cultures of disease (1). 
Gain of toxic function through DPR proteins and RNA foci has shown to cause ALS-like 
symptoms and motor defects, when this has been studied in different model systems (6). 
 
 
Oxidative stress has been found to play an important role in the pathogenesis of ALS. 
Tissue samples, post mortem, has shown elevated levels of markers for oxidative stress in 
patients with ALS compared to control samples. Mutant SOD1 gene has been found in 
approximately 20 % of the patients with familial ALS. Since SOD1 is an antioxidant, 
oxidative stress is believed to be a central mechanism in the pathogenesis of familial ALS 
(4). 
 
 
1.3 Diagnosis 
 
There is no specific test that confirms the diagnosis ALS (2). Diagnosis should be made by 
a neurologist, the earlier it is made the faster the patient receives treatment. The 
investigation consists of: 
 

 Electromyography (EMG) were a thin needle electrode is inserted in one proximal 
and one distal muscle in each arm and leg, preferably also in one bulbar muscle 
for example in the tongue (7). This measures these muscles ability to contract 
when a nerve impulse is sent to them.  

 Nerve conduction studies (NCS). Tests whether the signals sent by motor nerves 
are strong enough to enable muscle movement.  

 Genetic tests. May be recommended if familial ALS is suspected.  
 Muscle biopsy. Can be done to rule out certain muscle diseases.  
 Magnetic Resonance Imaging (MRI). Allows to take images of brain and spinal 

cord to rule out other conditions such as brain tumors and disorders of the spinal 
cord. 

 Blood and urine test and lumbar puncture (3).
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 1.4 ALS scales 
 
The Revised ALS Functional rating scale (ALSFRS-R) is an instrument to measure 
physical ability in patients with ALS. The scale consists of 12 questions answered on a 
scale from 0 to 4 points where 4 points is normal function and 0 points is total loss of 
function or severe impairment. The ALSFRS-R scale measures: 1. speech, 2. salivation, 3. 
swallowing, 4. handwriting, 5. cutting food and handling utensils, 6. dressing and 
hygiene, 7. turning in bed and adjusting bed clothes, 8. walking, 9. climbing stairs, 10. 
dyspnea, 11. orthopnea, 12. respiratory insufficiency (8). 
 
Modified Norris Scale is a rating scale for ALS. It consists of two parts, one scale for limb 
function and one scale for bulbar function. Maximum score is 63 and 39 for limb function 
and bulbar function respectively (9). 
 
The amyotrophic lateral sclerosis assessment questionnaire (ALSAQ-40) is a 40-item 
questionnaire that is used to assess quality of life and health status in patients with ALS 
or other motor neuron disease (10). The questionnaire contains 5 scales: Activities of 
daily living and independence (10 items), Physical mobility (10 items), Eating and 
drinking (3 items); Communication (7 items) and Emotional reaction (10 items). The 
questions are formulated as statements (e.g. “I have found it difficult to feed myself”) and 
is answered with how often the patient has experienced the alleged event in the last two 
weeks: “never”, “rarely”, “sometimes”, “often” or “always or cannot do at all” (11). Each 
scale is then transformed into points, where 0 points means perfect health (as assessed 
with ALSAQ-40) and 100 points means worse health (as assessed with ALSAQ-40) (10).  
 
1.5 Treatment 
 
ALS cannot be cured. Therapy consists of symptomatic drug treatment, medications to 
slow the progression of ALS, exercise advice, adjustments in the home and ALS-team 
(neurologist, physiotherapist, nurse, counselor and occupational therapist) (12). 
There are currently two drugs approved by the U.S Food And Drug Administration (FDA) 
for ALS, these are riluzole and edaravone (RadicavaTM); hereafter referred to as edaravone 
(3). Riluzole was for 22 years the only approved drug for ALS. It was approved in 1995 by 
the FDA (13) and in 2017 the FDA also approved edaravone for ALS (14).  
 
1.6 Riluzole 
 
Riluzole has been used for treatment of ALS since the approval in 1995. Despite that, the 
exact mechanism of action of riluzole in ALS is still unclear. Riluzole has shown to 
decrease presynaptic glutamate release by inhibiting presynaptic voltage-gated Na+ 
channels. Inhibition of presynaptic voltage-gated Ca2+ channels may also contribute to 
the decreased glutamate release (13). Increased levels of glutamate cause excessive firing 
of neurons so called excitotoxicity (1) which leads to neuronal injury and death. Motor 
neurons seems to be particularly sensitive to excitotoxicity (4). 
 
1.7 Edaravone 
 
Edaravone is an antioxidant. By donating one electron to a free radical edaravone 
prevents oxidation of lipids which causes damage to cell membranes since they consist of 
phospholipids. Peroxyl radicals play the main role in the chain reaction that occurs when 
lipids are oxidized, which makes them the primary target for antioxidant drugs. 
Edaravone exists both as an anion and a neutral molecule in the body, this means that it 
is distributed to both aqueous and hydrophobic parts (plasma and tissues). This quality 
gives edaravone advantages compared to other antioxidants since it ables edaravone to 
react with many different radical species, including peroxynitrite, and its highly reactive 
anionic form. Since oxidative stress induced by free radicals is believed to play an 
important role in the pathogenesis of ALS, edaravone was approved in 2017 for treatment 
of ALS (14). 
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2. Objective 
 
The objective of this study is to compare riluzole and edaravone, the only two drugs 
approved for treatment of Amyotrophic Lateral Sclerosis (ALS), regarding their indication 
and efficacy by answering the following questions: 
 

 
 Is there a difference in therapeutic effect between edaravone and riluzole in the 

treatment of ALS? 
 

 In what stage of ALS does edaravone and riluzole show effect? 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

  

 

 

 

3. Method  
 
A literature search was conducted in PubMed for articles that evaluated the efficacy of 
edaravone and riluzole in ALS, using the filters clinical trial, english and swedish. The 
MeSH-terms for ALS and Radicava resulted in 4 articles of which 3 were selected. The 
MeSH-terms for ALS and riluzole resulted in 50 articles, this search was refined by 
adding “efficacy” which narrowed the result down to 16 articles. Three articles that, 
judging by the abstract, evaluated the effect of riluzole in ALS were selected. For the 
introduction, a search was conducted for reviews about the mechanism of action for the 
two substances. By using the MeSH-term for riluzole with the subheading pharmacology, 
38 reviews were found. The search was refined by adding “als” and this resulted in 23 
reviews. The review with the terms “mechanism of action”, “riluzole” and “amyotrophic 
lateral sclerosis” in the title was selected. The terms “Edaravone” and “als” resulted in 9 
reviews of which one was selected after having read the abstracts. A search was also made 
for reviews about the pathology of ALS. With the Mesh-term for ALS and the subheading 
pathology, 626 reviews were found. The search was refined by adding the filter “5 years” 
and adding the term “mechanism”, this resulted in 25 reviews. One review, titled 
“Decoding ALS: from genes to mechanism”, was selected.  
 
 

Table 1.  Literature search conducted in PubMed.  

Date Search terms  Filters  Number 
of hits 

Selected 
articles 

Reference 
number 

180121 "Amyotrophic Lateral 
Sclerosis"[Mesh] AND 
"phenylmethylpyrazolone" 
[Supplementary Concept] 

Clinical 
trial, 

Humans 
 

12 [9] [11] 
[12] 

15,16,17 

180420 "Amyotrophic Lateral 
Sclerosis"[Mesh] AND 
"phenylmethylpyrazolone" 
[Supplementary Concept] 

Clinical 
trial, 

Humans 
 

12 [6] 18 

180121 “Amyotrophic Lateral 
Sclerosis” [Mesh] AND 
“Riluzole”[Mesh] 

Clinical 
trial, 

Humans 

52  [48][50] 
[52] 

 

20,9,19 

180420 “Amyotrophic Lateral 
Sclerosis” [Mesh] AND 
“Riluzole”[Mesh] 

Clinical 
trial, 

Humans 

52 [31] 21 

180131 "Riluzole/pharmacology" 
 [Mesh] , als 

Review 
 

     23  [8]    13 

180131 edaravone, als Review 
 

3 [1]   14 
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180202 "Amyotrophic Lateral 
Sclerosis/pathology"[Mesh], 
mechanism  

Review,    
5 years 

25 [4] 1 

 
 

 
4. Results 
      
 
4.1 Safety and efficacy of edaravone in well defined patients with 
amyotrophic lateral sclerosis: a randomised, double-blind, placebo-
controlled trial (15). 
     
This was a randomised, parallel-group, double-blind and placebo-controlled phase 3 
study with patients from 31 hospitals in Japan. To be recruited the patients had to be 20-
75 years old with grade 1 or 2 of ALS according to the Japan ALS Severity Classification. 
They also had to have at least 2 points on each of the 12 questions in the ALSFRS-R scale, 
a forced vital capacity of at least 80 %, disease duration of maximum 2 years and, 
according to the El Escorial criteria, have “probable” or “definite” ALS. Exclusion criteria 
were: less than 3 points on ALSFRS-R items for orthopnea, dyspnoea or respiratory 
insufficiency, creatinine clearance < 50ml /min, spinal surgery after onset of ALS. These 
patients were first observed for 12 weeks and those who, during that time, had a 1-4 
points decrease in ALSFRS-R score were selected to participate in the study. Patients that 
were treated with riluzole before the trial were allowed to continue treatment if the 
regimen remained the same but they were not allowed to initiate treatment during the 
trial. 213 patients were screened between Nov 2011 and Sept 2014, 137 of these completed 
the 12-week observation period and were randomly divided into two groups. 
Characteristics at baseline for these patients are shown in table 2. 
 
Table 2.  Characteristics at baseline for patients in the edaravone group and the placebo 
group respectively (15). 

 
Edaravone group Placebo group 

ALS grade 1 (%) 32 24 

ALS grade 2 (%) 68 76 

Duration of disease, years 1,13 1,06 

Using riluzole (%) 91 91 

 

69 patients received 60 mg intravenous edaravone and 68 patients received intravenous 
saline placebo. The treatment went on for 24 weeks with alternately 2 weeks of receiving 
edaravone or placebo and 2 weeks without any treatment (4 weeks = 1 cycle).  During the 
first two weeks of cycle 1 edaravone or placebo were administered once a day. In cycle 2-6 
edaravone or placebo was administered 10 out of 14 days. To be assessed for primary 
outcome, which was change in ALSFRS-R score from baseline to 24 weeks, the patient 
had to have received at least one treatment infusion, have at least one assessment post-
baseline and had to have finished at least 12 out of 24 weeks. 68 out of 69 patients 
receiving edaravone and 66 out of 68 patients receiving placebo were assessed for 
primary outcome. The assessments were done before the 12-week observation period, 
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before cycle one (baseline) and thereafter at the end of each cycle, before beginning the 
next. Secondary outcome was change in forced vital capacity (FVC %) , ALSAQ-40 score, 
ALS severity classification, Modified Norris Scale scores, grip and pinch strength and 
time to death or a specified state of disease progression.  
 
The results showed that the mean ALSFRS-score had decreased by 5,01 in the edaravone 
group and by 7,50 in placebo group, this gives a mean difference in mean ALSFRS-score 
of 2,49 in favour of edaravone. The mean difference in mean Modified Norris Scale score 
was 4,89 in favour of edaravone and the mean difference in mean ALSAQ-40 score was 
8,79 in favour of edaravone. These differences in scores were statistically significant 
(p<0,05) (table 3).  
 
Table 3. The results for primary and secondary outcomes in the edaravone group and the 
placebo group respectively after 24 weeks of treatment and a comparison between the 
results for each group (95% CI) (15). 

 Outcome Least-squares mean change Least squares mean 
difference 

p-
value 

 
Edaravone 

group 
Placebo 
group 

  

ALSFRS-R score -5,01 -7,50 2,49 0,0013 

Modified Norris Scale 
score (Total) 

-15,91 -20,80 4,89 0,0393 

ALSAQ-40 score  17,25 26,04 -8,79 0,0309 

 
There was no significant difference in Modified Norris scale score (limb or bulbar), grip or 
pinch strength, FVC (%) or ALS severity classification at the end of cycle 6 between the 
edaravone and the placebo-group.  
 
 
 
4.2 Confirmatory double-blind, parallel-group, placebo-controlled study of 
efficacy and safety of edaravone (MCI-186) in amyotrophic lateral sclerosis 
patients (16) 
 
This was a parallel-group, double-blind and placebo-controlled study of safety and 
efficacy of edaravone in ALS that were conducted between May 2006 and Sept 2008. 29 
sites in Japan participated. To be recruited the patients had to be 20-75 years old with 
grade 1 or 2 of ALS according to the Japanese ALS Severity Classification. Patients also 
had to have a forced vital capacity (FVC) of at least 70 %, disease duration of maximum 3 
years and, according to the revised Airlie House diagnostic criteria, have 
“probable”, “definite” or “probable laboratory-supported” ALS. They also had to have a 1-
4 points decrease in ALSFRS-R score during the 12-week pre-observation. Patients were 
excluded from the study if they had: Parkinson´s disease, dementia, schizophrenia, liver, 
renal and cardiac diseases, dyspnea, reduced respiratory function, infection that needs 
treatment with antibiotics, creatinine CL < 50ml /min (within 28 days before treatment) 
or if they were being treated for cancer. The patients were allowed to continue treatment 
with riluzole in the same regimen as before the trial.   
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206 patients, out of the 246 that were selected for the 12-week pre-observation, met the 
inclusion and exclusion criteria and were randomised into two groups. 102 patients 
received edaravone and 104 patients received placebo for 24 weeks. One patient was 
diagnosed with a different disease than ALS after cycle 6 and were not included in the Full 
analysis set (FAS). Characteristics at baseline for the 205 patients included in the FAS is 
shown in table 4.  
 
 
 
 
 
 
 
 
 
 
Table 4. Characteristics at baseline for patients in the edaravone group and the placebo 
group respectively (16). 

 
Edaravone group Placebo group 

ALS grade 1 (%) 35,6 38,5 

ALS grade 2 (%) 64,4 61,5 

Duration of disease, years 
(mean) 

1,30 1,20 

Using riluzole (%) 89,1 88,5 

 

60 mg edaravone or placebo were administered intravenously once a day during the first 
14 days of cycle one, followed by a 2-week observation period (4 weeks = 1 cycle). During 
cycle 2-6 the treatment went on for 10 of the first 14 days followed by a 2 week 
observation. Primary outcome for evaluation of efficacy was change in ALSFRS-R score. 
Secondary outcomes were: ALSAQ-40 score, change in FVC (%), Modified Norris Scale 
scores, time to death or a specified state of disease progression and grip and pinch 
strength. These outcomes were assessed before the pre-observation, before cycle 1 and at 
the end of each cycle (before the first dose in next cycle).  
 
The results showed that the mean ALSFRS-score had decreased by 5,70 in the edaravone 
group and by 6,35 in placebo group, this gives a mean difference in mean ALSFRS-score 
of 0,65 in favour of edaravone. The mean difference in mean Modified Norris Scale score 
was 2,03 in favour of edaravone and the mean difference in mean ALSAQ-40 score was 
0,48 in favour of placebo. These differences in scores were not statistically significant 
(p>0,05) (table 5). The change in ALSFRS-R score during treatment was greatest among 
the patients with “definite” ALS (p=0,330) and lowest among the patients with “probable-
laboratory-supported” ALS (p=0,702). No significant difference was found in FVC (%) or 
grip strength. Repeated-measures analysis showed a significant difference in pinch 
strength between the edaravone and placebo group (p=0,038). Death or a specified state 
of disease progression was documented in 32 patients in the edaravone group and in 27 
patients in the placebo group.  
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Table 5. The results for primary and secondary outcomes in the edaravone group and the 
placebo group respectively after 24 weeks of treatment and a comparison between the 
results for each group (95% CI) (16). 
 

Outcome Least-squares mean change Least squares mean 
difference 

p-
value 

 
 Edaravone 

group 
Placebo 
group 

  

ALSFRS-R score -5,70 -6,35 0,65 0,411 

Modified Norris Scale 
scores (Total) 

-14,12 -16,15 2,03 0,284 

ALSAQ-40 score  19,60 19,13 0,48 0,892 

 

 

 
4.3 Investigation of the therapeutic effects of edaravone, a free radical 
scavenger, on amyotrophic lateral sclerosis (Phase II study) (17). 
 
This was an open-label, phase II study which was carried out between Nov 2001 and Nov 
2002. The patients had to be over 20 years old and were excluded if they had dyspnea, 
tracheotomy, artificial respiration, cancer, cardiac insufficiency or stable ALSFRS-R 
score. 20 patients with familial or sporadic ALS were enrolled, one patient was found to 
have a disease that met the exclusion criteria and did not continue treatment. Duration of 
disease and riluzole use at baseline for the 19 patients that participated is shown in table 
6. Patients who were treated with riluzole before the trial continued the treatment at the 
same dose and in the same regimen as they did before. Because of the small number of 
patients no control group were used in this first longer trial of edaravone in ALS.  
 
Table 6. The percentage of patients in the 30 mg and the 60 mg edaravone group 
respectively that were using riluzole at baseline and the disease duration in years at 
baseline for each group (17). 

 
30 mg edaravone group 60 mg edaravone group 

Duration of disease, years 
(mean) 

2,06 2,88 

Using riluzole (%) 80 64,3 

 

During the first 2 weeks of treatment 5 patients received 30 mg and 14 patients received 
60 mg of edaravone intravenously, they were then observed for two weeks (4 weeks = 1 
cycle). During cycle 2-6 edaravone was administered 5 days/week the first 2 weeks 
followed by 2 weeks of observation.  
 
The primary outcome was change in ALSFRS-R score during the 24 weeks receiving 
edaravone. This change in score was compared with how much the score had declined 
during the 24 weeks before the first cycle. 4 of the 5 patients that received 30 mg and 12 
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of the 14 patients that received 60 mg of edaravone were assessed for primary outcome. 
For the patients receiving 30 mg of edaravone the decline in score was 2,3 less during the 
24 weeks of treatment compared to the 24 weeks before treatment. For patients receiving 
60 mg the decline in score was 2,4 less which shows a significant difference (p<0,05) in 
rate of decline in ALSFRS-R score before and after treatment with 60 mg of edaravone 
(table 7).  
 
Table 7. Change in ALSFRS-R score before treatment and during treatment with 30 mg 
and 60 mg edaravone and a comparison between these changes in scores (17). 
 

Edaravone 
dose  

Number of 
patients 

Change in ALSFRS-R score Difference in 
change in score 

p-
value 

  
During 24 

weeks before 
treatment 

During 24 
weeks of 

treatment 

  

30 mg 4 -7,3 -5,0 2,3 0,500 

60 mg 12 -4,7 -2,3 2,4 0,039 

 

4.4 Exploratory double-blind, parallel-group, placebo- controlled study of 
edaravone (MCI-186) in amyotrophic lateral sclerosis (Japan ALS severity 
classification: Grade 3, requiring assistance for eating, excretion or 
ambulation) (18). 

This was a 24-week, double-blind, parallel-group, placebo-controlled and randomized 
study that explored the efficacy and safety of edaravone in 25 patients with Grade 3 
(assistance for eating, excreation or ambulation) of ALS, according to the Japan ALS 
severity classification. The study was carried out between December 2006 and July 2008 
and five study sites in Japan participated. Inclusion criteria were: definite, probable or 
probable-laboratory supported ALS (according to El Escorial/revised Airlie House), a 
FVC of at least 60 %, duration of disease less than 3 years and a 1-4 points decrease in 
ALSFRS-R score during the 12-week pre-observation. 13 patients received 60 mg of 
edaravone and 12 patients received placebo for 6 cycles (4 weeks/cycle) as an intravenous 
infusion once daily for 14 days in cycle one and for 10 days in cycle 2-6 , followed by a 2-
week observation period. The patients were allowed to continue treatment with riluzole if 
the regimen remained unchanged. Efficacy endpoints were changes in ALSFRS-R score, 
FVC (%), Modified Norris Scale score, grip and pinch strength, ALSAQ-40 from baseline 
to the end of cycle 6, and time to death or a specified state of disease progression during 
the 6 cycles. All 25 patients were included in the full analysis set, FAS, that was used to 
evaluate the efficacy.  

The result showed no significant difference, in any of the endpoints, between the 
edaravone group and the placebo group (table 8). Neither were there any significant 
difference between the groups regarding cases of death or specified state of disease during 
the 6 months of treatment. 

Table 8. Change in endpoints in the edaravone group and the placebo group respectively 
after 24 weeks of treatment and the difference in mean change between the two groups 
(18).  
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    Endpoint Adjusted mean change Intergroup difference 
in mean change 

p-value 
(CI 95%) 

 Edaravone 
group 

Placebo 
group 

  

ALSFRS-R  -6,52 -6,00 -0,52 0,835 

FVC % -18,75 -15,69 -3,06 0,631 

Grip strength -3,06 -3,72 0,66 0,712 

Pinch strength -0,50 -0,27 -0,23 0,493 

ALSAQ-40 20,91 26,33 -5,42 0,477 

Modified Norris Scale -18,18 -17,76 -0,42 0,937 

 
 
4.5 A controlled trial of riluzole in amyotrophic lateral sclerosis. 
ALS/Riluzole Study Group (19). 
 
This was a randomised, double-blind, prospective, stratified, placebo-controlled trial that 
evaluated the efficacy and safety of riluzole in patients with ALS. Primary outcome was 
survival rate and change in functional status after 12 months of treatment. Change in 
muscle strength was the main secondary outcome. To participate the patients had to be 
20-75 years old and have “definite” or “probable” ALS. Exclusion criteria was pregnancy, 
tracheostomy, signs of dementia, FVC < 60%, life-threatening diseases, impaired renal or 
hepatic function and if more than five years had passed since the first symptoms of ALS. 
The mean duration of disease was 2,2 years in the riluzole group and 2,3 years in the 
placebo group and the mean duration was higher among the patients with limb-onset 
disease than the patients with bulbar-onset disease.  
 
155 outpatients, 123 with limb-onset and 32 with bulbar-onset disease, took part in the 
study that were conducted between June 1990 and March 1992. 24 of these patients did 
not meet all inclusion criteria but was kept in the trial. The randomization was stratified 
according to the center where the patient was treated and the location for the onset of 
disease (bulbar or limb). They were treated with either 100 mg of riluzole (n=77) or 100 g 
placebo (n=78) per day in 50 mg identical tablets. The patients were examined at the 
beginning of the trial and thereafter every 2 months. 
 
Rate of survival was determined based on death and cases of tracheostomy (which occur 
in the last stage of disease). Scores for limb and bulbar function (evaluated with Modified 
Norris Scale), clinical examination and symptoms reported by the patients were used to 
assess the functional status. Muscle function was assessed in 22 muscles, FVC (%) was 
measured after 6 and 12 months of treatment and the patient’s subjective experiences of 
symptoms was expressed on a visual-analogue scale. Information about adverse effects 
was obtained from the patients, through clinical examination and from laboratory tests.  
 
The results showed a significant difference (p<0,05) in survival between the riluzole and 
the placebo group, after both 12 and 21 months. After 12 months of treatment, 74 % of the 
patients in the riluzole group were still alive compared to 48 % in the placebo group. At 
the end of the placebo controlled period (after 21 months) this number was 49 % in the 
riluzole group and 37 % in the placebo group (table 9) The median time of survival was 
532 days in the riluzole group and 449 days in the placebo group. 
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Table 9. The rate of survival in the riluzole and placebo group after 12 and 21 months, 
regardless of disease onset (19). 

Months since 
randomization 

Riluzole group (n=77) Placebo group (n=78) p-value 

12  74 %    48 %  0,014 

21      49 % 37 %  0,046 

 

Among the patients with bulbar-onset disease there was a significant difference in 
survival (p <0,05) between the riluzole and the placebo group (table 10) while there was 
no significant difference (p>0,05) among the patients with limb-onset disease (table 11). 
 

Table 10.  Rate of survival in the riluzole and placebo group after 12 and 21 months, 
patients with bulbar-onset disease (19). 

Months since 
randomization 

Riluzole (n=15) Placebo (n=17) p-value 

12 73 %  35 % 0,014 

21  53 % 18 % 0,013 

 
 
Table 11. Rate of survival in the riluzole and placebo group after 12 and 21 months, 
patients with limb-onset disease (19). 

Months since 
randomization 

Riluzole (n=62) Placebo (n=61) p-value 

12 74 % 64 % 0,17 

21  48 % 43 % 0,355 

 
75 patients in each group, riluzole and placebo, were evaluated for limb and bulbar 
functional score and muscle-testing score after 12 months of treatment. The annual 
decrease in score for function and strength was slower in the riluzole group than in the 
placebo group. However, it was only the slower decrease in muscle-testing score that was 
significant (p=0,028).  
 
 
4.6 Dose-ranging study of riluzole in amyotrophic lateral sclerosis. 
Amyotrophic Lateral Sclerosis/Riluzole Study Group II (9). 
 
This was a placebo-controlled, double-blind, multicentre study with the objective to 
investigate the efficacy of riluzole, at different doses, in ALS patients and to confirm the 
previous findings which showed that riluzole had effect on the progression of ALS.  
959 patients with “clinically probable” or “definite” ALS participated in the study. 
Inclusion criteria: age 18-75 years, less than 5 years since first symptoms of ALS, FVC > 
60 % and ALAT and ASAT levels no more than twice the upper reference value. Exclusion 
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criteria: life-threatening diseases, tracheostomy, renal dysfunction and pregnancy. The 
mean duration of disease was 1,8 years and the mean duration was higher among patients 
with limb-onset disease than patients with bulbar-onset disease. 
 
 
Randomisation was stratified according to disease onset (limb or bulbar) and the center 
were the patient was treated. The patients were given riluzole (50, 100 or 200 mg) or 
placebo as identical tablets 2 times a day during the 18-month double-blind period, they 
could after that choose to participate in an open-label study with 100 mg riluzole. The 
primary outcome was survival without tracheostomy during the double-blind period. 
Secondary outcomes were respiratory function (FEV%), muscle strength (assessed in 22 
muscles), functional status, the patient’s experiences of symptoms and scores on the 
clinician global impression scale. Secondary outcomes were measured at entry and after 
that every two months except for FEV% which was measured every 6 months. Laboratory 
tests were done at entry and then every 6 months, hepatic function was monitored during 
the whole time of treatment.  
 
 
The results showed that the risk of death or tracheostomy at 12 and 18 months 
respectively was significant decreased in patients receiving riluzole compared to patients 
receiving placebo. The risk of death or tracheostomy was decreased by 24 % with 50 mg 
riluzole, by 35 % with 100 mg riluzole and by 39 % with 200 mg riluzole at 18 months 
(table 12). 
 
 
 
 
 
 
 
 
 
 
Table 12.  Relative risk (95% CI) of death or tracheostomy in patients receiving riluzole 
compared to patients receiving placebo, after adjusting for prognostic factors (9). 

Riluzole 
dose 

Relative risk (95% CI) compared to 
placebo 

Relative risk (95% CI) compared to 
placebo 

 
12 months p-value 18 months p-value 

50 mg 0,72 0,04 0,76 0,04 

100 mg 0,57 0,001 0,65 0,002 

200 mg 0,57 0,0007 0,61 0,0004 

  
Treatment with riluzole showed no effect on muscle function, limb or bulbar function, 
FEV% or any of the other secondary outcomes.  
 
4.7 A confirmatory dose-ranging study of riluzole in ALS. ALS/Riluzole Study 
Group-II (20). 
 
This was a multicenter, double-blind, placebo-controlled, dose-ranging, international, 
stratified study that investigated the therapeutic effect of riluzole. 959 outpatients, aged 
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18 to 75 with “probable” or “definite” ALS (according to El Escorial criteria), were treated 
for up to 18 months. Some of the exclusion criteria were: vital capacity <60%, pregnancy, 
more than 5 years since first symptom, tracheostomy, elevated hepatic enzyme levels and 
life-threatening diseases. The mean duration of disease was 1,4 years for patients with 
bulbar-onset disease and 2,0 years for patients with limb-onset disease. 
The patients were not allowed to take certain medications which could affect the study 
outcome (these medications were listed) for at least 4 weeks before treatment and during 
treatment.  
 
The randomization was stratified according to the center were the patient was treated (31 
centers from 7 countries participated) and the site of disease onset, bulbar or limb. The 
patients were treated with either placebo (n=242), 50 mg riluzole (n=237), 100 mg 
riluzole (n=236) or 200 mg riluzole (n=244) per day as identical tablets. The primary 
efficacy outcome (calculated every 3 month) was survival without artificial ventilation or 
tracheostomy and the secondary efficacy outcome was change in functional status. This 
was measured with functional scales for ALS: muscle testing, Modified Norris limb and 
bulbar scale and visual analog scale (to evaluate the patient’s subjective experiences of 
symptoms). Vital capacity was measured at entry and thereafter every 6 months during 
treatment to assess respiratory function. Clinical evaluations were made at entry and then 
every two months during treatment. Safety assessment was made through clinical 
examination and laboratory testing. Patients were withdrawn from treatment if the ALAT 
(alanine aminotransferase) level was higher than five times the upper reference value or if 
serious adverse events occurred. 
 
The results showed that for the 100 mg riluzole dose there was an increased survival 
compared to placebo at 3, 6 ,9, 12 and 18 months. The difference in survival was 
significant (p<0,05) at 9, 12 and 18 months with the greatest difference between 9 and 12 
months (a 17,5 % difference in favour of riluzole). Treatment with 100 mg riluzole per day 
decreased risk of death or tracheostomy with 35 % (p=0,002) over an 18-month period, 
after adjustment for significant prognostic factors. This dose of riluzole showed the best 
benefit-to-risk ratio. 
 
A comparison between all four treatment groups showed a significant increase in rate of 
survival in the riluzole-treated patients (all doses) at 12 months (p=0,005) and 18 months 
(p=0,04) after adjusting for significant prognostic factors (table 13).  
 
 
Table 13. Rate of survival at 12 and 18 months of treatment for patients receiving 50, 100 
or 200 mg riluzole or placebo (20). 

Treatment group Placebo 50 mg 
riluzole 

100 mg 
riluzole 

200 mg 
riluzole 

p-
value 

Rate of survival at 12 
months (%) 

62,8 70,5 73,7 72,5 0,005 

Rate of survival at 18 
months (%) 

50,4 55,3 56,8 57,8 0,04 

 
When all riluzole doses were pooled there was a significant increase in rate of survival at 
12 months (p=0,009) and 18 months (p=0,038) compared to placebo. There was no 
significant difference in treatment effect, regarding survival, between the patients with 
limb-onset and the patients with bulbar-onset disease. Neither were there any significant 
difference in score on the muscle testing scale and Modified Norris scale (limb and 
bulbar) between the riluzole and placebo group.  
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4.8 A study of riluzole in the treatment of advanced stage or elderly patients 
with amyotrophic lateral sclerosis (21). 

This was a double-blind, placebo-controlled study that was carried out at eight centres in 
France and one in Belgium. Inclusion started in December 1992 and ended in November 
1993, the double-blind period ended in January 1995. 168 patients were enrolled into the 
study and were randomly assigned to either 50 mg riluzole or placebo, both administered 
as one tablet two times a day, for 18 months. The patients had to have probable or definite 
ALS according to the El Escorial criteria and meet at least one of the following criteria: 
more than 5 years since first symptoms, age over 75 years, FVC less than 60 %. Exclusion 
criteria were: undergone tracheostomi or planned tracheostomy within two months after 
study inclusion, signs of dementia, serious diseases, pregnancy and breast-feeding. 
Patients were not allowed to take certain drugs at least one month before and during the 
study. The primary efficacy outcome was survival, defined as the time to death, 
tracheostomy or artificial ventilation. Secondary outcomes were: manual muscle testing 
scale total score, ventilatory function, Modified Norris bulbar and limb scales, Clinical 
Global Impression scale (CGI) and the Visual Analogue scale (self-assessed) that assessed 
cramps, tiredness, stiffness and fasciculations. 

A comparison between the two treatment groups showed that the percentage of female 
was higher in the riluzole group. The patients in the riluzole group were significantly 
younger than those in the placebo group (p=0,02). The proportion of patients with 
bulbar-onset disease was higher in the riluzole group, the score on the muscle testing 
scale was significantly lower (p=0,03) and the score on the Norris bulbar and limb scale 
showed a trend towards a lower score in the riluzole group. 

22 patients in the riluzole group and 13 patients in the placebo group discontinued 
treatment before the end of the study, the main reason for withdrawal was adverse events 
(excluding death). 124 patients (in both groups together) did not complete the 18-month 
period because they died or underwent tracheostomy. 19 patients in the riluzole group 
and 20 patients in the placebo group completed the whole study period.  

After 18 months, 25,6 % of the patients in the placebo group and 26,8 % of the patients in 
the riluzole group were still alive. This was not a significant difference when calculating 
with both the stratified Logrank test (p=0,77) and the stratified Wilcoxon test (p=0,93). 
Neither were there any significant difference in the rate of deterioration of the muscle 
testing total score while the deterioration of the Norris bulbar scale score was 
significantly slower in the riluzole group (p=0,05).  

Table 14. A summary of the results from the 8 original articles that were used for this 
study.  

                                         
Article 

                                
Studied 

groups (n*) 

   
Country/countries 

                                     
Results 

Safety and efficacy of 

edaravone in well defined 

patients with amyotrophic 

lateral sclerosis: a 

randomised, double-blind, 

placebo-controlled trial 

 

Edaravone 60 mg                       

vs                   

placebo  

 

Japan 

A significant difference in 

ALSFRS-R score 

(p=0,013), Modified Norris 

Scale score (Total) 

(p=0,0393) and ALSAQ-40 
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n=134 score (p=0,0309) in favour 

of edaravone. 

Confirmatory double-

blind, parallel-group, 

placebo-controlled study 

of efficacy and safety of 

edaravone (MCI-186) in 

amyotrophic lateral 

sclerosis patients 

 

Edaravone 60 mg       

vs                  

placebo 

n= 205 

 

Japan 

No significant difference in 

ALSFRS-R score (p=0,411), 

Modified Norris Scale score 

(Total) (p=0,284) or 

ALSAQ-40 score 

(p=0,892). 

Investigation of the 

therapeutic effects of 

edaravone, a free radical 

scavenger, on amyotrophic 

lateral sclerosis (Phase II 

study) 

 

Edaravone 30 mg      

vs              

edaravone 60 mg 

n=19 

 

Japan 

A significant (p=0,039) 

slower decline in ALSFRS-

R score for edaravone 60 

mg than edaravone 30 mg.  

Exploratory double-blind, 

parallel-group, placebo- 

controlled study of 

edaravone (MCI-186) in 

amyotrophic lateral 

sclerosis 

 

Edaravone 60 mg       

vs                     

placebo 

n=25 

 

Japan 

No significant difference 

in ALSFRS-R score 

(p=0,835), Modified 

Norris Scale score 

(p=0,937) or ALSAQ-40 

score (p=0,477).  

A controlled trial of 

riluzole in amyotrophic 

lateral sclerosis. 

ALS/Riluzole Study Group 

                             
Riluzole 100 mg         

vs                    

placebo 

n=155 

 

France 

A significant difference in 

survival after 12 (p=0,014) 

and 21 month (p=0,046) in 

favour of riluzole. No 

significant difference 

among patients with limb-

onset disease. 

Dose-ranging study of 

riluzole in amyotrophic 

lateral sclerosis. 

Amyotrophic Lateral 

Sclerosis/Riluzole Study 

Group II 

                                
Riluzole 50, 100, 

200 mg                 

vs                    

placebo 

n=959 

                           
Belgium, Canada, 
France, Germany, 
Spain, UK, USA 

 

The risk of death or 

tracheostomy at 12 and 18 

month was significantly 

decreased for all riluzole 

doses compared to placebo 

(RR<1, p<0,05). 

A confirmatory dose-

ranging study of riluzole in 

ALS. ALS/Riluzole Study 

Group-II 

                              
Riluzole 50, 100, 

200 mg                       

vs                    

placebo 

n=959 

                 
Multicenter, 
international 

A significant increase in 

rate of survival for all 

riluzole doses compared to 

placebo at 12 month 

(p=0,005) and 18 month 

(p=0,04). 



 

 

 

 

 

 

  

A study of riluzole in the 

treatment of advanced 

stage or elderly patients 

with amyotrophic lateral 

sclerosis 

                               
Riluzole 50 mg    

vs                     

placebo 

n=39 

 

France and Belgium 

No significant difference 

in rate of survival 

between the riluzole and 

placebo group (Logrank 

test p=0,77, Wilcoxon 

test p=0,93). 

*n = number of patients (total) that were evaluated for primary and secondary outcomes. 

 
5. Discussion 
 
There are currently only two drugs available for the treatment of ALS, riluzole and 
edaravone. The aim of this study was to investigate if there is a difference in therapeutic 
effect between edaravone and riluzole in the treatment of ALS and in what stage of ALS 
these drugs are effective. Four original articles that examined the efficacy of edaravone in 
ALS and four articles that examined the efficacy of riluzole in ALS were selected after 
searching the database PubMed.  
 
The first longer trial that was conducted with the objective to investigate the safety and 
efficacy of edaravone in ALS (17) showed a significant effect on ALSFRS-R score after 
treatment with 60 mg edaravone. This was an open-label trial with a small number of 
patients and with no control group. It can therefore not be ruled out that the patients 
were expecting some effect from the treatment, and greater effect at the higher dose, and 
that this might have affected the result. Since it was such a small group of patients that 
participated in the study it is hard to draw any conclusions as to whether this result 
should have been the same if the number of patients would have been larger.  
 
A phase III study (15) that focused on patients with early stage ALS, showed a statistically 
significant effect on ALSFRS-R score, Modified Norris Scale (total) score and ALSAQ-40 
score in patients that received edaravone compared to the patients that received placebo. 
The edaravone group had a significant less change in these scores during the six months 
of treatment which shows that the progression of ALS symptoms was slower in this group. 
The patients in this study had to meet strict inclusion criteria so it was a very well defined 
group of ALS patients that participated in the trial.  
 
The study (18) that focused on patients with grade 3 of ALS showed no significant 
difference in ALSFRS-R score, ALSAQ-40 or Modified Norris Scale score between the 
patients receiving edaravone and those receiving placebo.  This was a smaller study with 
25 participants and where patients with “probable laboratory ALS” also were included.  
 
 
Another study (16) with the same design as the phase III study (15), but with a higher 
number of participants, showed no significant effect on ALSFRS-R score, Modified Norris 
Scale score or ALSAQ-40 score after six months of treatment with edaravone. This might 
partly be explained by the fact that patients with “probable laboratory-supported” ALS 
were included in this study but not in the phase III study. The results from this study (16) 
showed that this group of ALS patients had the lowest change in ALSFRS-R score during 
the treatment. Both studies included patients with grade 1 or 2 of ALS according to the 
Japan ALS Severity Classification. The proportion of patients with grade 1 and 2 
respectively in the edaravone group was similar in both studies (15,16) with a slightly 
higher proportion of patients with grade 2 of ALS in the phase III study than in the other 
study. Thus, the grade of ALS should not have affected the result. Patients were, in both 
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studies, allowed to continue treatment with riluzole during the trial. The proportion of 
patients that used riluzole at baseline were similar in both studies, around 90 %, but it is 
not apparent from the studies whether all patients that used riluzole before trial 
continued the treatment during trial or if they chose to interrupt the treatment. 
Therefore, it cannot be ruled out that co-administration with riluzole has affected the 
results of the studies.  
 
A primary outcome in the four studies (9, 19, 20, 21) that evaluated the efficacy of riluzole 
in ALS was survival without tracheostomy. Three of these studies (9, 19, 20) showed a 
significant effect on rate of survival in patients that received riluzole compared to the 
patients that received placebo. The three studies were all randomised, double-blind and 
placebo-controlled which increases the credibility of the studies and reduces the risk of 
bias. In two of these three studies (9,20) riluzole in different doses was compared with 
placebo. Both studies showed a significant decrease in risk of death or tracheostomy for 
all riluzole doses regardless site of disease onset (limb or bulbar). The risk was reduced by 
35 % over an 18-month period for patients treated with 100 mg riluzole, which was shown 
in both studies.  
The studies did not show any significant decrease in muscle function deterioration or any 
significant effect on limb or bulbar function. The third study (19) also showed a 
significant decrease in risk of death or tracheostomy in patients given 100 mg riluzole but 
the decreased risk was not significant among the patients with limb-onset disease. 
Riluzole showed a significant effect on muscle function but no effect on limb or bulbar 
function. 

The fourth study (21) focused on elderly patients or patients with later stage of ALS. The 
result did not show a significant increase in survival among the patients receiving riluzole 
or any significant difference in the rate of deterioration of the muscle testing total score 
between the riluzole and the placebo group. The Norris bulbar scale score was 
significantly slower in the riluzole group. 168 patients were enrolled to this study but only 
39 of them were evaluated for primary and secondary outcomes. The main reasons for not 
finishing the treatment was death, tracheostomy and adverse events. The adverse events 
might also be signs of a natural progression of ALS, since majority of the patients had 
advanced stage ALS. Riluzole is believed to prevent excitotoxicity that leads to neuronal 
injury and death. In patients with advanced stage ALS there are less motor neuron left to 
protect, which might explain why this study did not show any effect on survival among 
patients with later stage ALS that were treated with riluzole. 

Five of the eight studies showed a significant effect on the progression of ALS when 
patients were being treated with riluzole or edaravone. It is difficult to compare the 
results from the edaravone studies with the result from the riluzole studies since they 
measured different primary outcomes. The studies with edaravone focused on 
maintenance of function and quality of life in defined groups of ALS patients and the 
result from the studies varied. The results do not say anything about the possible effect on 
rate of survival in patients being treated with edaravone. Further studies on the efficacy of 
edaravone in ALS is needed to investigate whether edaravone is effective in a broader 
group of ALS patients in a later stage of disease. Since edaravone is administered as an 
intravenous infusion these studies are more demanding than the studies with riluzole, 
where the patients can take the tablets themselves. This is probably also why there are 
many more studies on the efficacy of riluzole than on edaravone. This, and the fact that 
edaravone only has been approved for ALS since 2017 compared to riluzole that has been 
on the market since 1995.   
 



 

 

 

 

 

 

  

 
Three of the four studies with riluzole showed a significant decrease in risk of death or 
tracheostomy after 12 months of treatment. The decreased risk was still significant at the 
end of the studies but the trend was that the effect on survival decreased over time. One of 
these three studies showed no significant effect on survival in patients with limb-onset 
disease, while the two other studies did. If this is just a coincidence is hard to say but it is 
something to take in consideration in future studies, that there might be a difference in 
therapeutic effect depending on the onset of disease. The fourth study, that focused on 
elderly patients or patients with later stage ALS, showed no significant decrease in risk of 
death or tracheostomy for patients receiving riluzole. This might be explained by the fact 
that the neuroprotective effect of riluzole would have less effect in a later stage of ALS 
where many of the motor neuron have already died.  
 
The patients in six of these eight studies were in an early stage of disease. In two of the 
studies with edaravone (15,16) one inclusion criteria was disease duration less than 2 and 
3 years respectively. The patients in the open-label study (17) had the highest mean 
disease duration of 2,88 years. The mean disease duration in the riluzole studies was 1,4 
years, 1,8 years and 2,2 years respectively. Most patients live 2-5 years after their first 
signs of ALS but at least 10 % live longer than 10 years. Further studies should therefore 
investigate the effect of edaravone and riluzole in patients with later stage of ALS. The two 
studies that examined the effect of riluzole and edaravone in advanced stage ALS both 
had a small number of patients. Before drawing any conclusions from these studies, more 
studies should be made on a larger group of patients with advanced stage ALS. 
 
So far, edaravone has only been approved in the United States. There are ethical 
principles to take in consideration before offering the drug to ALS patients. Autonomy 
means that the patient has the right to be informed about risks and benefits before they 
make any decision regarding the treatment. Since cognitive impairment and 
frontotemporal dementia affects many of the ALS patients it is important for the treating 
physician to make sure that the patient understands the information that is given. It is 
also important to remember that the results from the clinical studies show a modest effect 
on the disease progression and that this result only can be applied on the subgroup of 
patients that meet the inclusion and exclusion criteria of the studies. The potential 
benefits of edaravone has not been studied for longer than 6 months and only in Japanese 
patients. According to the studies edaravone seems safe and well-tolerated, but since the 
drug is administrated as an intravenous infusion there is a risk of thrombophlebitis and 
infection. It also needs to be taken in account that this is a very time consuming and 
intensive treatment. The first 28 days of treatment consists of 14 days with a 60-minute 
infusion. After this, every 28-day cycle consists of 10 days with infusion. The cost of 
edaravone is estimated to $1000 per infusion which adds up to over  $140 000 in a year 
for one patient. These are things that needs to be discussed because they can affect the 
patient´s quality of life (QOL). Travelling to an infusion center takes time, time that the 
patient maybe rather like to spend with family and friends, especially since the time they 
have left is very limited (22). 
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Conclusion 
The conclusion of this study is that the efficacy of edaravone in ALS should be further 
investigated. Although two studies showed a significant effect on the change in functional 
rating scores, one of these studies was a small, open-label study thus placebo effect 
cannot be ruled out. The other of these two studies had strict inclusion criteria which 
makes the participants not representative for a wider population of patients with ALS and 
two studies did not show a significant effect. The results suggest that edaravone shows 
effect in a welldefined group of ALS patients with early stage disease. Riluzole showed a 
significant effect in three of the four studies by decreasing the risk of death or 
tracheostomy. The fourth study, that evaluated the efficacy of riluzole in advanced stage 
ALS, did not show a significant effect. The patients receiving riluzole were more 
representative for majority of ALS patients because of the broader inclusion criteria. 
Future studies should investigate the efficacy of edaravone and riluzole in advanced stage 
ALS and in a broader population of ALS patients.  
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