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Annotation. This article summarizes the current concept of the origin of amyotrophic ALS
sclerosis, what factors predispose patients to develop the disorder, and analyzes the reasons why
not all cases of ALS are the same.

In the 150 years since Charcot first described ALS, a number of indisputable and contradictory
factors have been identified that describe the clinical history of the disease. The work is based on
available information about ALS, as well as experimental treatment methodologies, including the
use of placebo "antiglutamate agent riluzole", aimed at increasing life expectancy, improving
therapy methods, conducting clinical trials, as well as implementing preventive measures to
exclude activation of triggers of neurodegenerative disorder.
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Introduction
Amyotrophic lateral sclerosis (ALS) is an idiopathic fatal neurodegenerative disease of the
human motor system.
There are many hypotheses about the cause of ALS. Some believe that glutamate, being the
primary pathogen neurotransmitter in the central nervous system, accumulates to toxic
concentrations in synapses and causes the death of neurons.

This hypothesis is supported by observations of abnormal glutamate metabolism altered
by leukocyte glutamate dehydrogenase and decreased uptake of high-affinity glutamate by
synaptosomes from the spinal cord and motor cortex. [2]

Literature review

It is impossible to avoid the manifestation of the disease, considering its not fully investigated
etiology and hereditary transmission factor. Accordingly, the main task of modern medical
science is to minimize the symptoms of the disease, their progression and increase the life
expectancy of patients.

In this context, taking into account the theory of the dependence of the disease manifestation on
the metabolism of glutamate, drugs that model the glutamatergic system have been proposed for
the treatment of amyotrophic lateral sclerosis [2].
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The purpose of the prospective randomized, double-blind, placebo-controlled, stratified trial was
to determine the usefulness of riluzole to patients with amyotrophic lateral sclerosis.

The main goal is to improve survival and analyze the rate of change in the patient's
clinical condition. The secondary objective of the assessment was to analyze changes in muscle
strength, respiratory function, in the patient's subjective assessment of symptoms, global clinical
observations, and the patient's ability to tolerate treatment [3].

Materials and Methods

To evaluate the efficacy and safety of the experimental drug "Riluzole", the data obtained as a
result of a prospective placebo-controlled study in 155 outpatient patients with amyotrophic
lateral sclerosis are taken as a basis. The experiment involved 2 groups of patients with an
established diagnosis of ALS. All patients received written consent to conduct experimental
treatment (if necessary, with the help of a spouse). All procedures and manipulations were
carried out in accordance with international ethical protocols (European Recommendations for
Good Clinical Practice).

Patient selection. The study involved outpatient patients aged 20 to 75 years. To ensure the
accuracy of the patient's diagnosis, the clinical status of the patients, at the time of admission,
corresponded to amyotrophic lateral sclerosis. [4]

Patients were excluded if they showed signs of conduction of motor nerves, sensory
nerves, or both on electromyography, immunoelectrophoresis, as well as paraproteinemia,
corresponding to clinical signs in imaging studies (computed tomography or magnetic resonance
imaging), or signs of dementia.

To improve the purity of the study picture, patients were excluded in the case of:

e long-term history: more than five years have passed since the first symptoms
appeared;

o the presence of other diseases that lead to disability or are life-threatening;

e the presence of hepatic or renal dysfunction in patients;

e pregnancy.

In preclinical studies, riluzole has been found to modulate glutamatergic transmission.

In the first phase trials on healthy volunteers, single doses of riluzole up to 200 mg were well
tolerated and did not raise suspicions about the safety of use [3].

The dose of riluzole was 100 mg per day. Randomization was stratified according to the
location of the onset of the disease (bulbous region or extremities).

Patients with bulbar disease were identified as having initial signs and symptoms in the
bulbar region, but at the time of the study they had clinically determined or probable
amyotrophic lateral sclerosis.

Patients with limb disease had initial signs and symptoms in the limbs, even if they had a
bulbar lesion at the start of the study.

Patients were given either 100 mg of riluzole per day in tablets or tablets of identical
placebo appearance, which they took orally twice a day, in the morning and in the evening,
before meals [5].

The main goal of the study was to determine the survival rates and the rate of change in
the functional state.

A secondary goal was to analyze changes in muscle strength in the observed patients.
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The tests were performed after 12 months of treatment and at the end of the placebo-controlled
period (the average follow-up period was 573 days).

Determination of the results of the measures and the consequences of the impact

After the start of the study, each patient had to be examined every two months. All researchers
were trained before the trial to improve the reliability of assessments of functional status and
muscle function. [5]

Primary performance results

Primary efficacy outcomes were prospectively defined as survival and functional changes of
status after 12 months of treatment. The main markers included in the determination of survival
were death (from any cause) and tracheostomy, since in the end-stage of the disease, respiratory
failure leads to any outcome.

Functional status was assessed on a four-point scale, which included scores on the
functional indicators of the limbs, the functions of the eyeball, the results of the clinical
examination and the symptoms reported by the patient.

The functional parameters of the limbs and the bulbar function were evaluated using
modified Norris scales (the maximum score for the limb function is 63, for the bulbar function is
39). Each score was assessed initially at the time of admission to the study and every two months
thereafter. [6]

Secondary performance results

Secondary efficacy results included muscle test scores, respiratory function scores, scores on the
overall clinical sense of change scale, and the patient's subjective assessments of fasciculations,
cramps, stiffness, and fatigue expressed on four 100-millimeter visual-analog scales.

The patient in a sitting position was evaluated for 22 muscle functions on a five-point
scale.

Respiratory function was monitored by tests of forced vital capacity of the lungs and
expressed as a percentage of the expected value.

Indicators of muscle strength, overall clinical impression, and visual-analog scales were
obtained at admission to the study and every two months thereafter. Respiratory function was
assessed at the start of the study and every six months thereafter. [7]

Safety, intermediate observations, refusal to continue participation in the study, negative
consequences

Information about drug side effects and intercurrent events was recorded at each study visit by
direct interviewing the patient, clinical examination, and laboratory results.

Liver function and muscle enzymes were analyzed every two weeks from the start of the
study until the 7th month, and every two months starting from the 8th month.

Biochemical and hematological tests were performed from the beginning of the study and every
two months after that. All definitions of laboratory values were performed in one laboratory.

To determine the concentration of the drug used in plasma, blood samples (10 mi
collected in a test tube containing heparin) were taken monthly from 1 to 4 months, and then
every two months.

Samples were taken before the morning administration of the drug and sent to one central
laboratory. After centrifugation at 1300 x g for 10 minutes, the plasma was frozen at -18 ° C
until it was processed at the end of the study. [8]
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Reasons for refusing treatment included the occurrence of a serious adverse effect, an
increase in alanine aminotransferase levels (more than three times the upper limit of the normal
range), and withdrawal of patient consent.

Discontinuation of treatment was not the reason for discontinuation of the study, and
follow-up of patients every two months continued with a sustained intention to be treated by the
patient. [9]

In case of loss of communication with a previously investigated patient, information
about the patient was requested from the family or family doctor. In case of death-requested a
death certificate from the authorized authorities at the place of birth of the patient.

Indicators and effectiveness of the drug

Extrapolation of previous studies and the underlying data showed a 12-month survival rate in
35% of patients with bulbar disease and 65% in patients with limb disease, demonstrating an
overall estimated survival rate of 55% in the placebo groups.

Considering outcome ratio of one patient with bulbar disease for every two patients with
limb disease, the minimum number of patients in the sample was prospectively recorded to
identify an improvement in one-year survival from 55 to 85 percent, with an alpha level of 5
percent and a beta level of 90 percent, per test.

Statistical analysis

Continuous variables of demographic data and clinical values at the beginning of the experiment
were compared using a two-factor analysis of variance, which included the prescribed treatment,
the localization of the disease, and the interaction between these two factors. Qualitative
variables were compared using Pearson's chi-square criteria. The survival curves for the study
groups were compared according to statistics Mantel-Cox, stratified according to the localization
of the disease. [10]

Prognostic factors were determined by analyzing the proportional risks of Cox stratified
according to the location of the disease, with a step-by-step procedure. The effect of treatment on
survival was also evaluated with the control of selected prognostic factors (according to the
Wald criterion).

The factors included in the model were treatment (riluzole compared to placebo), the
location of the disease (bulbar region compared to extremities), and the interaction of both
factors [12, 13].

Although a one-sided hypothesis was used in the planning of the analysis, the results of
statistical comparisons of performance-related variables are conservatively presented with two-
sided values.

Results
After 12 months, 45 of the 78 patients (58%) in the placebo group were still alive compared to
57 of the 77 patients (74%) in the riluzole group. For patients with bulbar syndrome, one-year
survival was 35% (6 out of 17) in the placebo group and 73% (11 out of 15) in the riluzole
group, while for patients with limb disease, one - year survival was 64% and 74%, respectively.
The progression of muscle strength deterioration was significantly slower in the riluzole
group than in the placebo group. But there were registered adverse reactions to riluzole: asthenia,
spasticity and a slight increase in the level of aminotransferase. Twenty-seven patients in the
riluzole group dropped out of the study, compared to 17 patients in the placebo group. [1]
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Demographic data

The study involved 155 patients (32 with bulbar disease and 123 with limb damage).

The initial date of analysis of the results obtained was set 12 months after the start of the study of
the last patient in the group. After that, the trial was conducted in a double-blind treatment
setting before a performance review 12 months later, when the placebo-treated patients were
switched to riluzole.

Based on the results of the analysis of demographic data, functional indicators of limbs and
bulbars, as well as information about muscle strength, the results for the first 12 months of
treatment were summed up.

The survival analysis takes into account the first 12-month period and the end of the
placebo-controlled period. The interval between randomization and the control date ranged from
483 to 632 days (median 573).

Seventy-seven patients were randomized to the riluzole group (62 patients with limb
disease and 15 patients with bulbar disease), and 78 patients were randomized to the placebo
group (61 and 17 patients, respectively).

All patients met the criteria for probable or precisely defined amyotrophic lateral
sclerosis. Twenty-four patients did not fully meet the criteria for ensuring the purity of the study,
whose condition and symptoms could affect the outcome of the experimental treatment.

These patients were still included in the study for reasons of statistical reliability.

Since these patients were still diagnosed with amyotrophic lateral sclerosis, it was decided to
leave them in the study under completely blind conditions and combine them with the rest of the
patients. [15]

Post-factum analysis showed that these patients were evenly distributed between the
groups: there were 11 in the riluzole group and 13 in the placebo group.

The analysis of these patients according to risk factors also showed that the number of
extreme values for factors that positively or negatively predict survival was balanced in the
placebo group (7 and 7, respectively), while in the riluzole group these values were unevenly
distributed (3 and 8, respectively).

Thus, the extreme values of risk factors were not sharply unbalanced in any group. The
two study groups were similar at the start of the study (both in general and in localization
stratification). Five patients had a hereditary form of the disease (one in the placebo group and
four in the riluzole group) [16].

There was a statistically significant difference in survival between the two study groups.
After 12 months, 45 of the 78 patients in the placebo group (58%) were still alive, compared to
57 of the 77 patients in the riluzole group (74%). A posteriori analysis, which excluded 24
patients who did not meet all the criteria for participation in the experiment, made very little
difference in the percentage of patients who survived.

Overall, by the end of the placebo-controlled period, 29 of the 78 patients in the placebo
group (37%) were alive compared to 38 of the 77 patients in the riluzole group (49%).

The average survival rate was 449 days and 532 days in the placebo and riluzole groups,
respectively. Overall, riluzole therapy reduced mortality by 38.6 percent at 12 months and 19.4
percent at 21 months (end of the placebo-controlled period), which is clinically important and
statistically significant.
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Unexpectedly, the treatment effect was higher in patients with bulbar disease than in
patients with limb disease. [17]

Among patients with bulbar disease, 6 out of 17 patients in the placebo group (35
percent) remained alive after 12 months, compared to 11 out of 15 patients in the riluzole group
(73%).

At the end of the placebo-controlled period, there was still a significant difference
between treatment: 3 out of 17 patients in the placebo group (18%) remained alive compared to 8
out of 15 patients in the riluzole group (53%).

The median survival rate was 239 days in the placebo group, while median survival rates
were not achieved after 476 days in the riluzole group .

Among patients with limb disease, there was a tendency to increase survival after 12
months in the riluzole group, with 46 of the 62 patients (74%) still alive compared to 39 of the
61 living patients in the placebo group (64%). [18]

In this subgroup, the results were not statistically significant. At the end of the placebo-
controlled period, 26 of the 61 patients in the placebo group (43 %) were alive, compared to 30
of the 62 patients in the riluzole group (48 %). There was no apparent increase in average
survival (523 days versus 531 days for placebo and riluzole, respectively).

A step-by-step analysis of risk factors (using the Cox proportional hazards method)
identified age, disease duration, vital activity, bulbar function index, fatigue index, and stiffness
index as significant predictive variables at the start of the study.

After adjusting for these variables, the difference in survival between treatments was
significant only after 12 months.

Evaluation of research results

During 12 months of follow-up, the results of observations were obtained for 80% of
patients. For each functional score, the rate of deterioration was lower in the riluzole group than
in the placebo group.

The result of muscle testing was taken into account, which was statistically significant,
while the rate of deterioration of muscle function after 12 months decreased by 33.4%. The
purpose of treatment, the localization of the onset of the disease and the effectiveness of
treatment, showing the interaction between these two factors, were included in the model used in
the analysis of changes in the clinical picture. [19]

Side effects and refusal to continue treatment
Clinically significant adverse drug reactions have been reported, including:

e exacerbation of asthenia;

e increased spasticity;

e increase in alanine aminotransferase, aspartate aminotransferase, or both;

e increase in blood pressure from mild to moderate.
An increase in aminotransferase levels was observed in 19 patients (6 in the placebo group and
13 in the riluzole group). This increase occurred 42-267 days after randomization in the riluzole
group and 23-503 days after randomization in the placebo group.

An increase in the level of alanine aminotransferase more than three times compared to
the upper limit of normal was observed in six patients in the riluzole group and in three patients
in the placebo group.
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None of the patients had an alanine aminotransferase value that exceeded the upper limit
of normal by more than five times.

Among the patients in the riluzole group who had elevated alanine aminotransferase
levels, five were withdrawn from treatment, and one continued.

In this patient, the level of alanine aminotransferase remained in the range of two to four
times higher than normal.

Eleven patients in the riluzole group and three in the placebo group had elevated levels of
aspartate aminotransferase. [20]

One patient in the riluzole group stopped treatment, started treatment again, and remained
on treatment until the end of the study, with aspartate aminotransferase values four times higher
than normal, and alanine aminotransferase values less than twice as high as normal.

Concomitant increases in both aminotransferases occurred in five patients in the riluzole
group, but none in the placebo group.

In all patients treated with riluzole who discontinued treatment due to increased
aminotransferases, levels returned to baseline values within two months of discontinuation of
treatment.

A total of 44 patients stopped treatment during the study (27 in the riluzole group and 17
in the placebo group). Among the 27 patients in the riluzole group, 19 stopped treatment due to
an adverse experience, compared to 9 of the 15 patients in the placebo group who stopped
treatment.

Discussion

Riluzole had a significant effect on survival and muscle deterioration in this randomized,
stratified, double-blind, placebo-controlled trial of 155 patients with amyotrophic lateral
sclerosis.

Survival was chosen as the final benchmark and goal in the study to be able to distinguish
the likely efficacy of the drug from the symptomatic effect on function that would not reduce the
loss of motor neurons [22]. The beneficial effect of riluzole on survival cannot be explained by
other influencing factors.

In order to study representative patients with amyotrophic lateral sclerosis, we included
patients whose disease duration varied over a wide range. The death rate in the placebo group
was in the range estimated when the study was planned, and was consistent with those reported
in other studies. The patients were representative of people with an established diagnosis of ALS
and included approximately 5% of all such patients in France at the time of the study.

Riluzole, naturally, showed lower efficacy in patients with limb disease, but at the
moment we can not accurately explain the differences in the nature of the onset of the disease.
However, such a striking difference between subgroups should be interpreted cautiously,
because, as pointed out Peto, this effect can occur accidentally. Regardless of the initial location
of the disease, the therapeutic effect of riluzole seems to depend on the duration of therapy. At
the same time, a stronger effect is observed in the first 12 months and an obvious decrease in the
effect from 12 to 21 months (the end of placebo-controlled treatment) [23].

Overall, it seems that the reported adverse reactions to the drug do not outweigh its
therapeutic effect on survival. Adverse drug reactions may impair quality of life, but these
effects may be outweighed by the effect of the drug on muscle function. [25]
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Riluzole has a positive effect on the rate of deterioration of muscle function. This
suggests that the drug can affect the pathological process (for example, the degeneration of
motor neurons), even if the mechanism of action remains unclear. Riluzole presynaptically
suppresses the release of glutamic acid in the central nervous system and prevents the
postsynaptic action of excitatory amino acids in a number of experimental systems.

However, it does not appear to interact competitively with any of the known glutamic acid
receptors, but rather counteracts the effects of such neurotransmitters indirectly, possibly through
interaction with potential-dependent sodium channels or G-proteins [26].

Deciphering the biological effect responsible for the therapeutic activity of riluzole in
amyotrophic lateral sclerosis may improve our understanding of the disease pathogenesis and
open up new therapeutic possibilities [28]. Further clinical trials, such as dose ranges and
concomitant therapy, are needed before riluzole can be offered for the treatment of amyotrophic
lateral sclerosis [29].

Conclusions
1. Riluzole, regardless of its pharmacokinetics, can be used in the treatment of ALS.
2. The beneficial effect of riluzole on survival depends on the initial localization of the disease.

A large and significant effect was observed in patients diagnosed with ALS at the beginning of
the bulbar period, while in patients with limb disease, only a tendency to a positive effect was
found.

3. The reason for the refusal of patients in the experimental groups from therapy was asthenia,
stiffness and an increase in the level of aminotransferases.

Although the increase in aminotransferase levels was more frequent when treated with riluzole, it
was well tolerated by patients who continued to take the drug despite this increase.

4. Additional study of the pharmacodynamics and pharmacokinetics of the drug "Riluzol" is a
promising direction that can improve and prolong the active life of patients diagnosed with
amyotrophic lateral sclerosis.
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