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Purpose: Riluzole is indicated to prolong life or delay the institution of mechanical ventilation
in patients with amyotrophic lateral sclerosis (ALS). Clinical studies have shown that this drug
prolongs survival, defined as living patients who are not intubated for mechanical ventilation
and without tracheotomy. The purpose of this study is to characterize riluzole’s use as well as
the user population in order to contribute to a rational and safe use.

Patients and methods: Descriptive, observational, retrospective study describing and char-
acterizing the use of riluzole in ALS patients between July 2006 and December 2016 conducted
in a Lisbon’s Central Hospital.

Results: Over the course of the study period, 77 patients with different phenotypes of ALS
received riluzole. The majority of patients (63%, n=49) were male. The median survival was
10.1 months, but 12 patients (16%) remained on therapy for more than 3 years; 65% of patients
were lost to follow-up. The mean adherence rate was 91.2%, and the median adherence rate
was 99.3%. One patient discontinued therapy due to gastrointestinal intolerance. Dyspnea and
cough were the most common side effects, with roughly one third of patients experiencing each,
followed by asthenia and hepatic effects.

Conclusion: Despite the extended enrollment period, only 77 patients met the criteria for study
inclusion. Nonetheless, statistical data regarding our population is in accordance with reported
international data. High adherence rates were observed, but 14% of patients discontinued
riluzole. In such cases, assessment by a multidisciplinary team is warranted.

Keywords: riluzole, adherence rate, amyotrophic lateral sclerosis, safety profile, drug
interactions

Introduction

Riluzole is included in the group of drugs that act on the nervous system. Although the
mechanism of action of riluzole and the pathogenesis of amyotrophic lateral sclerosis
(ALS) have not been fully elucidated, it has been suggested that riluzole acts by the inhi-
bition of glutamate-related processes, which are thought to play a role in the cell death
that occurs in this disease. Thus, it has been proposed that riluzole pre-synaptically
inhibits glutamate release and post-synaptically interferes with the excitatory effect
of some amino acids.'*

Clinical studies have shown that this drug prolongs survival — defined as living
patients without tracheotomy and without intubation for mechanical ventilation. There
is no evidence of riluzole having a therapeutic effect on motor function, pulmonary
function, fasciculations, muscle strength, and motor symptoms, or on the final stages
of ALS.!?

According to the Summary of the Product’s Characteristics (SPCs) approved by
the European Medicines Agency (EMA), this drug should not be used in patients with
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any other form of motor neuron disease.'? Nonetheless, the
safety and efficacy of riluzole have been studied in other
diseases, such as spinocerebellar ataxia or Friedreich’s ataxia,
with modest results.®

Furthermore, the effect of riluzole 50 mg/day was not
statistically significant when compared with placebo, and the
effect of riluzole 200 mg/day was essentially comparable to
that of the 100 mg/day dose of the drug.®’

Riluzole is the only drug licensed in the European Union
for ALS. According to the EMA, clinical investigation
of medicinal products for treatment of ALS is necessary,
especially for disease-modifying treatments.® Unfortunately,
massive failures of neuroprotective agents over the past
20 years have been observed, including antiglutamatergic
strategies (eg, ceftriaxone), anti-inflammatory strategies
(eg, celecoxib), and anti-oxidative strategies (eg, coenzyme
Q10), among others.*!!

The beneficial effects of edaravone (Radicava®), unmar-
keted in the European Union, have been demonstrated
in preclinical trials, as well as in a 6 month, randomized,
placebo-controlled, double-blind study conducted in Japanese
patients with ALS (n=137). After the failure of other clini-
cal trials, this trial by Tanaka et al was finally successful
in demonstrating the statistical difference on the primary
endpoint — the revised ALS Functional Rating Scale score
(P=0.0013)."12 Marketing authorization was initially granted
in Japan and, subsequently, in the USA; however, several
limitations of this drug were noted, including the fact that the
treatment requires continuous 30-minutes long, daily intrave-
nous infusions on a 2-weeks-on, 2-weeks-off schedule.!!"1?

According to the field experts, cell-based therapies may
represent a new therapeutic approach for ALS. Lu Chen
et al studied the effectiveness of riluzole in clinical prac-
tice and assessed patients every 3 months. In total, 1,540
patients with ALS were recruited between January 2007
and December 2013, of whom 415 (26.9%) were medicated
with riluzole. In this cohort, the use of riluzole was defined
as the administration of riluzole for a period of more than
2 weeks. Patients in the riluzole group were divided into three
subgroups according to the calculated daily-dose quartiles
(dose of riluzole administered to an adult of 70 kg in 1 day
was 100 mg). No statistically significant difference was found
between the control group and the riluzole group with respect
to the prognosis of the patients. However, the results seem
to suggest that the long-term use of the drug may result in a
better prognosis. '

There is limited data on therapeutic adherence, lifestyle
changes, or non-pharmacological therapy in this population.

However, adherence is a primary determinant of the success
of chronic therapy, because low adherence affects the effi-
cacy of the drug.!* Therefore, this study was conducted to
describe and characterize the use pattern of riluzole in a
Central Hospital in Lisbon.

Patients and methods

Study design

This descriptive, observational, retrospective study describ-
ing and characterizing the use of riluzole in ALS patients
between July 2006 and December 2016 was conducted in
Lisbon’s Central Hospital.

Population and study sample

All patients with riluzole-dispensing records for ALS (soft-
ware program used by the Pharmaceutical Services [CPC-
Glintt]) were included in the study.

Collection of information

The collection of demographic, therapeutic, and clinical
information was carried out by consulting the hospital records
as well as by contacting an attending physician, where justi-
fied. The adherence rate was calculated using the frequency
of riluzole dispensation, using the formula in Figure 1.

Days of dispensed treatment 100
Last dispense — First dispense

AR =

Figure | Adherence rate (AR) calculation.

Statistical analysis

Data were analyzed using the SPSS V17.0 program, using a
5% level of significance to indicate statistical significance.
The statistical methodology of univariate and bivariate
descriptive analyses was applied, where applicable. For the
quantitative variables, the measures of central tendency
and dispersion were determined. For qualitative variables,
the relative and absolute frequencies were determined. The
statistical association between the variables was evaluated
through »? and Fisher’s exact tests, as applicable.

Results

Patient characteristics

Over the course of the study period, 77 patients with different
phenotypes of ALS received riluzole; 75% had a probable
diagnosis of ALS. Diagnostic data was missing only in five
patients. Considering an estimated hospital influence area
0f 950,000 habitants, the calculated prevalence of ALS was
8/100,000.
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The majority of patients (63%, n=49) were male. The
mean age of the patients was 67 years, but the range spanned
from 38 to 89. Three of these patients (4%) had young-onset
ALS and were 45 years of age or younger. Bulbar onset was
noted in 29 patients (38%), limb-onset in 40 patients (52%),
and data were missing in eight patients (10%). Nine (12%)
and thirteen (17%) patients had a history of drinking and
tobacco use, respectively. Patients had a variety of concomi-
tant diseases, with the most common being cardiovascular
disease (65%) and other nervous system disorders (22%)
(Table 1).

The median survival was 17.9 months (n=56). In total,
12 patients (16%) remained on therapy for more than 3 years,
whereas three patients were lost to follow-up. Time delay
to diagnosis since the appearance of first symptoms was
recorded in the clinical files of 58 patients, and ranged from
1 to 144 months, with an estimated median time delay of
22 months.

Table | Patient comorbidities

Comorbidity Number of patients (%)
Cancer 8 (10)
Endocrine disorder 20 (26)
Immune disorder 2(3)
Blood disorder 709
Mental disorder 14 (18)
Nervous system disorder 17 (22)
Cardiovascular disease 50 (65)
Respiratory disorder 15 (19)
Digestive disorder 16 (21)
Skin disease 2 (3)
Muscular disorder 5 (6)

Riluzole use

In 75% (n=58) of patients, riluzole was first dispensed within
15 days of diagnosis; 76 patients were taking one defined
daily dose (100 mg) of riluzole. According to dispensing
records, the mean duration of treatment was 18 months, but
60% (n=49) received less than 12 months of riluzole treat-
ment. Noninvasive ventilation was registered in 33 patients
(43%), of whom 28 remained on riluzole after ventilation.
Tracheostomy was registered in four patients (5%).

In vitro studies with human liver microsomal prepa-
rations suggest that cytochrome CYP1A2 is the major
isozyme involved in the oxidative metabolism of riluzole.
Thus, CYP1A2 inhibitors (eg, caffeine, diclofenac, diazepam,
clomipramine, imipramine, fluvoxamine, theophylline, ami-
triptyline, and quinolones) may decrease the rate of elimi-
nation of riluzole, whereas CYP1A2 inducers (eg, tobacco,

rifampicin, and omeprazole) may increase its rate of
elimination.'>*

Of the drugs known to interact with riluzole, we saw
omeprazole and amitriptyline most often in this population,
in 17 and ten patients, respectively. Diazepam, diclofenac,
fluvoxamine, and quinolones each had one patient taking
them, whereas clomipramine, imipramine, nicergoline, and
rifampicin intake was not seen in these patients.

Dysphagia is a feature of ALS and was seen in 37
patients (Figure 2). In these patients, swallowing riluzole
tablets whole could be challenging. Although riluzole can
be crushed, it has an anesthetic effect on the tongue when
administered thus.'>!® Eighteen patients had a percutaneous
endoscopic gastrostomy (PEG) tube inserted and, although
crushed tablets can be given via the PEG tube, there are safety
and efficacy issues that have yet to be elucidated.

The adherence rates of patients were calculated on the
basis of the dispensing dates of riluzole, as shown in Figure 1.
The mean and median adherence were 91.2% and 99.3%,
respectively. The distribution of adherence rates can be seen
in Figure 3. One patient discontinued therapy due to gastroin-
testinal intolerance, and eleven patients (14%) discontinued
therapy due to poor belief in riluzole’s efficacy. Fourteen
patients chose to undertake follow-up in other hospitals that
were specialized centers for ALS.

In deceased patients, riluzole’s last dispensing data were
observed approximately 75 days before death.

Suspected adverse reactions

With regard to riluzole’s safety profile, nausea (12%-20%),
abdominal pain (5%-8%), diarrhea (5%-9%), alanine ami-
notransferase (ALT) increases of at least one level above the
upper limit of normal (ULN; 50%) and worsening of asthenia
(14%—-26%) were the most commonly reported side effects.>’
Less frequent neurological effects included incoordination,

PEG placement - 18 18
B No

7 Yes

No data

0 20 40 60 80 100
Number of patients

Dysphagia

Figure 2 Patients requiring alternative routes of administration.
Abbreviation: PEG, percutaneous endoscopic gastrostomy.
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Figure 3 Distribution of adherence rates.
Abbreviation: AR, adherence rate.

dizziness (5%—12%), and depression (4%—6%), and
pulmonary interstitial disease was infrequently observed in
patients treated with riluzole. Patients with dry cough and/or
dyspnea should, therefore, be evaluated.>’ Serious neutro-
penia and hepatitis were reported with unknown frequency.
A leukogram evaluation is recommended if any febrile illness
develops. In clinical trials, the changes in laboratory values
occurred most frequently within 2—6 months of initiating
therapy.'?’

Based on the patients’ follow-up appointments, a number
of suspected adverse drug reactions (ADRs) were noted.
Dyspnea and dry cough were the most common, with roughly
one third of patients experiencing each, followed by asthenia
and hepatic effects (Figure 4).

Clinicians did not attribute some of the patients’ com-
plaints to riluzole, and causality was not assessed accord-
ing to the Naranjo algorithm. Some possible confounding
factors may include the data collection method for ADRs.
The recommended monitoring includes monthly serum

transaminases determination during the first 3 months of
treatment, quarterly for the remainder of the first year, and
periodically thereafter.'? Although clinicians perceived that
hepatic alterations should be evaluated, we did not find evi-
dence of periodic hepatic function monitoring, in accordance
to riluzole’s SPC recommendations. Complete missing data
were detected in 35% of the patients. The ALT values ranged
from 7 to 105 U/L.

Discussion
In this retrospective study, an average duration of treatment
of 18 months, ranging up to 133 months was verified, as
expected from the reported international data.''*!'” High
adherence rates to riluzole treatment were observed, which
suggests that any person who considers himself really ill
makes everything possible to survive. However, in the final
stages of life, riluzole’s last dispensing date was observed
approximately 75 days before death, which could be related
to physicians’ and patients’ beliefs regarding riluzole’s
efficacy.

We observed that 14% of patients discontinued riluzole.
In patients with adherence rates below 80%, assessment by
the multidisciplinary team is warranted, and non-adherence
factors should be addressed. Disease onset in late adulthood
was observed most frequently, and young disease onset
accounted for 4% of the cases. This statistic is in accordance
with the international epidemiological data for ALS."

Cognitive and behavioral impairment are now recognized
features of ALS. In our population, approximately 20% of
patients had a further nervous system disorder or mental
disorder."” Potential drug—drug interactions were identified,
but its clinical significance remains unclear. Moreover,

Tachycardia 16 1 60
Somnolence 15 2 60
Dizziness 15 3 59
Asthenia 16 15 46
Hepatic effects 27 12 38 No data
Yes
Vomiting 16 1 60 No
Diarrhea 16 1 60
Nausea 16 4 57
Dyspnea 1 27 39
Dry cough 1 26 40
Number of patients 0 10 20 30 40 50 60 70 80 90

Figure 4 Suspected adverse drug reactions.
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riluzole management in patients with impaired swallow-
ing remains challenging. Although statistical analysis was
conducted, we could not recognize any factor (dysphagia,
interacting drugs, reported side effects, etc.) that was possibly
impacting riluzole’s efficacy or safety.

Some limitations of this study include the small sample
size and the adherence evaluation and data collection methods.
Using dispensing dates to evaluate adherence does not take
into consideration other factors that could affect the patient’s
medication usage, such as a period of hospitalization when
the patient was provided with inpatient medication. Lastly,
the retrospective nature of the study lends it some inherent
disadvantages. Patients were not randomized and are subject to
selection bias in that they had to be patients within the Central
Hospital in Lisbon. Furthermore, the use of hospital records
assumes the accuracy and completeness of these records.

Conclusion

Despite the extended enrollment period, only 77 patients
met the criteria to be included in the study, which indicates
the paucity of this disease. Nonetheless, statistical data with
regard to our population is in accordance with the reported
international data. In addition, the prospect of evaluating data
on therapeutic adherence, which is a primary determinant of
the success of chronic therapy, and possible ADRs, allowed
us to better illustrate the riluzole-use pattern in our hospital.
We observed high adherence rates, but 14% of patients dis-
continued riluzole due to poor belief in its efficacy. Focus
by the multidisciplinary team is to assure optimal adherence
rates to the only available, on-label drug for ALS.

Despite the above-stated study limitations, this study
allowed the identification of some relevant aspects related
with this patient population that the multidisciplinary team
can use to plan and develop interventions directed toward
patient outcomes, with particular attention to those patients
who have associated higher risk factors, which can become
a new objective of study and evaluation.
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