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Background: This analysis describes the use of riluzole in amyotrophic lateral sclerosis (ALS) individuals with contraindications and off-label use for subjects with other motor neuron diseases (o-MND) in the Italian regions of Latium, Tuscany and Umbria.
Methods: A cohort of adults with ALS prescribed with riluzole during the years 2016–2019 was enrolled from administrative healthcare databases, excluding subjects with o-MND in the preceding 5 years. Being affected by ALS for more than 5 years, presence of tracheostomy, renal or hepatic failure were considered as contraindications to the use of riluzole. A cohort of adults with o-MND was enrolled in 2016–2019 for whom off-label use of riluzole was retrieved up to 4 years, analysing over the time differences related to sex.
Results: Among 206 ALS individuals prescribed with riluzole in Latium, 336 in Tuscany and 60 in Umbria, less than 1% were diagnosed with ALS for more than 5 years. Less than 2% were tracheotomised or affected by hepatic failure. Renal failure was documented for 1.9%, 2.7%, and 5.0% of ALS individuals in Latium, Tuscany and Umbria. The o-MND cohort comprised 264 subjects in Latium, 222 in Tuscany, and 66 in Umbria. Non-negligible off-label riluzole use was observed: 8.5%, 33.0%, and 4.2% in females, and 19.9%, 26.5% and 2.4% in males in Latium, Tuscany and Umbria.
Discussion: Riluzole use in ALS individuals in the presence of contraindications is rare, with slightly higher numbers in presence of renal failure. Off-label use in o-MND was found to be non-negligible, with variations between sexes.
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INTRODUCTION
Riluzole is a drug indicated to improve survival and time free from invasive mechanical ventilation (or tracheostomy) in individuals with amyotrophic lateral sclerosis (ASL). Although the pathogenesis of ALS is not completely elucidated, recent advancements in ALS research suggest that genetic and/or environmental factors would be involved at some stage of the neurodegeneration of motor neurons, with the important contribution of many mechanisms to the manifestation of the disease, including mitochondrial dysfunction, dysfunction of axonal transport, toxic protein aggregation and propagation, impaired protein degradation systems, excitatory, oxidative stress, decreased neurotrophic support from neuronal cells, and RNA toxicity. Among them, glutamate-induced excitotoxicity is considered to play an important role for cell death in the disease.
Riluzole is proposed to act by inhibiting glutamate processes. Nevertheless, there is no evidence that riluzole exerts a therapeutic effect on motor function, lung function, fasciculations, muscle strength and motor symptoms (Andrews et al., 2020).
A Cochrane Systematic Review published in 2012 recommended the use of riluzole in individuals with probable and definite ALS who had a history of disease shorter than 5 years, and no history of tracheostomy. Riluzole 100 mg daily is reasonably safe, prolonging median survival by about 2–3 months in subjects with ALS (Miller et al., 2012). Andrews et al., in 2020 reported a review regarding the real-world evidence of riluzole effectiveness in treating ALS. This review indicates that riluzole treatment may extend survival by 6–19 months, which is substantially longer than the 2–3 months of survival benefit reported in clinical trials (Andrews et al., 2020). Moreover, clinical trials demonstrated that riluzole is generally safe and well tolerated, and there is little evidence for a difference in adverse events (AEs) rate between riluzole and placebo. The most frequently reported serious AEs are increased liver enzymes, nausea, vomiting, weakness, tachycardia, sedation, headache, dizziness, and paresthesia (Saitoh and Takahashi, 2020).
In ALS, riluzole use is contraindicated in the presence of renal and/or hepatic impairment, after tracheostomy, or in patients with an ALS history of more than 5 years, and during pregnancy and breastfeeding (EMA, 2016). In the latter stages of ALS, a medication review to evaluate the opportunity to discontinue treatment should be considered. Riluzole has been investigated in probable and definite ALS and for this reason should not be used in individuals with any other form of motor neuron diseases (o-MNDs). In this case, a riluzole-based treatment in o-MNDs can be defined as off-label use. Treatment with riluzole should only be started by a neurologist with experience in the management of MNDs (EMA, 2016).
To date, there are no drug utilisation studies investigating the pattern of riluzole use in a real-world setting in Italy, thus, this brief analysis describes the use of riluzole in ALS adult individuals with contraindications and its off-label use for adults with o-MND in the Italian regions of Latium, Tuscany and Umbria.
MATERIAL AND METHODS
Data sources
This is a descriptive, retrospective cohort study, part of a multiregional Italian pharmacovigilance project on the comparative effectiveness and safety of drugs used in rare neuromuscular and neurodegenerative diseases (CAESAR project).
This brief analysis was performed on regional administrative healthcare data of three Italian regions (Latium, Tuscany, Umbria). Data referred to the years 2011–2019. The study protocol was registered on the EU PAS Register (EUPAS37983).
In Italy, healthcare is tax-funded and issues services to all residents, who are enrolled in the healthcare registries, covering around 95% of the population. Non-enrolment mainly refers to healthy young or middle-aged persons who can afford private medical care, whereas chronic patients are typically covered. For this population, all healthcare services issued by public or affiliated providers are recorded at an individual level. Specifically, administrative healthcare databases provide information regarding: 1) healthcare assistance (demographic and residence information registered in the regional health service, i.e., date, place, and cause of death, coded according to ICD-9-CM); 2) hospital discharge records (information regarding discharge from hospitals, i.e., primary and secondary diagnoses and procedures recorded at discharge, coded according to ICD-9-CM); 3) emergency department (ED) visits (i.e., up to five diagnoses coded according to ICD-9-CM, patient severity, triage code, and clinical parameters); 4) co-payment exemptions for patients with a confirmed diagnosis of a chronic or acute condition; 5) reimbursed drugs intended for outpatient use (coded according to the international Anatomical Therapeutic Chemical Classification System (ATC), claim date, number of pills).
All databases can be linked through an anonymous unique patient identifier, to create patient level records containing all information available in the different administrative registries, in line with the Italian privacy legislation.
Study population
The enrolment period covered the years 2016–2019, while the years 2011–2015 were needed to allow for a 5-year look-back period at the index date for all cohort members. Two different cohorts of subjects were considered.
The first cohort included individuals with a record of ALS from 1 January 2016, to 31 December 2019 (cohort A). Subjects were included if any of the following criteria was retrieved from the regional administrative databases: diagnosis of ALS from hospital discharge (primary diagnosis: ICD-9-CM 335.20); diagnosis of ALS from hospital discharge (secondary diagnosis: ICD-9-CM 335.20), with hospital discharge from neurology ward; ALS specific co-payment exemption (code RF0100); diagnosis of ALS from ED visits (primary diagnosis: ICD-9-CM 335.20). The date of the first signal was defined as the index date. Subjects were excluded if they met any of the following criteria: less than 5-year look-back period from the index date; no dispensing of riluzole (ATC code: N07XX02) after the index date and before 31 December 2019; dispensing of riluzole during the 5-year look-back period; diagnosis of o-MND (from hospital discharge or ED visits: ICD-9-CM 335.2, excl. 335.20); co-payment exemption codes of o-MND (i.e., codes RF0110, RF0390, RFG050) in the 5-year look-back period; age <18 years at index date; not resident/registered with a general practitioner in any of the regions of interest at index date.
The second cohort included individuals affected by o-MND (cohort B), namely progressive muscular atrophy, progressive bulbar palsy pseudobulbar palsy, primary lateral sclerosis, and all other motor neuron diseases. Subjects were included if any of the following criteria was retrieved from the regional administrative databases from 1 January 2016, to 31 December 2019: diagnosis of o-MND from hospital discharge (primary diagnosis: ICD-9-CM 335.2, excl. 335.20; diagnosis of o-MND from hospital discharge (secondary diagnosis: ICD-9-CM 335.2, excl. 335.20), with hospital discharge from neurology ward; o-MND specific co-payment exemption (i.e., codes RF0110, RF0390, RFG050); diagnosis of o-MND from ED visits (primary diagnosis: ICD-9-CM 335.2, excl. 335.20). The date of the first signal was defined as the index date. Subjects were excluded if they met any of the following criteria: less than 5-year look-back from the index date; prescriptions of riluzole in the 5-year look-back period; diagnosis of ALS (from hospital discharge or ED visits: ICD-9-CM 335.20) or co-payment exemption (code RF0100) in the 5-year look-back period; age <18 years at index date; not resident/assisted at index date.
Study outcomes
The use of riluzole in the presence of contraindications in individuals affected by ALS was identified according to its therapeutic indications (EMA, 2016). The occurrence of any of the following conditions in ALS individuals (cohort A) at first riluzole prescription was considered: more than 5 years from first diagnosis of ALS to first riluzole (ATC N07XX02) prescription; occurrence of any record of tracheostomy in the 5-year look-back period (ICD-9-CM codes 51900, 51901, 51902, 51909, V440, V550); occurrence of any record of impairment of renal function in the 5-year look-back period (ICD-9-CM codes 582, 583, 585, 586, 587 for chronic renal insufficiency; 250.4, 250.40, 250.41, 250.42, 250.43 for diabetic nephropathy; 403.xx, 404.xx for hypertensive nephropathy; 572.4, 580.xx, 584.xx, 580.0, 580.4, 580.89, 580.9, 582.4, 791.2, 791.3 for acute renal failure; 274.10, 440.1, 442.1, 453.3, 581.xx, 593.xx, 753.0, 753.3, 866.00, 866.01, 866.1 for other renal diseases); occurrence of any record of liver function impairment in the 5-year look-back period (ICD-9-CM codes 571, 570, 572, 573, 070, except 573.0).
The off-label use of riluzole, defined as its use in individuals affected by o-MND (cohort B), was also investigated.
Statistical analysis
The analysis of riluzole prescribing in the presence of contraindications in ALS individuals (cohort A) was performed, identifying any signal of one of the defined contraindications during the 5-year look-back period for every cohort member from administrative health data. For each specific contraindication, occurrence was calculated in terms of the number of subjects with at least one signal during the look-back period (numerator) in relation to the cohort of new riluzole users (denominator), and is presented in absolute numbers and percentages, stratified by region.
Off-label riluzole prescribing in individuals with o-MND (cohort B) was analysed, retrieving riluzole prescriptions after the index date of o-MND diagnosis throughout the end of 2019. Occurrence was calculated as the proportion of riluzole users in terms of at least one riluzole claim (numerator) with respect to the o-MND cohort (denominator), expressed in absolute numbers and percentages, stratifying by region, sex, and year of enrolment.
The present analysis is part of a research project (“CAESAR”) which will also investigate efficacy and safety of riluzole use in ALS patients. For this analysis we will use multivariate COX regression models, including sensitivity analysis. Regarding the ALS cohort, we have run a validation study which evaluated sensitivity and specificity of the algorithm we used to identify ALS patients from administrative data, and found good levels of both. This validation study is part of another scientific article on ALS incidence and prevalence which is currently on its way and will hopefully be published soon.
RESULTS
Overall, 1,890 ALS individuals were identified. Applying the exclusion criteria, resident adults with incident ALS (cohort A), not affected by o-MND, and newly prescribed with riluzole after the index date accounted for 206 subjects in Latium, 336 in Tuscany, and 60 in Umbria, respectively (Table 1). In Latium and Umbria individuals were more frequently males. Mean age varied between 65.9 and 70.6 years at index date, reflecting the different characteristics of resident population in the three Italian regions. Riluzole was only sporadically prescribed for ALS in the presence of contraindications across the participating regions. Less than 1% had a recorded history of ALS of more than 5 years, less than 2% had undergone tracheostomy or were affected by liver impairment. Renal failure was documented for 1.9%, 2.7%, and 5.0% of ALS individuals in Latium, Tuscany, and Umbria, respectively (Table 2).
TABLE 1 | The ALS cohorts in the three Italian regions (years 2016–2019).
[image: Table 1]TABLE 2 | Riluzole prescribing in presence of contraindications in the ALS cohort by region.
[image: Table 2]In the three regions, a total number of 1,230 subjects with o-MND were retrieved (cohort B). The cohorts contributing to our analysis included 264 individuals in Latium, 222 in Tuscany, and 66 in Umbria (Table 3). There was a higher proportion of males in all regions, and mean age was 58 3 years.
TABLE 3 | The o-MND cohorts in the three Italian regions (years 2016–2019).
[image: Table 3]Off-label use of riluzole in o-MND individuals was observed, with differences between the three regions and sexes. Prevalence of riluzole use was 8.5% in females and 19.9% in males in Latium, 33.0% in females and 26.5% in males in Tuscany, and 4.2% in females and 2.4% in males in Umbria. Analysing time trends over the 4-year study period, prevalence of off-label riluzole use was generally stable, except in Tuscany, where some fluctuation was registered, ranging between 17.9% and 34.4% for males, and 26.7% and 50.0% for females (Figure 1).
[image: Figure 1]FIGURE 1 | Off-label riluzole prescribing in o-MND subjects: proportions by region, sex and year of enrolment.
DISCUSSION
Our data show that riluzole use in individuals with a diagnosis of ALS is generally in line with therapeutic indications. Riluzole therapy was only sporadically started in the presence of a contraindication, as more than 5 years from disease onset, after tracheostomy or in the presence of liver impairment, indicating that riluzole use in the Italian clinical practice can be considered as appropriate and safe as possible. A slightly higher but still modest use was observed in subjects suffering from renal impairment. Differences between the three regions included in the analysis are small and due to very small numbers are hard to interpret. However, this is the first drug utilisation study describing the pattern of riluzole use in a real-world setting in Italy, with a specific focus on its therapeutic indications.
Regarding the off-label use of riluzole to treat o-MND, for which riluzole is not officially authorised in Italy, we detected a non-negligible number of cases. This may certainly be explained to some extent by the absence of a therapeutic alternative for these conditions. Differences observed may be partly due to variations of drug policies or clinical guidelines over time and between regions, given that regional health authorities oversee reimbursement regulations for drugs in Italy (Prada et al., 2017). From a clinical point of view, these findings are of exceptional relevance to avoid safety problems potentially associated with the use of riluzole out of its therapeutic indications in neurology.
Even if evidence regarding the on- and off-label use of riluzole in clinical practice is scarce, some studies attempted to analyse its utilisation patterns. In the scientific literature there are some international studies that have already reported information regarding the use of riluzole in clinical practice. Nevertheless, no one reported information on the use of riluzole in presence of contraindications and/or its use in an off-label regimen. A descriptive observational retrospective study performed in Lisbon, characterised the use of riluzole in 77 ALS patients (63% men). Overall, the study estimated a mean adherence of 91.2% and a median survival of 10.1 months. Tracheostomy was registered in four patients (5%), but no information regarding riluzole withdrawal were reported in the paper (Paróla et al., 2018). A nationwide retrospective cohort study conducted in Sweden between 2007 and 2013 evaluated the use of prescription drugs over the course of the last year of life in older adults affected by ALS (Grande et al., 2017). Riluzole was found among the five most used active principles during the final months before death. On a total of 1,603 older adults (51.2% men; mean age 76.5 years), authors found a significant increase in the prescription of riluzole during the last year of life (26.7% at 12th month, 37.9% at 6th month, and 45.0% at final month). This pattern of use can be explained by riluzole efficacy in extending life or the time free from mechanical ventilation in patients with ALS. However, no information on the time from diagnosis of ALS, contraindications (i.e., liver or renal impairment), and tracheostomy were provided by the authors, making their analysis difficult to compare with our results.
A real-world cohort study published by Chen L. and colleagues in 2016 investigated the efficacy of riluzole in patients with sporadic ALS (Chen et al., 2016). Among 1,540 patients, 415 were administered with riluzole, 252 (60.7%) males. Authors observed that the prognosis of patients treated with a cumulative defined daily dose≥ 16,800 mg was significantly better than that of patients treated with lower doses of riluzole and better than that of patients not exposed to this medication. No information regarding the use of riluzole in presence of contraindication or of its off-label use was provided.
A descriptive cross-sectional study was conducted in Colombia in 2017 to determine the prescription pattern of riluzole in a population of patients with MND (Calvo-Torres et al., 2021). In the Colombian General Social Security Health System database, a total of 81 ALS patients receiving riluzole were found (48.1% men; mean age 60.8 years). Although the authors reported that 63% of ALS individuals were receiving medicines that reflect the presence of comorbidities, specific information on concomitant conditions were not retrievable from their analysis. In fact, comedication was used as a surrogate indicator of chronic disease. In this context, it could be very difficult to evaluate the use of riluzole in this subset, based on its contraindications.
Another study published in the United States in 2020 (Vu et al., 2020) monitored patients’ characteristics, utilisation and safety of edaravone cycles and riluzole use. This propensity score–matched cohort study used data on 369 patients with documented definite or probable ALS and compared edaravone (alone or with riluzole) with riluzole only. 71.3% of patients enrolled received edaravone with riluzole, while 669 patients used riluzole only. Among riluzole users, 97% were males. Tracheostomy was registered for 16 patients in the riluzole users group, along with 182 cases of death, and 35 cases of hospitalisation. Only 17 riluzole users recovered to mechanical ventilation. Also in this case, the off-label use of riluzole was not considered by the authors.
In his analysis (Kim, 2017), Yong-Jin Kim demonstrated that, in Ontario (Canada), riluzole prescriptions were influenced by the patient's age, moderate and moderate-severe cognitive impairment, marital status, and geographical locations. The majority of riluzole users were married males, more than 56 years old. The analysis demonstrated that the receipt of riluzole reduced the hazard of death and hospitalisation by 14%. Information on comorbidities, tracheostomy and/or other contraindications were not available.
In summary, in the last decade, several population-based studies from real-world settings were published on clinical ALS databases. All of them suggested significant enhancement of survival in riluzole-treated ALS individuals compared to those who did not receive riluzole with the effect most notable in patients who started the medication early in the disease (Hinchcliffe and Smith, 2017). Unfortunately, most of these real-world studies focused their analysis only on the efficacy of riluzole, not reporting direct information useful to better characterise its use in clinical practice, particularly in terms of contraindications in ALS patients and off-label use in o-MNDs. Consequently, the safety of riluzole use in the aforementioned clinical settings is still understudied.
STRENGTHS AND LIMITATIONS
Several limitations of our study must be noted. In particular, they may derive from the use of administrative data sources. In fact, claims data could be associated with the risk of underestimation with respect to drug prescribing or retrieval of chronic conditions, such as renal or liver impairments. Consequently, we may have underestimated the phenomenon of riluzole prescribing in presence of contraindications in ALS. This may also have influenced the detection of patients affected by o-MNDs and treated with riluzole. Furthermore, due to the lack of information regarding individual doses prescribed to patients, it was not possible to investigate whether doses were reduced in patients with liver and renal impairment. Additionally, another important limitation could be represented by the lack of information on concomitant diseases and medications, thus not allowing us to investigate both the presence of potential drug-disease and drug-drug interactions, which may have somehow influenced the use of riluzole in this subset. More details about the other medications would also be helpful to understand the clinical complexity of subjects affected by ALS in Italy. Finally, for subjects diagnosed with ALS for more than 5 years, information regarding the onset of contraindications and the start of riluzole prescriptions were not considered. All these limitations may have different impacts in the three regions, because traceability of drug claims depends on the administrative procedures underlying drug registration under different reimbursement policies (Prada et al., 2017). Moreover, drugs administered to in-patients are generally not retrievable at patient level. On the contrary, our analysis is the only one that provided real-world data on the use of riluzole in ALS individuals considering for each subject the time from ALS diagnosis, presence of tracheostomy, liver and/or renal impairment, thus allowing us to better evaluate the use of riluzole in presence of contraindications. Furthermore, its off-label use was also described in o-MND individuals, making this analysis the first one of its kind.
CONCLUSION
This descriptive analysis highlights that riluzole use in ALS individuals in the presence of contraindications is rare in the 3 Italian regions, with slightly greater use in the presence of renal failure, especially in Umbria. Off-label riluzole use in o-MND was found to be non-negligible, with variations between sexes and regions. Our observations may be partially explained by the lack of specific disease modifying medications in o-MND, and differences between regional health policies.
Larger population-based studies are recommended to determine the use of riluzole in real-life conditions, improving our knowledge on both its patterns and safety of use in different clinical settings. In a next step, we will address the question whether riluzole can increase survival even in tracheostomies or in those who have been diagnosed for over 5 years.
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