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Riluzole, disease stage and survival in ALS 
Following pivotal clinical trials in amyotrophic lateral 
sclerosis (ALS), approval of riluzole by the US Food and 
Drug Administration in 1995 was met with optimism. 
Despite being associated with a short survival benefit 
of 2–3 months equating to a 9% increase in 1-year 
survival,1,2 the subsequent adoption of riluzole as 
a treatment for ALS was perhaps reflective of a 
desperate need for therapeutic options in the face of 
this devastatingly progressive disease.3 More than two 
decades after riluzole was first approved for ALS, a more 
efficacious treatment is yet to be discovered. 

Despite increasing scientific rhetoric on the subject, the 
mechanism of therapeutic benefit afforded by riluzole 
remains undetermined. Several pathways have been 
postulated, ranging from central anti-glutaminergic 
modulation of excitotoxic pathways, mitochondrial 
function, and changes to fat metabolism, to peripheral 
axonal effects on persistent sodium channel function 
and potentiation of calcium-dependent potassium 
currents.4 To clarify the mechanism of action of riluzole 
in patients with ALS, a post-hoc study by Ton Fang 
and colleagues published in The Lancet Neurology5 
selectively explored the potential for riluzole to exert 
differential effects across disease stages. Analysing 
data from the original dose-ranging trial comprising 
959 patients randomly assigned to riluzole (50 mg/day, 
100 mg/day, or 200 mg/day) or placebo,6 Fang and 
colleagues showed that 100 mg/day of riluzole was 
associated with longer survival in the last clinical stage 
of ALS before death (stage 4) compared with placebo 
(hazard ratio 0·55, 95% CI 0·36–0·83; log-rank p=0·037). 
The time from stages 2 or 3 to subsequent stages or 
death did not differ between riluzole treatment groups 
and placebo. These findings suggest that the disease-
modulatory effects and survival benefits of riluzole occur 
in an advanced stage of disease. 

Although the earliest stage of ALS was not analysed 
in the current study by Fang and colleagues, findings 
from several open-label non-randomised trials have 
suggested that the greatest benefit occurs at earlier 
disease stages.7–9 Early disease modulation was also 
suggested by findings from another study,10 which 
showed that partial normalisation of central and 
peripheral dysfunction occurred in the first 8 weeks of 
riluzole use in patients with relatively early-stage ALS. 

The argument for earlier efficacy might seem more 
conceptually feasible than later effects, given the lower 
likelihood that any treatment could confer a significant 
neuroprotective effect within a severely depleted 
population of dead and dying motor neurons, such as 
might occur in the advanced disease stages of ALS. The 
contrasting notion proposed by Fang and colleagues,5 
suggesting benefit at the endpoint of the disease, 
warrants careful reconsideration of these hypotheses. 
Specifically, perhaps riluzole might affect or activate 
different therapeutic pathways dependent on disease 
stage. For example, modulation of excitotoxicity 
might be an early transient effect, with other molecular 
pathways becoming more involved later. Such a 
proposition would certainly be in keeping with the wide-
ranging, multimodal effect of riluzole on neural activity.4 

Fang and colleagues’ study challenges the current 
clinical landscape in ALS, in which prolongation of 
life at a time of severe, progressive disability might 
be considered less desirable for patients, their carers, 
and indeed, the treating clinicians. When discussing 
treatment options, patients and clinicians must also take 
into account the established absence of motor functional 
improvement determined through previous riluzole 
trials,6 an effect that might be justified by the proposed 
late-disease-modifying effect. Encouragingly, a meta-
analysis of riluzole1 has shown that small but significant 
functional improvements in bulbar and limb function 
independent of muscle strength occur with its use, with 
apparent subtype differences also emerging.7 Overall, 
these observations suggest the need for clarification of 
the mechanisms of action of riluzole in large prospective 
trials, surveying all clinical stages of ALS. 

Despite major clinical trial efforts and advancements 
towards understanding the genetic, epigenetic, and 
molecular pathways linked to ALS pathophysiology 
over the years, therapeutic translation has remained 
disappointingly slow. This is testament to the aetiological 
complexity and underlying heterogeneity of the disease.11 
The use of staging systems, as shown in Fang and 
colleagues’ study, is a potential platform that should 
be considered further. Although no universal system is 
currently recognised, improved disease-staging criteria 
might provide more robust frameworks to account for 
the heterogeneity of ALS,12 so that factors such as variable 
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rates of disease progression will not confound the 
benefits of a treatment effect or the timing for greatest 
efficacy. In the setting of the many forthcoming trials in 
ALS, such considerations will be important to achieve 
successful patient outcomes, and can only encourage 
the possibility of more targeted and effective treatment 
options in an era of precision medicine. 
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