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• Guideline on clinical investigation of medicinal products for the treatment of amyotrophic 
lateral sclerosis (ALS) (EMA, June 2016)

• Trial duration depends on the expected rate of progression which in turn depends on the population included. 
Study duration of 12-18 months may be sufficient. However, it is recommended to check during the trial whether 
the progression rates are in accordance with the assumptions. Such a blinded interim analysis should only be used 
for sample size re-estimation if necessary but not for stopping the trial for efficacy. Moreover, an 
extended follow-up may be needed to generate further survival data (see section on endpoints and 
methodological considerations below). 

Regulatory authority suggestions: EMA



• Amyotrophic Lateral Sclerosis: Developing Drugs for Treatment Guidance for Industry (FDA, 
September 2019)

• Given the typically rapid progression of disease in ALS patients (recognizing considerable heterogeneity in the 
course of individual patients), it is feasible and most efficient to establish a clinical benefit based on clinical 
endpoints capable of supporting full approval, even if the benefit is modest. In general, that benefit can be 
established in trials of practicable size and duration (i.e., 6 to 12 months). 

Regulatory authority suggestions





Biological understanding

Lack of effective preclinical models

Clinical and biological heterogeneity

Pitfall in trials design, including the absence of 
a biomarker

May NfL be the right biomarker?

Wong et al, Brain Commun 2022

Obstacles toward an effective therapy in ALS



Pitfalls of ALS clinical trials in ALS

Chiò et al, Neuropharmacology 2020



Outcome measures in ALS clinical trials

Chiò et al, Neuropharmacology 2020



Why biomarkers for ALS trials?

• Biomarkers for patients’ stratification

• Biomarkers measuring the biological effect of the 
investigational drug

• Crucial for phase I and II trials

• Biomarkers sensible to disease progression

• Reliable proxy of clinical measures

• Easily assessable throughout the trial

• Affordable in each centre

• Non-invasive as possible for the patient



Outcome measures in ALS: where are we now?
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FDA Advisory Committee 
statement plasma NfL 
concentration in tofersen-
treated patients is reasonably 
likely to predict clinical benefit 
of tofersen for treatment of 
patients with SOD1-ALS



Heterogeneity of ALS 



Possible reasons for negative results 
of trials in ALS

• Rationale
• Inadequate drug passage of the blood-brain barrier

• Pharmacological interactions (riluzole, edaravone, other 
drugs)

• Inadequate dose (too low)

• Drug not tolerated at the active dose (drug toxicity)

• Inadequate pharmacokinetics

• Pharmacogenetics issues

Chiò et al, Neuropharmacology 2020



Possible reasons for negative results 
of trials in ALS

• Pharmacological issues
• Insufficient overall rationale

• Insufficient, negative or misinterpreted data from 
studies on preclinical models

• Misinterpretation of phase 1 or 2 trial findings

• Excessive reliance on post-hoc analysis of phase 1 or 
phase 2 trial findings

Chiò et al, Neuropharmacology 2020



Possible reasons for negative results 
of trials in ALS

• Trial design issues
• Insufficient statistical power
• Inadequate number of patients enrolled
• Inadequate length of trial
• Inadequate exclusion/inclusion criteria
• Imbalance of concurrent treatments (riluzole, other)
• Failure of randomization (imbalance of treatment arms)
• Heterogeneity of sample population (phenotypic heterogeneity, 

inclusion of long survivors, inclusion of excessively advanced patients)
• Lack of pharmacological biomarkers (insufficient demonstration of the 

biological effect of the drug)
• Use of biomarkers insensitive to disease progression
• Non-generalizability of enrolled population
• Inadequacy of measure of efficacy
• Different populations from phase 2 to phase 3
• Heterogeneity of patients’ care by recruiting centers (lack of 

multidisciplinary treatment team)
• Excessive number of drop-outs / premature discontinuations

Chiò et al, Neuropharmacology 2020



Can clinical trial results extended to the whole 
ALS population?

Patients enrolled 

in clinical trials 

(n=164)

Patients included 

in the PARALS 

(overall) (n=813)

Patients included 

in the PARALS 

(trial entry 

criteria) *

(n=568)

p 

(trials vs. 

PARALS)

p 

(trials vs. 

PARALS entry 

criteria)

Mean age at 

onset, years (SD)

56.2 (10.2) 65.1 (11.1) 62.0 (9.5) 0.0001 0.0001

Mean onset-

diagnosis delay 

(SD)

13.1 (9.3) 10.1 (8.9) 9.4 (8.1) 0.003 0.0001

Bulbar onset (%) 25 (15.2%) 266 (32.7%) 176 (31.0%) 0.0001 0.0001

Women (%) 61 (37.2%) 380 (46.7%) 267 (47.0%) 0.04 0.02

Frequency (%) of 

fALS

14 (8.5%) 39 (4.8%) 29 (5.1%) 0.05 0.05

Difference between 
patients enrolled in trials 
and registry patients

Chiò et al. ALS clinical trials: do enrolled patients accurately represent the ALS population? Neurology 2011



Difference of survival between patients recruited in trials 
and patients in the Piemonte ALS register

p=0.0001

Patients included 

in trials

Patients of the 

epidemiological 

register

Chiò et al. ALS clinical trials: do enrolled patients accurately represent the ALS population? Neurology 2011



• Exclusion rates range between 30 and 95% 
and tend to be higher in more recent trials

• Used eligibility criteria reduce the 
heterogeneity in survival by only 6.9% (i.e. 
median survival time from 22 to 20.5 months)

• Both fast- and slow-progressors are enrolled

Van Eijk et al. Refining eligibility criteria for amyotrophic lateral sclerosis clinical trials. Neurology 2019



Trial enrollment criteria determine patients' selection

Torrieri et al. Tailoring patients’ enrollment in ALS clinical trials: the effect of disease duration and vital capacity cutoffs. 
Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration 2021

Blue: Slow progressors (ΔALSFRS <0.3)
White: Intermediate progressors (ΔALSFRS
between 0.3-0.9)
Red: Fast progressors (ΔALSFRS >0.9)

Study population: patients of the Piemonte ALS register, 
2000-2017



Available disease-modifying therapies for ALS



Riluzole - 1997

+10% at 1 

year

+3 months



Retrospective analysis on the original trial

Riluzole

Fang et al, Lancet Neurol 2018 



Edaravone



Mechanism of action

• Free radical scavenger

• Marketed in Japan in 2002 for acute 
treatment of ischemic stroke

• Positive findings in preclinical models 
(SOD1 mouse, Ito et al, 2008; wobbler mouse, 
Ikeda & Iwasaki, 2015)

• Biological marker: reduction of 3-
nitrosine in CSF in patients in phase II 
study (however, the analysis was not 
repeated in subsequent studies) (Yoshino 
& Kimura, 2006)



Post-hoc 
analysis (not 
preplanned)

Abe et al. Confirmatory double-blind, parallel-group, placebo-controlled study of efficacy and safety of edaravone (MCI-186) in amyotrophic lateral sclerosis patients ALS 2014

The first, negative, 
trial (NCT00330681)



Eligible patients were 

1. aged 20–75 years. 

2. independent living status (grade 1 
or 2 in the Japan ALS Severity 
Classification).

3. decrease in the ALSFRS-R score of 
1–4 during a 12-week observation 
period. 

4. eligible patients also had scores of 
at least 2 on all 12 items of ALSFRS-
R. 

5. FVC of at least 80%. 

6. definite or probable ALS according 
to the El Escorial and revised Airlie 
House criteria.

7. duration of disease from the first 
symptom (any ALS symptom) of 2 
years or less. 

ALS 19 Study Group. Safety and efficacy of edaravone in well defined patients with amyotrophic lateral sclerosis: a randomised, 
double-blind, placebo-controlled trial Lancet Neurol 2017

The second, enriched, trial (NCT01492686)



Efficacy

• 2.5 points at ALSFRSr after six 
months (edaravone vs placebo)

• No significant difference in FVC 
and grip strength

ALS 19 Study Group. Safety and efficacy of edaravone in well defined patients with amyotrophic lateral sclerosis: a randomised, 
double-blind, placebo-controlled trial Lancet Neurol 2017



MCID - ROADS and ALSFRSr scales

• Minimal important difference (MID), or the 
smallest amount of change that is 
clinically relevant, was assessed based on 
patient reported impression of change for 
ROADS and ALSFRS-R.  

• Minimal detectable change (MDC), the 
smallest amount of change exceeding the 
threshold for measurement error, was 
assessed for ROADS and ALSFRS-R 
using standard deviations for participants 
self-rated as “unchanged”

• Changes that are on average less than 
5.81 points (3.98%) on the normed 
ROADS score or less than 3.24 points 
(6.75%) on the ALSFRS-R sum-score 
may not be clinically meaningful according 
to a patient-defined approach.

Fournier et al. Clinically meaningful change: evaluation of the Rasch-built Overall Amyotrophic Lateral Sclerosis Disability Scale (ROADS) and the ALSFRS-R. ALS 2023
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Phenylbutirrate + TURSO 
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PB-TURSO Targets Key Convergence Sites 

for Multiple Pathways Underlying ALS 

• PB-TURSO simultaneously 
mitigates ER stress and 
mitochondrial dysfunction

• Targeting the ER and 
mitochondria has the potential 
to impact both upstream and 
downstream ALS pathways

TDP-43 

aggregates

31
1. Kiernan MC, et al. Nat Rev Neurol. 2020;1-15. 2. Smith EF, et al. Neurosci Lett. 2019;710:1-17. 
3. Manfredi G, Kawamata H. Neurobiol Dis. 2016;90:35-42. 4. Paganoni S, et al. NEJM. 2020;383:919-930. 

PB-TURSO



Sodium phenilbutyrrate + TURSO

Entry criteria

• Age >18 years

• Definite ALS

• <18 months disease 
duration

• SVC >60%

Paganoni et al. rial of Sodium Phenylbutyrate–Taurursodiol for Amyotrophic Lateral Sclerosis N Engl J Med 2020



The CENTAUR Trial results
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Paganoni S, et al. NEJM. 2020;383:919-930. Paganoni  S, et al. Muscle Nerve. 2021;63:31-39.doi:10.1002/mus.27091. van den Berg LH, et al. Design of the international, randomized, placebo-
controlled phase 3 PHOENIX trial of AMX0035 in amyotrophic lateral sclerosis. Abstract presented at ENCALS Virtual Meeting, May 12-14, 2021.



Centaur trial: analysis of survival by means of RPSFTMs 
(rank-preserving structural failure time models)  
analyses

Paganoni et al. Survival analyses from the CENTAUR trial in amyotrophic lateral sclerosis: Evaluating the impact of treatment crossover on outcomes. Muscle and Nerve, 2022

Before RPSFTMs      
+ 6.9 months
After RPSFTMs 
+10.2 months



PHOENIX Study Design

Primary Objectives

• To determine the safety and tolerability of PB-TURSO

• To measure the impact of PB-TURSO on ALSFRS-R score at 48 weeks with 
joint assessment of function and survival

3

5

Randomized Period

48 weeks

Screen for eligibility 

Key inclusion criteria:

• Definite ALS or clinically probable 
ALS, El Escorial criteria

• ≤24 months from symptom onset

• SVC >55%

Randomization 3:2

Placebo
(n=240)

PB-TURSO
(n=360)

Long-term all-cause mortality will be assessed 
beyond the planned 48-week follow-up

Primary Efficacy Outcome
To measure the impact of PB-TURSO on ALSFRS-R 
score at 48 weeks with joint assessment of 
function and survival

Secondary Efficacy Outcomes
• SVC

• Patient reported outcomes (ALSAQ-40, EQ-5D, 
and EQ-VAS)

• Time to transition through King’s and MiTos 
stages

• Time to death, tracheostomy, or PAV*

*PAV (>22 h/d for >7 days) 

ALSAQ-40,  40-item ALS Assessment Questionnaire; EQ-5D, EuroQol 5-Dimension; EQ-VAS, EuroQol Visual Analogue Scale; PAV, permanent assisted ventilation;  SVC, slow vital capacity. 

Screening Period

≤ 6 weeks



Tofersen 





Tofersen: from phase ½ to phase 3

Miller et al. Phase 1-2 Trial of Antisense Oligonucleotide Tofersen for SOD1 ALS . N Engl J Med 2020 



Miller et al. Trial of Antisense Oligonucleotide Tofersen for SOD1 ALS. N Engl J Med 2022



Miller et al. Trial of Antisense Oligonucleotide Tofersen for SOD1 ALS. N Engl J Med 2022



Miller et al. Trial of Antisense Oligonucleotide Tofersen for SOD1 ALS. N Engl J Med 2022



Results

Target engagement NfL, Biomarker of axonal damage

Miller et al. Trial of Antisense Oligonucleotide Tofersen for SOD1 ALS. N Engl J Med 2022



Results

Miller et al. Trial of Antisense Oligonucleotide Tofersen for SOD1 ALSN.  Engl J Med 2022



Presymptomatic treatment of SOD1 carriers

The study was designed in collaboration with Dr. 

Michael Benatar and informed by data from the 

University of Miami’s Pre-FALS study 2,3

ATLAS is being designed to evaluate whether 

tofersen, when initiated in presymptomatic carriers 

of rapidly progressive SOD1 mutations and 

biomarker evidence of disease, can delay clinical 

onset and/or slow the progression of disease 

Study objectives

SOD1 A4V

FUS
SOD1 non-A4V
C9orf72



New ALS therapies in the pharmacological 
armamentarium

• After more than 25 years, in USA 4 drugs registered for ALS are now 
available

• However, as always in medicine , this positive novelties carries new 
issues 



The other side of the coin

• New challenges faces the clinicians, pwALS 
and their caregivers

• What’s the better drug for each pwALS?

• Which is the better way to discuss with pwALS 
and their caregiver about the efficacy and side 
effects of available drugs? 

• Drug combination may prove additive effects?

• What are the possible harms in combining drugs?

• Will be drugs reimbursed by insurances to all 
patients or only to a subset of them?





Right-to-try

• Right-to-try laws are U.S. state and Federal laws that were created 
to let terminally ill patients try experimental therapies (drugs, 
biologics, devices) that have completed Phase I testing but have not 
been approved by the Food and Drug Administration (FDA). The 
value of these laws has been questioned on multiple grounds, 
including the fact that pharmaceutical manufacturers would have no 
obligation to provide the therapies being sought.

https://en.wikipedia.org/wiki/Experimental_drug
https://en.wikipedia.org/wiki/Phases_of_clinical_research#Phase_I
https://en.wikipedia.org/wiki/Food_and_Drug_Administration


Grazie per l’attenzione!
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