
Lessons learned from development of a genetically targeted 
therapy for SOD1 ALS

Precision Medicine in Neuroscience: Tools, Translation, and Implementation
National Academy of Medicine
March 4, 5th, 2026

Toby Ferguson, MD, PhD



Disclosures

I am a current employee of Alnylam Pharmaceuticals and past employee of Biogen and Voyager Therapeutics. 



3

ALS is a fatal disease characterized by loss of motor neurons and muscle 
weakness

ALS is a progressive disease with no 
natural history of sustained plateaus or 
improvement

Weakness leads to difficulty breathing, 
swallowing, and moving

ALS is uniformly fatal 
typically from respiratory 
failure 3-5 years from 
symptom onset

Al-Chalabi and Hardiman Nature Reviews Neurology 2013
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SOD1 ALS is rare but genetic testing facilitates a trial in the SOD1 
population

• SOD1 discovered as first genetic cause of ALS (1993), genetic 
testing now widely available 

• SOD1 ALS is rare
• ~300-600 US
• ~1,000 Europe
• ~500 Japan

1

1 CDC National ALS Registry 2026 
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Mutations of SOD1 lead to production of a toxic protein species
Knockdown of SOD1 is appropriate therapeutic approach 

Mutant SOD1 accumulates in motor neurons Loss of enzyme activity not linked to disease

Benatar et al., 2025
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Tofersen is an ASO that targets knockdown of SOD1 mRNA

ALS
18,000 people

In US1

Orphan Criteria
<200,000 in US

Tofersen FDA Advisory Committee 
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Neurofilaments are a marker of motor neuron integrity and injury

Wellman et al., 2024
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Neurofilament levels are prognostic for survival in ALS
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VALOR and its open label extension were conducted to evaluate 
tofersen in adults with SOD1-ALS

Tofersen FDA Advisory Committee 
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Statistical significance was not achieved on the primary endpoint in VALOR
VALOR, FPS (mutation/slope)

Tofersen FDA Advisory Committee 
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Tofersen reduces CSF SOD1 and plasma neurofilament

Miller TM et al. NEJM 2022
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Integrated VALOR+OLE analyses



13

Delayed start analysis consistent with  Tofersen benefit 

Miller TM et al. NEJM 2022
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Tofersen Approved

Tofersen Approved by FDA 25 April 
2023 under accelerated approval 
mechanism

Tofersen received European 
Commission Approval  30 May 2024
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Using baseline neurofilament to control for disease 
heterogeneity 

Tofersen FDA Advisory Committee 
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Effect on muscle strength (HHD)
Combined VALOR+OLE; ITT population

Tofersen FDA Advisory Committee 
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Tofersen post-approval efficacy consistent with VALOR including 
biomarkers and clinical improvement

Meyer T et al. Muscle & Nerve 2024

ALSFRS-R NFL SVC

8/16 stable or improved 8/16 stable or improved
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Reinnervation may account for increases in strength

Tofersen FDA Advisory Committee 
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Conclusions

• Tofersen is the first genetically targeted ALS therapy and is approved in the USA 
(accelerated approval) and EU (exceptional circumstances) as well as in Japan and 
China more recently.

• Tofersen efficacy (USA) is subject to confirmation based on ongoing ATLAS study in 
presymptomatic SOD1 ALS

• Tofersen, as evidenced by neurofilament reduction, is a disease modifying therapy 
and clinical improvement has been observed in multiple people with SOD1 ALS 

• Neurofilament is an important biomarker of therapeutic response and prognosis in 
ALS



C O N F I D E N T I AL20

Study duration was short and contributed to failed primary outcome
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In SOD1-G93A transgenic mice, tofersen reduced NF levels, 
preserved motor units, and prolonged survival
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In SOD1-G93A transgenic mice, tofersen dosed after CMAP decline 
lead to improved CMAP

McCampbell et al., 2018
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Preclinical testing is critical to demonstrate intended therapeutic 
behaves as predicted

McCampbell et al., 2018

SOD1 Reduction in Primate
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In the phase 1/2 clinical study, tofersen reduced levels of CSF SOD1 
and plasma NfL

Tofersen FDA Advisory 
Committee 
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Neurofilament levels correlate with disease progression rate in ALS
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Greater differentiation observed in faster progression subgroup with baseline 
plasma NfL incorporated as covariate
VALOR, FPS (mutation/slope)

Tofersen FDA Advisory Committee 
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Tofersen Post-Approval efficacy consistent with VALOR including 
biomarkers and clinical improvement

Smith et al., 2025
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Treatment of c9orf72 ALS with an ASO increased NfL and was 
consistent with clinical observations 

Neurofilament ALSFRS-R

van den Berg et al., 2024
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AMX0035 positive phase 2 data was not reproduced in phase 3 
study

Phase 2 Centaur Study: primary endpoint1 Phase 3 Phoenix Study: primary 
endpoint1 

1Results From the Global Phase 3 Trial Evaluating Sodium Phenylbutyrate and Ursodoxicoltaurine in ALS ENCALS 2024 

No difference in NfL observed in Centaur 
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Neurofilament levels are elevated prior to onset of clinical ALS

Tofersen FDA Advisory Committee 



31

ATLAS Study is confirmatory study designed to confirm tofersen 
efficacy

Tofersen FDA Advisory Committee 
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