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IMPORTANCE Approximately 2% of amyotrophic lateral sclerosis (ALS) cases are attributable
to a pathogenic variant in the superoxide dismutase 1 (SOD1) gene. Tofersen, an intrathecal
antisense oligonucleotide designed to reduce SOD1 protein synthesis, is the first and only
approved therapy for the treatment of ALS in adults who have a variant in the SOD1 gene.

OBJECTIVE To evaluate the long-term effects of tofersen in adults with SOD1-ALS.

DESIGN, SETTING, AND PARTICIPANTS The phase 3, randomized, double-blind,
placebo-controlled VALOR trial (A Study to Evaluate Efficacy, Safety, Tolerability,
Pharmacokinetics and Pharmacodynamics of Tofersen in SOD1-ALS; conducted from
March 2019 to July 2021) evaluated tofersen use over 28 weeks in adults (18 years and older)
with weaknesses attributable to ALS and a confirmed SOD1 pathogenic variant at 32 sites
in 10 countries; participants could then enroll in an open-label extension (OLE; completed
August 2024).

INTERVENTION AND EXPOSURE Adults with SOD1-ALS were randomly assigned 2:1 to receive
tofersen (100 mg) or placebo over a 24-week period in the VALOR study. All participants
in the OLE were treated with tofersen.

MAIN OUTCOMES AND MEASURES Integrated analysis of VALOR and the OLE study aimed
to compare early start vs placebo/delayed start (approximately 6 months later) treatment
with tofersen. Key efficacy end points included measures of axonal injury and
neurodegeneration (neurofilament), function and strength, quality of life, and survival.

RESULTS VALOR enrolled 108 participants with 42 unique SOD1 pathogenic variants (mean
[SD] age: placebo/delayed-start group 51.2 [11.6] [n = 36]; early-start group: 48.1 [12.6]
[n = 72]) with 19 (53%) and 43 (60%) of participants being male in the placebo/delayed-
and early-start groups, respectively. Overall, 95/108 participants (88%) enrolled in the OLE,
and 46 participants completed the OLE (early-start group, 34 [47%]; placebo/delayed-start
group, 12 [33%]). At OLE completion, participants could have accumulated 3.5 years or
more (range, 192-276 weeks) of follow-up from the start of VALOR. Over 148 weeks, earlier
initiation of tofersen (compared to later initiation) was associated with numerically less
decline in measures of clinical function (Amyotrophic Lateral Sclerosis Functional Rating
Scale–Revised score, −9.9 vs −13.5 points), respiratory function (slow vital capacity, −13.8%
vs −18.1%), muscle strength (handheld dynamometry megascore, −0.38 vs −0.43 points), and
quality of life (Amyotrophic Lateral Sclerosis Assessment Questionnaire 5 score, 17.0 vs 22.5
points; EuroQol 5 Dimension, 5 Level Questionnaire score, −0.1 vs −0.2 points). Tofersen
prolonged survival relative to the expected natural history of SOD1-ALS. Most adverse events
were consistent with ALS progression or known procedural adverse effects. All serious
neurological adverse events were reversible; few led to tofersen discontinuation.

CONCLUSIONS AND RELEVANCE Final data from VALOR and the OLE demonstrated the benefit
of tofersen in SOD1-ALS and provide clear rationale for its use in this population.
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JAMA Neurol. doi:10.1001/jamaneurol.2025.4946
Published online December 22, 2025. Corrected on January 26, 2026.

Editorial

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The VALOR and
OLE Working Group members appear
in Supplement 2.

Corresponding Authors: Timothy M.
Miller, MD, Department of Neurology,
Neuromuscular Medicine,
Washington University School
of Medicine in St Louis,
660 S Euclid Ave, Box 8111, St Louis,
MO 63110 (millert@neuro.wustl.edu);
Stephanie Fradette, PharmD, Biogen,
225 Binney St, Cambridge, MA 02142
(stephanie.fradette@biogen.com).

Research

JAMA Neurology | Original Investigation

(Reprinted) E1

Downloaded from jamanetwork.com by guest on 01/28/2026

https://www.clinicaltrials.gov/study/NCT02623699?id=NCT02623699&rank=1
https://www.clinicaltrials.gov/study/NCT03070119?id=NCT03070119&rank=1
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.4946?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.4946
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.4927?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.4946
https://jamanetwork.com/journals/neu/fullarticle/10.1001/jamaneurol.2025.4946?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.4946
mailto:millert@neuro.wustl.edu
mailto:stephanie.fradette@biogen.com


Amyotrophic lateral sclerosis (ALS) is a neurodegenera-
tive disease that results in motor neuron loss leading
to progressive loss of bulbar, respiratory, and limb

muscle function.1,2 Approximately 2% of ALS cases are asso-
ciated with pathogenic variants in the superoxide dismutase
1 (SOD1) gene, leading to a toxic form of the SOD1 protein.2-4

Over 200 ALS-associated SOD1 variants induce varying dis-
ease progression rates; aggressive ALS has an associated sur-
vival of less than 15 months from symptom onset.2,5

Tofersen is an intrathecally administered antisense oligo-
nucleotide designed to reduce SOD1 protein synthesis by in-
ducing RNase H–mediated degradation of SOD1 messenger
RNA.6 The efficacy, safety, tolerability, pharmacokinetics, and
pharmacodynamics of tofersen were previously investigated
in a 3-part study; part C was the pivotal phase 3 trial investi-
gating efficacy and safety of tofersen in adults with SOD1-ALS
(A Study to Evaluate Efficacy, Safety, Tolerability, Pharmaco-
kinetics and Pharmacodynamics of Tofersen in SOD1-ALS
[VALOR]: ClinicalTrials.gov NCT02623699).7,8 At the end of
VALOR, participants could enroll in an open-label extension
(OLE; ClinicalTrials.gov NCT03070119).8 VALOR and OLE
data were prospectively integrated to evaluate the impact of
earlier vs delayed tofersen initiation; 1-year findings have been
reported.8 Here, we report final integrated results from VALOR/
OLE informing the long-term effects of tofersen.

Methods
Trial Oversight
Studies were conducted in accordance with the Good Clinical
Practice guidelines of the International Council for Harmoni-
sation and the ethical principles outlined in the Declaration
of Helsinki. Study protocols were approved by relevant eth-
ics committees. An independent data monitoring committee
reviewed safety data. Written informed consent was pro-
vided by participants or their legal representatives.

Trial Design
The VALOR/OLE study design has been reported.8 Briefly,
following the 28-week, phase 3, randomized, double-blind,
placebo-controlled study that included individuals with con-
firmed pathogenic or likely pathogenic ALS-associated SOD1
variants, participants could enroll in the OLE. The OLE study
personnel, participants, and caregivers remained blinded to
the VALOR randomized assignment. The OLE was completed
in August 2024 when the last enrolled participant had the op-
portunity for their week 192 post-VALOR visit. VALOR/OLE
integrated analyses evaluated early-start (tofersen initiated dur-
ing VALOR) and placebo/delayed-start (tofersen initiated
during the OLE, approximately 6 months later) groups.

End Points
End points assessed in the VALOR/OLE integrated analysis in-
cluded changes from baseline in key biomarkers of target en-
gagement (total SOD1 protein) and neurodegeneration (plasma
neurofilament light chain [NfL] levels); clinical function (Amyo-
trophic Lateral Sclerosis Functional Rating Scale–Revised

[ALSFRS-R] score); respiratory strength (percentage of pre-
dicted slow vital capacity [SVC]); muscle strength (handheld
dynamometry [HHD]); and survival. Survival measures in-
cluded time to death; time to death or permanent ventilation
(PV; ≥22 hours of mechanical ventilation per day for ≥21 con-
secutive days); and time to death, PV, or study withdrawal
due to disease progression (as determined by the principal
investigator).

Health-related quality of life (QoL) was assessed using
the Amyotrophic Lateral Sclerosis Assessment Questionnaire
5 (ALSAQ-5), Fatigue Severity Scale (FSS) total scores, and
the EuroQol 5 Dimension, 5 Level Questionnaire (EQ-5D-5L)
utility score. Responder analyses for ALSFRS-R, SVC, and HHD
assessed the proportion of participants with stabilization
(and/or improvement) (eMethods in Supplement 1).

Statistical Analysis
Integrated analyses of data from VALOR/OLE followed the in-
tegrated statistical analysis plan to inform the effects of tofersen
over time. At OLE completion, participants had the opportu-
nity for 3.5 years or more of follow-up from VALOR start. To
minimize risk of bias and preserve original randomization in
VALOR, integrated analyses were based on the intention-to-
treat (ITT) principle.

Participants were divided into cohorts according to base-
line NfL level, a strong prognostic biomarker of disease pro-
gression and survival (eMethods in Supplement 1). Slower-
and faster-progressing groups were defined as those below and
above the median baseline plasma NfL level, respectively. This
approach better accounted for disease heterogeneity than that
used in VALOR (subgroups by SOD1 variant type and ALFSRS-R
prerandomization slope). An overview of the proportion
of participants from the original modified ITT (mITT) and
non-mITT populations included in the faster and slower-
progressing subgroups defined by NfL level is presented in
eTable 3 in Supplement 1. Statistical procedures have been
described previously.8

Analysis of covariance (ANCOVA) was conducted on
changes from VALOR baseline to week 148 in measures of func-
tion, strength, and QoL. SVC and HHD were assessed every

Key Points
Question What are the long-term effects of early-start and
placebo/delayed-start tofersen treatment in adults with SOD1
amyotrophic lateral sclerosis (ALS)?

Findings This integrated analysis of the phase 3, randomized,
double-blind, placebo-controlled VALOR study and its open-label
extension (OLE) found that participants with earlier initiation of
tofersen exhibited numerically less decline in function, strength,
and risk of death-equivalent events than participants in the
placebo/delayed-start group (tofersen initiated approximately
6 months later), consistent with a slowing of disease progression.
No new safety concerns were identified with long-term exposure
to tofersen.

Meaning Final data from VALOR and its OLE demonstrated
the benefit of tofersen treatment for adults with SOD1-ALS and
provide a clear rationale for starting therapy in this population.
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3 months (vs monthly) to reduce participant burden. Conse-
quently, week 148 was selected for the main analysis as it was
the last time point with sufficient data across all clinical end
points. Event-free survival analyses included all follow-up data
through last contact for the last participant (week 276). Miss-
ing data were handled using multiple imputation. Compari-
sons of clinical function, strength, and QoL between the early-
start and placebo/delayed-start groups were reported as the
least squares (LS) mean difference with corresponding 95% CIs
and nominal P values. The treatment effect of tofersen on the
ALSFRS-R total score (change from baseline) was analyzed
using the joint rank test for further statistical inference. Par-
ticipants who died were assigned progressively lower ranks
based on their time of death. Responder analyses assessed the
proportion of participants with stabilization or improvement
(baseline to week 148 change ≥0) in function or improvement
(baseline to week 148 change ≥0) in function, strength, and
QoL. Deaths or withdrawals before week 148 were consid-
ered nonresponders. All other missing data were handled using
multiple imputation.

Time-to-event analyses were performed in the ITT popu-
lation comparing the treatment difference of early-start to pla-
cebo/delayed-start groups on survival end points. Despite long-
term follow-up, median time to death or death-equivalent
event (ie, PV or withdrawal due to disease progression) was
not estimable in the full ITT population due to few events.
Event-free survival extension estimation was analyzed in the
NfL faster-progressing subgroup where median time to death
or PV and median time to death were reached in both treat-
ment arms.

Results

Participants
VALOR enrolled 108 participants across 32 sites in 10 coun-
tries (tofersen, 100 mg: n = 72; placebo: n = 36) (mean [SD]
age: placebo/delayed-start group 51.2 [11.6] [n = 36]; early-
start group: 48.1 [12.6] [n = 72]). In the placebo/delayed-start
group, 19 participants (53%) were male and 17 (47%) were
female; in the early-start group, 43 (60%) were male and 29
(40%) were female. Overall, 97 of 108 (90%) participants
completed VALOR, and 95 of 108 (88%) enrolled in the OLE.
At OLE completion, the median opportunity for follow-up
(time from VALOR baseline to OLE completion per partici-
pant) was 4.9 years (range, 3.6-5.4 years), and 46 participants
completed the study (early start: 34 [47%]; placebo/delayed
start 12 [33%]) (eFigure 1 in Supplement 1). Participants
who completed the study had a variable length of clinical
follow-up from VALOR baseline (range, 3.5-5.4 years). Most
premature discontinuations from the OLE study were due to
death, disease progression, and withdrawn consent (eTable 1
in Supplement 1).

As previously reported,8 baseline clinical characteristics
were similar across groups for use of riluzole, edaravone,
or both; time from symptom onset of disease weakness;
ALSFRS-R score; and percentage of predicted SVC (Table 1).
However, baseline NfL concentrations were approximately
12% numerically higher for participants in the early-start
group. In multiple ALS studies,9-11 increased baseline NfL
has been found to be associated with faster progression.

Table 1. Baseline Demographic Characteristics at VALOR Enrollment

Characteristic

ITT (n = 108)

Subgroup (NfL based)a

Faster progressing (n = 54) Slower progressing (n = 54)
Placebo/delayed
start
(n = 36)

Early start
(n = 72)

Placebo/delayed
start
(n = 16)

Early start
(n = 38)

Placebo/delayed
start
(n = 20)

Early start
(n = 34)

Age, mean (SD), y 51.2 (11.6) 48.1 (12.6) 50.4 (11.9) 47.3 (13.2) 51.8 (11.5) 48.9 (12.1)

Sex, No. (%)

Male 19 (53) 43 (60) 7 (44) 21 (55) 12 (60) 22 (65)

Female 17 (47) 29 (40) 9 (56) 17 (45) 8 (40) 12 (45)

BMI, mean (SD) 27.4 (6.5) 26.4 (5.6) 25.7 (6.0) 26.2 (6.3) 28.8 (6.7) 26.4 (4.8)

Riluzole use, No. (%) 22 (61) 45 (62) 11 (69) 21 (55) 11 (55) 24 (71)

Edaravone use, No. (%) 3 (8) 6 (8) 1 (6) 2 (5) 2 (10) 4 (12)

Time from symptom
onset, median
(range), mo

14.6 (2.4-103.2) 11.4 (1.7-145.7) 10.3 (2.4-30.3) 8.9 (2.3-59.9) 31.7 (3.0-103.2) 28.9 (1.7-145.7)

Concentration of NfL
in plasma, pg/mL

Mean (SD) 89.7 (86.5) 100.4 (82.8) 160.3 (85.5) 159.4 (73.7) 33.1 (20.9) 36.2 (21.9)

Geometric mean 56.6 66.6 145.3 143.5 26.9 28.5

Range 7.9-370.4 5.2-328.8 78.2-370.4 77.5-328.8 7.9-70.4 5.2-73.7

ALSFRS-R total score,
mean (SD; range)

37.3 (5.8;
24.0-47.0)

36.9 (5.9;
15.0-48.0)

34.5 (5.8;
24.0-42.0)

36.4 (6.6;
15.0-46.0)

39.6 (4.9;
32.0-47.0)

37.5 (5.1; 25-48)

Percentage of predicted
SVC, mean (SD; range)

85.1 (16.5;
54.8-120.4)

82.1 (16.6;
46.7-134.7)

81.8 (19.6;
54.8-120.4)

82.6 (17.2;
46.7-134.7)

87.8 (13.5;
67.4-114.4)

81.5 (16.2;
55.4-108.9)

Abbreviations: ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating
Scale–Revised; BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); ITT, intention-to-treat; NA, not available;
NfL, neurofilament light chain; SVC, slow vital capacity.

a NfL-based subgroups are based on median baseline NfL (slower-progressing
subgroup, <75.6 pg/mL; faster-progressing subgroup, �75.6 pg/mL).
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Cerebrospinal Fluid SOD1 Protein
Reductions in total cerebrospinal fluid (CSF) SOD1 protein be-
came apparent by approximately 8 weeks of treatment, con-
sistent with the estimated time to steady-state concentra-
tions of tofersen in CSF and estimated half-life of SOD1 protein
(each approximately 1 month). Early reductions in CSF SOD1
concentrations were sustained at week 148, with a reduction
of 21% and 25% in the early-start and placebo/delayed-start
groups, respectively (eFigures 2 and 3 in Supplement 1).

Plasma NfL
Maximal reductions in plasma NfL were observed approxi-
mately 16 weeks after treatment initiation and sustained over

time. Specifically, reductions in plasma NfL from baseline to
week 148 were 67% in the early-start and 64% in the placebo/
delayed-start groups (Figure 1A). These data suggest that
tofersen slowed neurodegeneration, without evidence of ef-
fect attenuation over time.

Clinical Function and Strength
Given the small number of participants in the trial, and all par-
ticipants having the opportunity to receive tofersen for 2.5 or
more years, the studies were not powered to detect statisti-
cally significant differences between the early-start (≥3 years
taking the drug) and placebo/delayed-start (0.5 years placebo
and ≥2.5 or more years taking the drug) groups. Over 148 weeks,

Figure 1. Change in Outcomes From Baseline to Week 148
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earlier initiation of tofersen (compared to later initiation) was
associated with numerically less decline in measures of clini-
cal function (ALSFRS-R score, −9.9 vs −13.5 points), respira-
tory function (SVC, −13.8% vs −18.1%), muscle strength (HHD
megascore, −0.38 vs −0.43 points), and QoL (ALSAQ-5 score, 17.0
vs 22.5 points; EQ-5D-5L score, −0.1 vs −0.2 points) (Figure 1B-D;
Table 2). Numerical favoring of the early-start group was ob-
served across populations (ITT; faster-progressing [NfL > me-
dian] and slower- progressing [NfL < median] subgroups) re-
gardless of the covariates incorporated into the analyses
(eFigures 4-6 in Supplement 1).

Many participants experienced improvement on mea-
sures of clinical function, breathing, and strength ranging from
10.7% to 17.3% and 21.0% to 27.3% in the placebo/delayed-
and early-start group, respectively (Table 2; eTable 4 in Supple-
ment 1). The slower progressing subgroup generally showed
greater improvement. To contextualize strength improve-
ments, in the early-start group, a prior investigation fit model
using clinical outcome data (accounting for dropout) from
the dexpramipexole A Randomized, Double-Blind, Placebo-
Controlled, Multi-Center Study of the Safety and Efficacy of
Dexpramipexole in Subjects With Amyotrophic Lateral Scle-
rosis (EMPOWER) study was analyzed.12 Based on the model
parameters, 1 million hypothetical trials with 72 participants
each were simulated. The probability of 27.3% of untreated in-
dividuals with ALS experiencing an improvement in HHD
over 1 year was calculated to be 0% (P < .001). HHD data were
only collected through 1 year in EMPOWER, thus precluding
an assessment at approximately 3 years in line with the
VALOR/OLE follow-up period, but the probability would likely
be even lower at approximately 3 years given the progressive
nature of the disease.

QoL
ALS substantially worsens QoL across multiple domains, and
studies generally link better QoL with less severe disease
and worse QoL with later stages of ALS (eMethods in
Supplement 1).13,14 At week 148, mean differences between
groups on ALSAQ-5 (–5.5) and EQ-5D-5L (0.1) favored the early-
start group, and on FSS (4.3) favored the placebo/delayed-
start group (eFigure 7 in Supplement 1).

Event-Free Survival
Limited death-equivalent events precluded estimation of
median time to death or PV (or time to death) in both groups
of the ITT population (Figure 2). However, median time to
death, PV, or withdrawal due to disease progression was
reached in the early-start group, estimated at 260.7 weeks.

Notably, comparisons of early-start and placebo/delayed-
start tofersen treatment were associated with a hazard ratio
(HR) of 0.64 (95% CI, 0.28-1.46) for risk of death or PV and 0.52
(95% CI, 0.20-1.36) for risk of death (Table 2). In the faster-
progressing subgroup, median time to event (death or PV;
death; death, PV, or withdrawal due to disease progression) was
longer in the early-start group (253.6 weeks, 253.6 weeks, and
103.6 weeks, respectively) than the placebo/delayed-start group
(76.0 weeks, 115.4 weeks, and 57.3 weeks, respectively), rep-
resenting extended event-free survival (by approximately

3.4 years, by approximately 2.65 years, and by approximately
0.89 years, respectively). In the slower-progressing sub-
group, median time to event was not reached in either treat-
ment group.

Safety
At study completion, 104 of 108 participants from VALOR re-
ceived 1 or more dose of tofersen, 100 mg, and were exposed
to tofersen over approximately 305.35 participant-years
(median exposure, approximately 181.71 weeks). Most ad-
verse events (AEs) were consistent with ALS disease progres-
sion, conditions in the general population, or known adverse
effects of lumbar puncture (Table 3). The most common AEs
included headache, procedural pain, fall, back pain, and pain
in the extremities.

Overall, 9 participants (8.7%) reported 10 serious neuro-
logical AEs, including myelitis or radiculitis, papilledema and/or
increased intracranial pressure, and chemical or aseptic men-
ingitis. These events were manageable with local standard of
care and resolved. One myelitis event and 1 chemical menin-
gitis event led to treatment discontinuation. These findings
are consistent with VALOR/OLE safety findings previously
reported.15

Eighty-three of the 104 participants (79.8%) who re-
ceived tofersen, 100 mg, in VALOR/OLE had 1 or more in-
stance of postbaseline elevation of CSF leukocytes greater
than 10 × 106/L, and 93 (89.4%) had 1 or more postbaseline
value greater than 5 × 106/L. Sixty of 68 participants (88.2%)
who received tofersen, 100 mg, with a normal or low CSF pro-
tein value at baseline had a shift to high protein (based on
local laboratory reference ranges).

Discussion
ALS is well characterized by loss of function, breathing, and
strength in nearly all patients. To date, no studies have re-
ported a sustained or meaningful improvement in clinical out-
comes over approximately 3 years. This report demonstrates
that both the early- and placebo/delayed-start groups experi-
enced numerically less decline than would be expected in
a natural history (NH) cohort, consistent with a slowing of
disease progression and prolonged survival in both groups.

Elevated neurofilament levels have been described in
several neurological conditions characterized by neuroaxo-
nal damage.16,17 In ALS, neurofilament levels are prognostic for
disease progression and survival.9,18-20 One NH study found
that a 1-SD increase in NfL was associated with 0.41-point per
month decline in ALSFRS-R scores.11 Another showed via a Cox
proportional hazards model that plasma NfL levels were as-
sociated with survival (HR for 1 SD increase in log10 plasma
NfL, 2.99; 95% CI, 1.65-5.41; P = .02) and rate of disability pro-
gression, independent of other prognostic factors.9 Insights
from these and other NH studies suggest that the more than
60% sustained NfL reduction in VALOR/OLE likely repre-
sents a substantial slowing of neurodegeneration in SOD1-
ALS; NfL reductions preceded and predicted clinical benefit
over time.
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Table 2. Integrated Efficacy Resultsa

Measure/analysis

ITT (n = 108)

Subgroup (based on baseline NfL)
Faster progressing (NfL ≥ 75.6 pg/mL;
n = 54)

Slower progressing (NfL < 75.6 pg/mL;
n = 54)

Placebo/delayed
start
(n = 36)

Early start
(n = 72)

Placebo/delayed
start
(n = 16)

Early start
(n = 38)

Placebo/delayed
start
(n = 20)

Early start
(n = 34)

Reductions in plasma
NfL, %b

64.0 67.0 76.0 79.0 43.0 45.0

Reductions in total SOD1
protein, %b

25.0 21.0 31.0 22.0 21.0 19.0

Function and strength

ALSFRS-R

Change from baseline
to 148 wk

−13.5 −9.9 −24.8 −18.1 −4.5 −3.2

LSM difference (95% CI) 3.6 (−1.2 to 8.4) 6.6 (−1.8 to 15.0) 1.3 (−3.2 to 5.7)

ANCOVA + MI P value .14 (alternative JRT: .05) .12 .57

Proportion of participants
that improved from
baseline to 148 wk, %
(95% CI)

17.3 (4.7 to 29.8) 21.0 (11.6 to 30.5) 12.5 (−3.7 to 28.7) 16.2 (4.3 to 28.0) 21.0 (2.8 to 39.3) 26.5 (11.6 to 41.3)

SVC

Change from baseline
to 148 wk

−18.1 −13.8 −30.2 −25.2 −7.7 −3.5

LSM difference (95% CI) 4.3 (−6.6 to 15.2) 5.1 (−11.9 to 22.0) 4.2 (−7.4 to 15.8)

ANCOVA + MI P value .44 .56 .48

Proportion of participants
that improved from
baseline to 148 wk, %
(95% CI)

15.8 (2.5 to 29.0) 23.1 (12.5 to 33.7) 18.8 (−0.4 to 37.9) 12.1 (1.0 to 23.1) 13.4 (−4.8 to 31.5) 35.5 (17.8 to 53.2)

Change in HHD megascore −0.43 −0.38 −0.60 −0.48 −0.31 −0.28

Change from baseline
to 148 wk

−0.43 −0.38 −0.60 −0.48 −0.31 −0.28

LSM difference (95% CI) 0.06 (−0.124 to 0.234) 0.12 (−0.163 to 0.393) 0.02 (−0.181 to 0.228)

ANCOVA + MI P value .55 .42 .82

Proportion of participants
that improved from
baseline to 148 wk, %
(95% CI)

10.7 (−0.5 to 21.8) 27.3 (16.3 to 38.3) 7.7 (−6.3 to 21.7) 6.9 (−2.0 to 15.8) 13.1 (−3.3 to 29.4) 50.0 (31.9 to 68.1)

Survival, time-to-event analyses (early start vs placebo/delayed start tofersen)c

Time to death from first dose received in VALOR or PV, whichever came first

Median time (95% CI), wk NE NE 76.0 (33.9 to NE) 253.6 (95.1 to NE) NE NE

HR (95% CI) 0.64 (0.28 to 1.46) 0.47 (0.19 to 1.18) 2.03 (0.22 to 18.66)

P value from Cox .29 .11 .53

P value from log rank .42 .22 .56

Time to death from first dose received in VALOR

Median time (95% CI), wk NE NE 115.4 (57.1 to NE) 253.6 (125.3 to NE) NE NE

HR (95% CI) 0.52 (0.20 to 1.36) 0.41 (0.13 to 1.24) 1.22 (0.11 to −3.04)

P value from Cox .18 .12 .87

P value from log rank .31 .17 .73

Time to death, PV, or withdrawal due to disease progression

Median time (95% CI), wk NE 260.7 (171.0 to NE) 57.3 (27.4 to
135.6)

103.6 (70.9 to
253.6)

NE NE

HR (95% CI) 0.61 (0.31 to 1.18) 0.49 (0.23 to 1.02) 0.95 (0.17 to 5.34)

P value from Cox .14 .06 .95

P value from log rank .23 .18 >.99

Abbreviations: ALS, amyotrophic lateral sclerosis; ALSFRS-R, Amyotrophic
Lateral Sclerosis Functional Rating Scale–Revised; ANCOVA, analysis of
covariance; HR, hazard ratio; ITT, intention-to-treat; JRT, joint rank test;
LSM, least-squares mean; MI, multiple imputation; NE, not estimable;
NfL, neurofilament light chain; PV, permanent ventilation; SOD1, superoxide
dismutase 1; SVC, slow vital capacity.
a Adjusted 95% CI values were based on the distribution of the log hazard ratio

retaining the Cox regression P value from the ITT analysis back-transformed
to the original scale. Cox proportional hazards model adjusted for baseline
plasma NfL and riluzole or edaravone use. Log rank test stratified by median

baseline plasma NfL. For ALSFRS-R total score (change from baseline), when
implementing JRT, MI was used to handle withdrawals for reasons other
than death.

b 1 Minus geometric mean ratio to baseline at week 148.
c PV was defined as �22 hours of mechanical ventilation (invasive or

noninvasive) per day for �21 consecutive days. Time to death, PV, or
withdrawal due to disease progression was defined as the time from first dose
to death, PV, or withdrawal from the study due to disease progression,
whichever came first.
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Although analyses were not powered to detect statisti-
cally significant differences between groups over the longer
term (given the small number of participants and that all had
the opportunity to receive tofersen from week 28 onward),
both groups demonstrated numerically less decline across
measures than expected based on the NH of ALS. On a popu-
lation basis, people with ALS would be estimated to decline
by an average of 0.6 to 1.0 points per month on the ALSFRS-R
scale,21-23 equating to approximately 22 to 34 points over the
148-week follow-up period. In contrast, the early-start group
declined by 9.9 points, and the placebo/delayed-start group
by 13.5 points.

In addition, improvements in strength and function were
observed over approximately 3 years in approximately 21% to

27% of early-start participants, unlike the progressive
decline expected based on NH of ALS. Fewer than 70 reports
of sustained ALS symptom improvement have been docu-
mented in the history of the disease, with no known
documented reversals in individuals with SOD1-ALS.24,25

To further validate that these observations in participants
treated with tofersen are not due to chance, we fitted a model
using clinical outcome data from the dexpramipexole
EMPOWER study. Comparison with 1-year HHD data from
EMPOWER is a conservative approach, given that the prob-
ability of improvement would be expected to decrease over the
longer, 3-year period assessed in VALOR/OLE. Even with this
conservative approach, the probability of observing a more
than 20% response with increased strength at 1 year was cal-

Figure 2. Time to Death or Permanent Ventilation
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Baseline plasma neurofilament light chain (NfL) was <75.6 pg/mL in the
slower-progressing subgroup and �75.6 pg/mL in the faster-progressing
subgroup. Time to death or permanent ventilation was defined as the time
from first dose to death or permanent ventilation (�22 hours of mechanical
ventilation [invasive or noninvasive] per day for �21 consecutive days),
whichever came first. Participants who did not meet the end point definition

were censored at the last known date they were alive. Only events that were
adjudicated by the end point adjudication committee were included. Cross
marks indicate censored observations. The dotted line corresponds to week
192, the time point when the last participant enrolled reached the end of the
study. ITT indicates intention-to-treat.
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culated to be 0% (P < .001), reinforcing the remarkable im-
pact of tofersen on slowing ALS disease course in this study,
in which 27.3% of participants gained strength. Given the dis-
ease heterogeneity, it is worth noting that what constitutes a
clinically relevant response varies by patient. Across the data-

set, outcomes (eg, slowing of decline vs stabilization vs im-
provement) were most heavily influenced by the intersection
between phenotype (SOD1 variant and baseline plasma NfL)
and disease
duration (from symptom onset to the start of therapy). Evi-
dence from the traditional clinical outcome measures of
strength and function are further supported by key QoL mea-
sures, including ALSAQ-5 and EQ-5D-5L.

The median disease duration reported in the NH of SOD1-
ALS is estimated to be approximately 2.3 years from symptom
onset.5 As participants in the placebo/delayed-start group ini-
tiated tofersen at approximately 28 weeks in the OLE, it was
not possible to precisely estimate survival outcomes without
tofersen treatment. However, our data suggest that tofersen sub-
stantially impacted survival. Despite a median opportunity for
follow-up of 4.9 years (range, 3.6-5.4 years), median time to
death or PV and median time to death were not reached in either
group in the ITT population. Nonetheless, earlier-start tofersen
was associated with a 36% reduction in risk of death or PV and
a 48% reduction in risk of death 6 months later, relative to pla-
cebo/delayed-start tofersen. In the faster-progressing sub-
group, median time to death or PV was met in both treatment
groups, enabling straightforward and precise survival esti-
mates: participants on early-start tofersen experienced a 3.4-
year extension of event-free survival compared with those
in the placebo/delayed-start tofersen group. In carriers of
a p.Ala5Val (A5V) variant, the most prevalent SOD1 variant
in North America and most common variant in the faster-
progressing subgroup, disease duration has been estimated at
approximately 1 to 1.2 years.4,5 Median (range) disease dura-
tion (time from symptom onset to death, withdrawal [reasons
for withdrawal are presented in eTable 2 in Supplement 1],
or the end of the study) in A5V carriers in our study was 15.4
(8.6-34.4) months in the placebo/delayed-start group (n = 6)
and 23.2 (10.5-73.9) months in the early-start group (n = 11).

Greater treatment benefits with early-start tofersen are con-
sistent with observations in other neurodegenerative dis-
eases such as SMA.26,27 These data support the hypothesis that
tofersen initiation in the early symptomatic or presympto-
matic (upon neurofilament elevation; a disease biomarker)
stage of ALS may further delay ALS onset or slow functional
decline after symptoms emerge. Importantly, the ongoing
phase 3, randomized, double-blind, placebo-controlled A Phase
3 Randomized, Placebo-Controlled Trial With a Longitudinal
Natural History Run-In and Open-Label Extension to Evalu-
ate BIIB067 Initiated in Clinically Presymptomatic Adults With
a Confirmed Superoxide Dismutase 1 Mutation (ATLAS) study
(NCT04856982) is testing this hypothesis.28 Conducting
asymptomatic trials for SOD1-ALS and other genetic subsets
will require focused studies in asymptomatic gene carriers,
which are ongoing (Pre-symptomatic Familial Amyotrophic
Lateral Sclerosis [Pre-fALS; NCT00317616] and Longitudinal
Biomarker Study for Participants Who Are Genetically at
Risk for Amyotrophic Lateral Sclerosis [ALS] [PREVENT ALL
ALS; NCT06581861]). Beyond earlier treatment, there may be
adjunctive therapies that will further increase response in
patients treated with tofersen.

Table 3. Summary of Adverse Eventsa

Treatment-emergent adverse event

VALOR and OLE
Tofersen, 100 mg
(N = 104),
No. (%)b

Any event 103 (99.0)

Event related to trial agentc 66 (63.5)

Event related to lumbar puncturec 87 (83.7)

Serious event 58 (55.8)

Serious event related to trial agentc 10 (9.6)

Event with fatal outcomes 22 (21.2)

Event leading to drug discontinuation 28 (26.9)

Event occurring in ≥25% of participantsd

Headache 63 (60.6)

Procedural pain 62 (59.6)

Fall 49 (47.1)

Back pain 49 (47.1)

Pain in extremity 41 (39.4)

Arthralgia 38 (36.5)

COVID-19 36 (34.6)

Fatigue 32 (30.8)

CSF protein increased 28 (26.9)

Post lumbar puncture syndrome 26 (25.0)

Nausea 26 (25.0)

Constipation 26 (25.0)

Serious event occurring in ≥3% of participantsd

Respiratory failure 13 (12.5)

Pneumonia aspiration 12 (11.5)

Acute respiratory failure 8 (7.7)

Dysphagia 8 (7.7)

Pulmonary embolism 6 (5.8)

Pneumonia 4 (3.8)

Serious neurologic eventse 9 (8.7)

Myelitis 4 (3.9)

Papilledema 3 (2.9)

Aseptic meningitis 2 (1.9)

Radiculitis 1 (1.0)

Abbreviations: CSF, cerebrospinal fluid; OLE, open-label extension.
a Within the VALOR study, the following adverse events occurred in at least 5%

of patients treated with tofersen and at >5% higher frequency than patients
treated with placebo: pain, back pain, pain in extremity, fatigue, arthralgia,
csf white blood cell increased, pleocytosis, myalgia, CSF protein increased,
musculoskeletal stiffness, and neuralgia. Of note, 1 participant reported
aseptic meningitis and later reported papilledema.

b A participant could appear in more than 1 category.
c The relatedness of an event to the trial agent or lumbar puncture was assessed

by the investigator.
d A participant is counted only once for each preferred term (Medical Dictionary

for Regulatory Activities, version 25.1).
e Myelitis includes the preferred term myelitis transverse; papilledema includes

the preferred term intracranial pressure increased; aseptic meningitis includes
the preferred terms meningitis chemical and meningitis aseptic.
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The benefits of tofersen must be weighed against poten-
tial risks. Most AEs reported during treatment were consis-
tent with the types and severities of AEs seen in patients with
SOD1-ALS, common comorbidities, or events observed in the
context of lumbar puncture. Some participants experienced
serious neurological events, which were manageable with stan-
dard of care; most participants continued treatment. The type
and rate of events were similar to those previously reported
from this dataset and will continue to be monitored and char-
acterized in the postmarketing setting.8

Limitations
This study had several limitations, including variable disease
heterogeneity in the study population, relatively small sample
size, crossover to active treatment at 6 months for the pla-
cebo group, and limited statistical power. Notably, while the
primary analysis population of the VALOR study was en-
riched for faster disease progression according to SOD1 vari-
ant type and prerandomization ALSFRS-R slope, it became ap-
parent that variability within and across SOD1 variant types,
as well as nonlinear progression of the ALSFRS-R with peri-
ods of stable disease preceded or followed by periods of rapid
decline,29,30 could confound and limit the prognostic value of
these measures. Importantly, evolving research in ALS con-
tinued to demonstrate that NfL is a strong prognostic bio-
marker of disease progression and survival, with higher lev-
els associated with worse outcomes.3,9,18,19,31-36 Recognizing
the importance of NfL to control for disease heterogeneity, the
statistical analysis plan for the VALOR/OLE analyses defined
disease progression subgroups by baseline plasma NfL level
and also adjusted for baseline NfL as a continuous covariate
to estimate treatment differences in the population with greater
precision. Importantly, despite the limited sample size, cross-
over to active treatment at 6 months for the placebo group, and
efficacy analyses not powered to detect a statistically signifi-
cant difference, earlier initiation of tofersen was associated with

reduced decline in function, strength, and the risk of death-
equivalent events compared to initiation of tofersen approxi-
mately 6 months later, while both groups demonstrated nu-
merically less decline across clinical measures than would
be expected based on the natural history of ALS.

Conclusion
VALOR/OLE data are consistent with global trial and ex-
panded access programs indicating that tofersen is slowing
neurodegeneration and clinical disease progression in
patients.37-41 These tofersen-driven effects are impacting care
expectations in SOD1-ALS, from diagnosis and monitoring to
management. Additionally, findings further promote the grow-
ing literature supporting NfL as a prognostic biomarker of ALS
disease progression and survival, and a response biomarker
with utility for quantifying therapeutic effect. Specifically,
these data have supported US Food and Drug Administration
acceptance of NfL as a surrogate biomarker reasonably likely
to predict clinical benefit in SOD1-ALS. They have also sup-
ported the use of NfL as a key decision-making end point in
smaller and shorter-duration phase 1 and 2 studies to priori-
tize investigational therapies for later stages of development
more conclusively.42,43 As of October 2025, tofersen has re-
ceived regulatory approval in the US, Europe, China, Japan, and
several other countries around the world. Furthermore,
European Academy of Neurology guidelines recommend of-
fering tofersen as first-line treatment in patients with progres-
sive SOD1-ALS.44

The substantial benefits of tofersen in SOD1-ALS have re-
sparked enthusiasm for ALS drug development, as these data
suggest that, with the right drug treating an upstream cause
of disease, large meaningful effects are possible. We expect
insights from this experience to empower therapeutic ad-
vances in other forms of ALS.
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