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Ultra-high-dose methylcobalamin in amyotrophic
lateral sclerosis: a long-term phase II/1ll randomised

controlled study

Ryuji Kaji,' Takashi Imai,®* Yasuo lwasaki,* Koichi Okamoto,” Masanori Nakagawa,”
Yasuo Ohashi,’ Takao Takase,® Takahisa Hanada,® Hiroki Shimizu,® Kunio Tashiro,”

Shigeki Kuzuhara'

ABSTRACT

Objective To evaluate the efficacy and safety of
intramuscular ultra-high-dose methylcobalamin in
patients with amyotrophic lateral sclerosis (ALS).
Methods 373 patients with ALS (EI Escorial definite

or probable; laboratory-supported probable; duration
<36 months) were randomly assigned to placebo, 25
mg or 50 mg of methylcobalamin groups. The primary
endpoints were the time interval to primary events
(death or full ventilation support) and changes in the
Revised ALS Functional Rating Scale (ALSFRS-R) score
from baseline to week 182. Efficacy was also evaluated
using post-hoc analyses in patients diagnosed early
(entered <12 months after symptom onset).

Results No significant differences were detected

in either primary endpoint (minimal p value=0.087).
However, post-hoc analyses of methylcobalamin-treated
patients diagnosed and entered early (<12 months’
duration) showed longer time intervals to the primary
event (p<0.025) and less decreases in the ALSFRS-R
score (p<0.025) than the placebo group. The incidence
of treatment-related adverse events was similar and low
in all groups.

Conclusion Although ultra-high-dose methylcobalamin
did not show significant efficacy in the whole cohort, this
treatment may prolong survival and retard symptomatic
progression without major side effects if started early.
Trial registration number NCT00444613.

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is an intractable
neurodegenerative disease characterised by motor
neuron degeneration typically presenting with
muscle weakness and atrophy.! Respiratory failure
due to muscle weakness is the major cause of death.
Without mechanical ventilation support, patients
succumb to this disease within 3-6 years from its
onset.

The widely used drug for ALS, riluzole, provides
modest prolongation of survival (2-3 months), but
no beneficial effects were shown on muscle strength
and little on bulbar function.” Moreover, safety
concerns, such as liver dysfunction, exist.> Edara-
vone has been approved for retarding the clinical
deterioration of ALS, but its effect on the survival
is unknown.’

The deficiency in vitamin B, is associated with
central nervous system lesions including subacute
combined degeneration of the cord, indicating an
important function of B, in the spinal cord and
the brain. Methylcobalamin, an active vitamin B,
used in Japan to treat peripheral neuropathy and
megaloblastic anaemia, is a potential candidate
for ALS treatment. It functions as a coenzyme for
homocysteine remethylation as a methyl donor,
and inhibits neuronal degeneration by decreasing
levels of homocysteine, the accumulation of
which contributes to neuronal degeneration in
patients with ALS.*® It also activates extracellular
signal-regulated kinases 1 and 2 and Akt to induce
neurite outgrowth and prolong neuronal survival.®
Cyanates/cyanide conjugates of B,, are not acting
as methyl donor and have not been proven to show
these effects.

Preclinical studies have reported that methylco-
balamin protects neurons against glutamate neuro-
toxicity” ® and promotes nerve regeneration.” It
has also been shown that intraperitoneal ultra-high
dosage inhibits disease progression in a wobbler
mouse.'’ Oral administration in high dose would
be ineffective because of the limited availability
of the gastric intrinsic factor for its absorption.
Clinical studies have demonstrated the efficacy of
intramuscular ultra-high-dose methylcobalamin on
compound muscle action potentials.'’ Moreover, a
small-sized study has demonstrated that, if started
early in the disease course, ultra-high-dose methyl-
cobalamin prolongs ventilation-free survival.'*

Based on these results, we conducted a long-term
phase II/II clinical trial to evaluate the efficacy and
safety of intramuscular ultra-high-dose methylco-
balamin in Japanese patients with ALS.

METHODS

This multicentre, randomised, double-blind, place-
bo-controlled clinical trial was conducted from
December 2006 to March 2014 at 51 sites in Japan.

Patients

Patients satisfying the following inclusion criteria
were eligible: outpatients aged 20 years or older;
clinically definite, clinically probable, or clinically
probable, laboratory-supported ALS diagnosis
according to the revised El Escorial criteria (Airlie
House criteria)'*; duration from the symptom onset
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<3 years; stage 1 or 2 of the Japanese ALS severity classifica-
tion'* (scores range from 1 to 5: 1 denotes no difficulty in daily
living and working; 2, ability to live or work unaided; 3, require-
ment of assistance in daily living due to incapability of managing
social life; 4, requirement of constant assistance in all aspects
of daily living; and 5, bedridden status requiring a life support
system); and Revised ALS Functional Rating Scale (ALSFRS-R)
score’ decrease by 1-3 points during the 12-week observa-
tion period. The definition of onset was the initial time that
the patient recognised weakness or any other motor symptoms
other than twitching or cramping of muscles. The key exclusion
criteria were tracheostomy or previous use of non-invasive venti-
lation, per cent-predicted forced vital capacity (%FVC) <60%,
multiple conduction blocks, new start or change in the dose or
administration of riluzole after the observation period began, or
serious cardiovascular, renal, hepatic disease or any haematolog-
ical changes suggestive of B , deficiency.

This report follows the Consolidated Standards of Reporting
Trials guidelines.

Randomisation and treatment
The patients were centrally randomised to the placebo or 25 mg
or 50 mg methylcobalamin groups using the order of registration
with a minimisation algorithm to balance the following factors:
onset type (bulbar or upper or lower motor neuron onset), rilu-
zole coadministration, ALSFRS-R score before study enrolment,
and the change in this score during the observation period.
Allocated drugs were intramuscularly administered twice per
week starting from the end of the observation period (12 weeks)
and continued for 182 weeks in a manner that the patients and
their caregivers could not see the formulation colour (the active
ingredients in methylcobalamin colour the formulation red).
Changes in riluzole administration were not allowed. Edaravone
was not used in any of the subjects.

Outcome measures

The primary endpoints were the time to primary events and
the change in ALSFRS-R score from baseline to week 182. The
primary events were defined as death by any cause or invasive
or non-invasive ventilation support =22 hours per day due to
ALS progression. On the occurrence of a primary event, treat-
ment was discontinued. ALSFRS-R quantitatively evaluates the
progression of disability by measuring respiratory function and
physical ability in daily living.

The secondary endpoints included muscle strength assessed
using the manual muscle test (Medical Research Council Scale),
physical functional status measured with the Norris Scale,'
respiratory function assessed using %FVC, grip strength,
and the quality of life evaluated using the ALS Assessment
Questionnaire-40."”

The primary and secondary efficacy endpoints were evalu-
ated using post-hoc analyses in a subgroup of patients diagnosed
early (at screening <12 months after symptom onset) based on
previous studies.!! 2

Drug safety was evaluated on the incidence of adverse events
and the results of laboratory tests, vital signs and an ECG. Events
due to the progression of ALS were not counted as adverse
events; however, all deaths were counted as adverse events
regardless of cause.

All assessments, except for ECG, were conducted on weeks
0, 4 and 16, and at 12-week intervals thereafter to week 172,
and on week 182. For patients who discontinued therapy due
to the primary event, the last assessment was conducted within

4 weeks of the day the event occurred. Different investiga-
tors were responsible for drug administration, as well as effi-
cacy, ALSFRS-R and safety assessments, to maintain blindness
throughout the study, because the active ingredients in methyl-
cobalamin colour urine red.

Statistical analysis

The sample size was originally set at 200 primary events in 300
patients (100 per group) for 130 weeks to detect a significant
difference in the HR for the time to primary event between the
groups at a one-sided significance level of 1%, with a power of
90%, based on an estimated HR of the primary events of 0.5-0.6
and effect size in the ALSFRS-R analysis of 0.3-0.4. However,
the sample size and study duration were revised while main-
taining blindness to 360 patients (120 per group) and 182 weeks
because of a low rate of primary events.

Two interim analyses by an independent data monitoring
committee were performed to assess safety and futility.

The efficacy analyses were conducted using a population anal-
ysis for those patients who received methylcobalamin and had
evaluable primary endpoint data based on the intention-to-treat
principle. This was called the full analysis set. The safety anal-
yses were made on a safety data set composed of those patients
who were evaluated for safety. Missing data from patients who
discontinued methylcobalamin after a primary event were
imputed with the final evaluation data after discontinuation.

Methylcobalamin efficacy and dose-response relationships
were simultaneously evaluated using contrast coefficients to
compare placebo with 50 mg and placebo with all methylco-
balamin groups combined, respectively. The time interval to
the primary event was compared among groups using log-rank
scores, and the changes in the ALSFRS-R score and secondary
endpoint measures were evaluated using the Wilcoxon score
(patients who died or whose data after a primary event were not
collected within 28 days from the event were ranked worst). The
p values for the primary test were adjusted for multiplicity, with
the statistical analysis plan described in online supplementary
e-appendix. In addition, the Cox proportional hazards model
with backward elimination for the placebo group was used with
variables including the interval between symptom onset and
diagnosis (<12 months, >12 months), gender, %FVC (<90%,
=90%) and several other variables to explore prognostic factors
for events post hoc. Analyses were performed using SAS V.9.3
software.

RESULTS

A total of 373 patients were enrolled and randomly assigned to
placebo or 25 mg or 50 mg methylcobalamin groups (124, 124
and 125 patients, respectively; figure 1). Exclusion of 3 patients
(1 and 2 patients in the placebo and 50 mg groups, respectively)
for not satisfying the diagnostic criteria yielded 370 patients.
The study was completed by 260 patients, with 113 patients
withdrawn because they declined to participate.

The baseline demographic and disease characteristics were
similar among the groups, without significant differences
(table 1). Approximately half the patients were diagnosed as
having clinically probable ALS (46.2%) and had upper motor
neuron-onset ALS (49.5%). Most of the patients (89.7%) were
being treated with riluzole at the screening. The number of
patients with diabetes was 53 (16 in placebo, 18 in 25 mg and 19
in 50 mg groups), 6 of whom received metformin, which could
potentially affect B,, levels. There were however no changes in
haematological data in this study.
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519 were assessed for eligibility |

146 were excluded

135 did not satisfy the inclusion criteria
10 declinedto participate
1 were excluded for other reasons

373 were randomized

v y

124 were allocated to receive placebo

124 were allocated to receive
methylcobalamin 25 mg

125 were allocated to receive
methylcobalamin 50 mg

y

123 were included in the analysis (full
analysis set)
1 did not satisfy the diagnostic criteria

analysis set)

124 were included in the analysis (full

123 were included in the analysis (full
analysis set)
2 did not satisfy the diagnostic criteria

38 were withdrawn
21 declinedto participate
5 had adverse events that obligated withdrawal

36 were withdrawn
16 declinedto participate
4 had adverse events that obligated withdrawal

39 were withdrawn
23 declinedto participate
1 had adverse events that obligated withdrawal
2 did not satisfy the inclusion/exclusion criteria

57 had the primary events 53 had the primary events
14 used non-invasive ventilation 8 usednon-invasive ventilation
18 used invasive ventilation use 22 used invasive ventilation use
25 died 23 died

29 completed the 182-week study period

1 did not satisfy the inclusion/exclusion criteria — 3 werein a possibility that their efficacy - Lo :
Bwereina ponibilitythat their efficacy or safety is promised > Swereina possnbllltyghat their eﬂjcacy
assessment or safety were compromised di dthe methylcobalamin for 229 days e entor sLafety is compromi .
3 newly started or changed riluzole administration 2 newly started or changed riluzole administration 3 the ; for229 days
2 withdrew for other reasons 3 were withdrawn for other reasons 3 newly §tarted or changed riluzole administration
2 were withdrawn for other reasons
86 completed the study 88 completed the study 86 completed the study

35 completed the 182-week study period

55 had the primary events
15 used non-invasive ventilation
15 used invasive ventilation use
25 died
31 completed the 182-week study period

Figure 1  Patient flow.

Efficacy

Significant differences were not detected for either primary
endpoint; the minimal crude p value was 0.09 for the change in
the ALSFRS-R score, and its adjusted value was 0.19 (table 2).
The time to the primary event was slightly prolonged in the
active treatment groups (HR [95% CI]: 0.83 [0.58 to 1.20]
for 25 mg and 0.92 [0.65 to 1.32] for 50 mg methylcobalamin
groups). The median time to the primary event was 880 for
placebo, 1147 for 25 mg and 954 days for 50 mg methylcobal-
amin groups (figure 2A). The median change in the ALSFRS-R
score from baseline to week 182 decreased in relation to the
allocated dose: —24.0 for placebo, —22.0 for 25 mg and —21.0
for 50 mg methylcobalamin groups (figure 2B).

For the secondary endpoints, the median change in manual
muscle test and the Norris Scale scores from baseline to week 182
decreased in a dose-dependent manner, although this decrease
was not significantly different among the groups (online supple-
mentary table e-1).

Patients diagnosed early (duration =12 months)

The post-hoc analysis of the subgroup of patients diagnosed
early (diagnosed with ALS <12 months after symptom onset)
demonstrated a significant dose-response-dependent prolonga-
tion in time to the primary event (HR [95% CI]: 0.64 [0.38
to 1.09] for 25 mg [p=0.01] and 0.50 [0.27 to 0.93] for 50
mg [p=0.01] methylcobalamin groups). The median time to the
primary event (95% CI) was 570 (465 to 720) days for placebo,
1087 (564 to —) days for 25 mg, and 1197 (609 to -) days for 50
mg methylcobalamin groups (table 2, figure 2C).

The change in the ALSFRS-R score also decreased in a dose-de-
pendent manner (the p value for 25 mg was 0.01 and was 0.003
for 50 mg methylcobalamin compared with placebo; figure 2D).
To confirm the validity of the results, the time-related changes
in the efficacies on the primary event and on ALSFRS-R scores
were analysed; methylcobalamin exhibited efficacy or a trend

towards efficacy on primary events in patients diagnosed <12
months after symptom onset. Additionally, efficacy or a trend
towards efficacy on ALSFRS-R scores was frequently observed in
the first 24 months after symptom onset (online supplementary
tables e-2 and e-3).

Among the secondary endpoints, a dose-response inhibition
in worsening was shown in the Norris Scale score (p values:
0.008 for 25 mg and 0.005 for 50 mg) and %FVC (p values of
0.004 for 25 mg and <0.001 for 50 mg) (online supplementary
table e-4).

Patients with other poor prognostic factors

Applying the Cox proportional hazards model with back-
ward elimination to data in the placebo group determined the
following poor prognostic factors: diagnostic interval >12
months, being male, %FVC being <90% and being without rilu-
zole (online supplementary table e-5). Methylcobalamin at both
25 mg and 50 mg tended to reduce the HR in men and %FVC
<90% (HR, 0.76-0.77; online supplementary table e-6). The
decreased ALSFRS-R score (95% CI) in the 50 mg group was 4.3
(0.7 to 7.9; p=0.095) for men and 4.5 (0.9 to 8.1; p=0.020) for
%FVC <90% (online supplementary table e-7).

Safety

Adverse events were reported by more than 97% of patients
in each group. Treatment-related adverse events were reported
with a similar incidence of 4.1% (5/123), 7.3% (9/124) and
5.7% (7/123) in the placebo, 25 mg and 50 mg methylcobalamin
groups, respectively. The incidence of serious adverse events
was also similar in the placebo, 25 mg and 50 mg methylco-
balamin groups: 64.2%, 62.1% and 65.0%, respectively. Of the
six patients who died of causes other than ALS progression, the
cause of one death in the 50 mg methylcobalamin group was due
to cardiac arrest following myocardial infarction or arrhythmia,
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Table 1 Baseline characteristics of study participants
Methylcobalamin
Placebo 25mg 50 mg Overall
(n=123) (n=124) (n=123) (n=370)
Sex
Male 71 (57.7) 81 (65.3) 71 (57.7) 223 (60.3)
Female 52 (42.3) 43 (34.7) 52 (42.3) 147 (39.7)
Age, years
Mean=+SD 62.2+10.7 60.8+10.1 62.4+9.6 61.8+10.1
<65 61 (49.6) 77 (62.1) 65 (52.8) 203 (54.9)
>65 62 (50.4) 47 (37.9) 58 (47.2) 167 (45.1)
ALSFRS-R score at screening (mean=SD) 42.1+3.5 41.7+3.8 41.9+3.8 41.9+3.7
ALSFRS-R at enrolment (mean=+SD) 40.1+3.5 39.8+4.0 39.9+4.0 40.0+3.8
Time lag from symptom onset to diagnosis, months 19.6+8.1 19.2+8.2 19.7£7.8 19.5+8.0
(mean+SD)
%FVC at screening (mean=SD) 97.40+18.22 93.75+17.26 93.99+15.97 95.04+17.21
%FVC at enrolment (mean+SD) 92.83+20.07 89.98+17.45 89.39+17.55 90.74+18.41
%FVC change during the observation period —-4.57+10.63 -3.76+9.36 —4.59+8.77 —-4.31+9.60
(mean+SD)
Onset type
Bulbar 30 (24.4) 29 (23.4) 28(22.8) 87 (23.5)
UMN 60 (48.8) 62 (50.0) 61 (49.6) 183 (49.5)
LMN 33 (26.8) 33 (26.6) 34 (27.6) 100 (27.0)
ALS disease type
Sporadic 117 (95.1) 122 (98.4) 118 (95.9) 357 (96.5)
Familial 6(4.9) 2(1.6) 5(4.1) 13 (3.5)
Riluzole coadministration during the observation 110 (89.4) 112 (90.3) 110 (89.4) 332 (89.7)
period
Diagnosis*
Clinically definite ALS 33(26.8) 43 (34.7) 49 (39.8) 125 (33.8)
Clinically probable ALS 62 (50.4) 60 (48.4) 49 (39.8) 171 (46.2)
Clinically probable, laboratory-supported ALS 28 (22.8) 21 (16.9) 25 (20.3) 74 (20.0)
ALS severity at enrolment
Stage | 14 (11.4) 20 (16.1) 17 (13.8) 51 (13.8)
Stage Il 109 (88.6) 104 (83.9) 106 (86.2) 319 (86.2)
ALSFRS-R score change during the observation period
-1 42 (34.1) 45 (36.3) 42 (34.1) 129 (34.9)
-2 46 (37.4) 41 (33.1) 45 (36.6) 132 (35.7)
-3 35(28.5) 38(30.6) 36 (29.3) 109 (29.5)

Data were compared among groups using one-way analysis of variance for continuous, ? test for nominal and Kruskal-Wallis test for ordinal variables. Unless otherwise stated,

values represent the number followed by the percentage of participants.
*Diagnoses were made according to the revised El Escorial criteria (Airlie House criteria).

ALS, amyotrophic lateral sclerosis; ALSFRS-R, Revised ALS Functional Rating Scale; %FVC, per cent-predicted forced vital capacity; LMN, lower motor neuron; UMN, upper motor

neuron.

and was considered unrelated to the medication based on the
patient’s history. There were no clinically significant changes in
the results of laboratory tests, vital signs or ECGs among groups.
Statistical details are available on request.

Classification of evidence

The research aims of this study were to evaluate the efficacy and
safety of long-term ultra-high-dose methylcobalamin (25 mg
and 50 mg) in Japanese patients with ALS and the efficacy in
patients whose ALS was diagnosed early. Methylcobalamin was
not found to be significantly superior to placebo in the whole
cohort. However, in patients diagnosed early (<12 months after
symptom onset), this study provides post-hoc class II evidence
that ultra-high-dose methylcobalamin prolongs time to death or
ventilation support (HR [95% CI]: 0.64 [0.38 to 1.09] for 25
mg group and 0.50 [0.27 to 0.93] for 50 mg group; p=0.01
for placebo vs both methylcobalamin groups combined) and

decreased ALSFRS-R scores (p=0.003 for 50 mg and p=0.01
for all methylcobalamin groups) in a dose-responsive manner.
The incidence of treatment-related adverse events was similar
and low in all groups.

DISCUSSION
This long-term study evaluated the efficacy and safety of
high-dose methylcobalamin (25 mg and 50 mg adminis-
tered intramuscularly twice per week) in patients with ALS
using the survival (or being fully bound to respirator) as the
primary event. Because of the time and expenses incurred, it
is becoming more and more difficult to conduct large-scale,
long-term studies assessing the survival such as in the present
study.

Although the superiority of methylcobalamin over placebo
in terms of either the time to primary events or the change
in ALSFRS-R score was not confirmed when data from all
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Table 2 Primary efficacy endpoints analysed in two patient populatio

ns

(A) Analysis conducted using data from all participants

Methylcobalamin

Crude p value

(comparison with placebo)

Adjusted p value
(comparison with placebo)

Primary efficacy endpoints Placebo (n=123) 25mg (n=124) 50 mg (n=123) 50 mg Methylcobalamin 50 mg Methylcobalamin
Time to the primary event*, day

Median (95% Cl) 880 (678t0 1217 1147 (819to-) 954 (777 to-) 0.33t 0.20t 0.15% 0.13t

First quartile (25%) (95% Cl) 465 (363 t0 538) 499 (392 to 610) 503 (377 to 627)

Third quartile (75%) (95% Cl) -t ¥ -t

HR vs the placebo group in each active - 0.83 (0.58 to 0.92 (0.65 to

group (95% Cl) 1.20) 1.32)

HR vs the placebo group in total active - 0.88 (0.64 to 1.20)

group (95% Cl)
Change in ALSFRS-R score

Patients, n 123 124 122

Median (min, max) -24.0(-42,-1) -22.0(-42,2) -21.0(-39,1) 0.158§ 0.098 0.188 0.198

First quartile (25%) -30.0 -30.5 -27.0

Third quartile (75%) -16.0 -12.5 -10.0

(B) Analysis conducted using data from the subgroup of patients diagnosed early (<12 months after symptom onset)

Methylcobalamin

P value (comparison with placebo)

Primary efficacy endpoints Placebo 25 mg 50 mg 50 mg Methylcobalamin
Time to primary event*, day
Median (95% Cl) 570 (465 to 720) 1087 (564 to -) 1197 (609 to -) 0.01t 0.01t
First quartile (25%) (95% Cl) 363 (201 to 491) 410 (304 to 594) 448 (337 to 1062)
Third quartile (75%) (95% Cl) 925 (709 to -) -(1186) =1
HR vs the placebo group in each active group (95% Cl) 0.64 (0.38 to 1.09) 0.50 (0.27 t0 0.93)
HR vs the placebo group in total active group (95% Cl) 0.57 (0.35 t0 0.92)
Change in ALSFRS-R score
Patients, n 48 54 1
Median (min, max) -26.5 (=40, -3) -26.5 (40, 0) -22.0(-38,1) 0.0038 0.01§
First quartile (25%) -325 -32.0 -27.0
Third quartile (75%) -20.0 -19.0 -9.0

*Primary events defined as death for any cause or invasive or non-invasive ventilation support for =22 hours due to ALS progression.

tintergroup difference analysed using log-rank score.

+Third quartile of the primary event-free survival was not calculable in any of the groups.

§Intergroup difference analysed using Wilcoxon score.

9q|Third quartile of time to the primary event was not calculable in the 50 mg methylcobalamin group.

ALS, amyotrophic lateral sclerosis; ALSFRS-R, Revised ALS Functional Rating Scale.

participants were analysed, a post-hoc analysis using only the
subgroup of patients diagnosed early (diagnosed <12 months
after symptom onset) demonstrated the efficacy of methylco-
balamin. This subgroup suggested dose-response relationships
for both survival prolongation and functional measures.

Despite the lack of a statistically significant difference
compared with placebo as a whole, deterioration in ALSFRS-R,
Manual Muscle Testing (MMT) and Norris scales scores tended
to be less pronounced with the higher dose of methylcobal-
amin. These findings warrant a pivotal phase III clinical trial
of ultra-high-dose methylcobalamin exploring its effect on
ALSFRS-R for a shorter period (16 weeks), recruiting patients
with less than 12 months’ duration after onset (Clinical Trial
of Ultra-high Dose Methylcobalamin for ALS (JETALS), Clin-
icalTrials.gov NCT03548311).

The length of time between the first ALS symptom and
the initial clinic visit correlated with patient survival, likely
because those with rapid progression tend to be captured
early by the current diagnostic criteria.’® Those participants
with less time between symptom onset and initial clinical
visit exhibited shorter survival times. In the present study, the
percentage of patients in the placebo group who experienced

a primary event (95% CI) was 75.6% (60.1% to 90.1%) for
those with a duration of ALS <12 months and 51.8% (38.8%
to 64.7%) for those >12 months. The median change in the
ALSFRS-R scores from baseline to week 182 was —26.5 for
those <12 months and —21.0 for those >12 months after
symptom onset.

Besides those with early diagnosis (ie, rapid disease progres-
sion), a similar trend towards poor prognosis regarding time
to primary events (or survival) was found in the other two
subgroups: being male and having %FVC <90% (online
supplementary table e-6). Interestingly, in these three
subgroups, methylcobalamin also tended to show a positive
influence in the survival and in other endpoints (ALSFRS-R,
Norris Scale score and %FVC; online supplementary table
e-7). These results could reinforce the efficacy of methylco-
balamin in ALS. Provided that findings in favour of methylco-
balamin were obtained only in these subgroups and not in the
whole cohort, it may be difficult to evaluate the efficacy of a
therapeutic drug in patients with slow and variable progres-
sion of the disease.

Alternatively, methylcobalamin may be more efficacious
when treatment is started at an early stage of ALS. A recent
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Figure 2 Primary efficacy endpoints in all patients (A, B) and the subgroup of patients diagnosed early (<12 months after symptom onset) (C, D).

ALSFRS-R, Revised Amyotrophic Lateral Sclerosis Functional Rating Scale.

clinical trial of erythropoietin recruiting patients up to 18
months after onset showed a tendency for longer survival and
less decrease of ALSFRS-R score up to 6 months.!”” Baumann
and colleagues® demonstrated that the half-life of lower motor
neurons is approximately 1 year and that these motor neurons
decay exponentially in ALS. This means that the number of
lower motor neurons is already halved at 1 year after symptom
onset. Therefore, in modifying the progression of ALS, a ther-
apeutic agent started late in the progression has only a frac-
tion of the normal lower motor neuron population remaining,
with a small number of lower motor neurons sustaining a large
number of muscle fibres.

As previously suggested?! the reason so many clinical trials
may fail despite the promising results of animal studies is
partly due to the late treatment start in humans compared with
that in animal models. The El Escorial criteria up to the clini-
cally probable, laboratory-supported level may not be sensitive
enough to detect patients with ALS in the early stage of the
disease for participation in clinical trials, in contrast to the
detection criteria used in animal studies.

In clinical settings, the average delay from symptom onset to
an ALS diagnosis is approximately 1 year, and a delay of <12
months accounts for about 40% of patients.”'>> The newly
developed Awaji criteria,®* incorporated into the El Escorial
criteria, may shorten the delay to 9 months.>™® In this study,
methylcobalamin showed prominent prolongation of survival
with slower functional decline in patients diagnosed early (<12
months after symptom onset). Currently, approximately half
of the ALS population could benefit from methylcobalamin
treatment using the revised El Escorial diagnostic criteria;
however, if the use of the Awaji criteria becomes the standard
practice, most patients could benefit from this therapy, if the
promise is fulfilled in the currently ongoing JETALS study,
which uses the Awaji criteria for entry for the first time. The
inconvenience of intramuscular injections may be overcome

by allowing injections by patients or their caregivers, which is
currently employed in the JETALS study.

Further limitations of this trial should be noted. First, the
strict criteria for study inclusion may have excluded some
patients with ALS, which has heterogeneous pathogen-
eses. Second, although post-hoc analysis identified only one
subgroup of patients, additional factors may influence the
efficacy and safety profile of methylcobalamin. Third, we did
not examine higher doses (>50 mg) for dose finding, and
it is possible that these mega-doses might have even better
outcome. These potential factors may warrant future analyses
in other study cohorts such as JETALS.

In conclusion, ultra-high-dose methylcobalamin was not
found to be significantly superior to placebo. However, ultra-
high-dose methylcobalamin therapy may improve the prog-
nosis of patients with ALS if administered early in the disease
course. Therapeutic agents that failed in the previous clinical
trials could be reanalysed for potential efficacy in ALS, taking
into account the duration of the disease at the start of therapy.
Criteria enabling earlier diagnosis and a change in the physi-
cian’s attitude towards offering an early diagnosis and treat-
ment should yield better future outcomes for the patients than
ever.
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