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Background: Edaravone has been shown to slow functional
degeneration of amyotrophic lateral sclerosis (ALS). The primary
objective of this study was to assess ALS disease progression
in veterans on IV edaravone compared with veterans who
received standard of care.

Methods: This retrospective case-control study was conducted
at a large, academic US Department of Veteran Affairs medical
center. The primary endpoint was the change in baseline
Revised Amyotrophic Lateral Sclerosis Functional Rating Scale
(ALSFRS-R) scores after 6 months of IV edaravone compared
with standard-of-care ALS management. The secondary
outcomes included change in ALSFRS-R scores, percent
forced vital capacity (%FVC) and speech intelligibility stage
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of-care ALS management.
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incurable neurodegenerative disorder
that results in progressive deterioration
of motor neurons in the ventral horn of the
spinal cord, which results in loss of volun-
tary muscle movements.! Eventually, typical
daily tasks become difficult to perform, and
as the disease progresses, the ability to eat
and breathe is impaired.? Reports from 2015
show the annual incidence of ALS is 5 cases
per 100,000 people, with the total number
of cases reported at more than 16,000 in
the United States.’ In clinical practice, dis-
ease progression is routinely assessed by
the Revised Amyotrophic Lateral Sclerosis
Functional Rating Scale (ALSFRS-R). Typi-
cal decline is 1 point per month.*
Unfortunately, at this time, ALS care fo-
cuses on symptom management, including
prevention of weight loss; implementation
of communication strategies; and manage-
ment of pain, constipation, excess secretions,
cramping, and breathing. Despite copious
research into treatment options, few exist.
Riluzole is an oral medication administered
twice daily and has been on the market since
1995.57 Efficacy was demonstrated in a study
showing statistically significant survival at
12 months compared with controls (74% vs
58%, respectively; P = .014).° Since its ap-
proval, riluzole has become part of standard-

B myotrophic lateral sclerosis (ALS) is an

(SIS) 3 to 24 months after initiation of therapy, duration of
edaravone completed (months), time to death (months), and
safety outcomes.

Results: Twenty-one edaravone and 42 standard-of-care
patients were evaluated. No difference was noted in ALSFRS-R
at 6 months between the edaravone and standard-of-care
groups (P = .84). Additionally, no difference was noted in change
from baseline %FVC, change from baseline SIS, and time to
death between the 2 groups (P > .05). No safety events were
reported in either group.

Conclusions: No difference was noted in the rate of ALS disease
progression between patients who received IV edaravone vs
standard of care.

In 2017, the US Food and Drug Admin-
istration (FDA) approved edaravone, an
IV medication that was found to slow the
progression of ALS in some patients.®!?
Oxidative stress caused by free radicals is hy-
pothesized to increase the progression of ALS
by motor neuron degradation.'® Edaravone
works as a free radical and peroxynitrite scav-
enger and has been shown to eliminate lipid
peroxides and hydroxyl radicals known to
damage endothelial and neuronal cells.!?

Given the mechanism of action of eda-
ravone, it seemed to be a promising op-
tion to slow the progression of ALS. A 2019
systematic review analyzed 3 randomized
studies with 367 patients and found a sta-
tistically significant difference in change
in ALSFRS-R scores between patients
treated with edaravone for 24 weeks com-
pared with patients treated with the placebo
(mean difference, 1.63; 95% CI, 0.26-3.00;
P = .02).!> Secondary endpoints evalu-
ated included percent forced vital capacity
(%FVC), grip strength, and pinch strength:
All showed no significant difference when
comparing IV edaravone with placebo.

A 2022 postmarketing study of 324 pa-
tients with ALS evaluated the safety and ef-
ficacy of long-term edaravone treatment. IV
edaravone therapy for > 24 weeks was well
tolerated, although it was not associated
with any disease-modifying benefit when
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TABLE 1 Baseline Characteristics

Characteristics Standard of care (n = 42) Edaravone (n =21) P value
Age, mean (SD), y 64.0 (8.6) 60.9 (10.7) .26
Male, No. (%) 42 (100) 21 (100) .99
Race, No. (%) .99

African American 2 (95) 1(5)

White 35 (83) 18 (86)

Unknown 5(12) 2(9
Height, mean (SD), cm 177.6 (6.0) 177.4 (5.9) .88
Weight, mean (SD), kg 87.3 (14.9) 83.9(11.2) .32
Body mass index, mean (SD) 27.6 (4.6) 26.6 (3.5) .35
Riluzole use, No. (%) 28 (67) 20 (95) .002
ALSFRS-R score, mean (SD) 34.6 (6.4) 36.3 (5.6) .30
Forced vital capacity, mean (SD), % 67.3 (17.0) 69.7 (16.0) .61
Speech intelligibility stage, mean (SD) 2.0(1.0) 1.4 (0.6) .01

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

comparing ALSFRS-R scores with patients
not receiving edaravone over a median 13.9
months (ALSFRS-R points/month, -0.91 vs
-0.85; P = .37).B A third ALS treatment med-
ication, sodium phenylbutyrate/taururso-
diol was approved in 2022 but not available
during our study period and not included
here.'*!>

Studies have shown an increased inci-
dence of ALS in the veteran population.
Veterans serving in the Gulf War were
nearly twice as likely to develop ALS as
those not serving in the Gulf.'®* However,
existing literature regarding the effective-
ness of edaravone does not specifically ex-
amine the effect on this unique population.
The objective of this study was to assess the
effect of IV edaravone on ALS progression
in veterans compared with veterans who re-
ceived standard of care.

METHODS

This study was conducted at a large, aca-
demic US Department of Veterans Affairs
(VA) medical center. Patients with ALS
are followed by a multidisciplinary clinic
composed of a neurologist, pulmonologist,
clinical pharmacist, social worker, speech
therapist, physical therapist, occupational
therapist, dietician, clinical psychologist,
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wheelchair clinic representative, and ben-
efits representative. Patients are typically
seen for a half-day appointment about
every 3 months. During these visits, a com-
prehensive review of disease progression is
performed. This review entails completion
of the ALSFRS-R, physical examination,
and pulmonary function testing. Speech
intelligibility stage (SIS) is assessed by a
speech therapist as well. SIS is scored from
1 (no detectable speech disorder) to 5 (no
functional speech). All patients followed
in this multidisciplinary ALS clinic receive
standard-of-care treatment. This includes
the discussion of treatment options that if
appropriate are provided to help manage
a wide range of complications associated
with this disease (eg, pain, cramping, con-
stipation, excessive secretions, weight loss,
dysphagia). As a part of these personal dis-
cussions, treatment with riluzole is also of-
fered as a standard-of-care pharmacologic
option.

Study Design

This retrospective case-control study was
conducted using electronic health record
data to compare ALS progression in patients
on IV edaravone therapy with standard of
care. The Indiana University/Purdue Univer-
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FIGURE Study Population

| 123 Patients screened |

'

'

96 Standard of care

27 Edavarone

10 Patients excluded
2 Parkinson disease l—
2 Dementia
6 ALSFRS-R Score < 3 points for dyspnea,
orthopnea, or respiratory insufficiency

Y

6 Patients excluded

> 4 Completed < 6 months of edaravone
due to disease progression

2 Completed < 6 months of edaravone
due to rash

\

86 Patients randomized

44 Not selected
during randomization | v

\

42 Standard-of-care
group patients
included

21 Edaravone patients included

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

sity, Indianapolis Institutional Review Board
and the VA Research and Development Com-
mittee approved the study. The control co-
hort received the standard of care. Patients in
the case cohort received standard of care and
edaravone 60 mg infusions daily for an ini-
tial cycle of 14 days on treatment, followed
by 14 days off. All subsequent cycles were 10
of 14 days on treatment followed by 14 days
off. The initial 2 doses were administered in
the outpatient infusion clinic to monitor for
a hypersensitivity reaction. Patients then had
a peripherally inserted central catheter line
placed and received doses on days 3 through
14 at home. A port was placed for subse-
quent cycles, which were also completed at
home. Appropriateness of edaravone ther-
apy was assessed by the neurologist at each
follow-up appointment. Therapy was then
discontinued if warranted based on disease
progression or patient preference.

Study Population

Patients included were aged 18 to 75 years
with diagnosed ALS. Patients with compli-
cations that might influence evaluation of
medication efficacy (eg, Parkinson disease,
schizophrenia, significant dementia, other
major medical morbidity) were excluded.
Patients were also excluded if they were on
continuous bilevel positive airway pressure
and/or had a total score of < 3 points on
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ALSFRS-R items for dyspnea, orthopnea, or
respiratory insufficiency. Due to our small
sample size, patients were excluded if treat-
ment was < 6 months, which is the gold
standard of therapy duration established by
clinical trials.*1:*2

The standard-of-care cohort included
patients enrolled in the multidisciplinary
clinic September 1, 2014, to August 31,
2017. These patients were compared in a
2:1 ratio with patients who received IV eda-
ravone. The edaravone cohort included
patients who initiated treatment with IV
edaravone between September 1, 2017, and
August 31, 2020. This date range prior to
the approval of edaravone was chosen to
compare patients at similar stages of disease
progression and to have the largest sample
size possible.

Data Collection

Data were obtained for eligible patients
using the VA Computerized Patient Re-
cord System. Demographic data gathered
for each patient included age, sex, weight,
height, body mass index (BMI), race, and
riluzole use.

The primary endpoint was the change in
ALSFRS-R score after 6 months of IV edar-
avone compared with standard-of-care ALS
management. Secondary outcomes included
change in ALSFRS-R scores 3, 12, 18, and

mdedge.com/fedprac



Amyotrophic Lateral Sclerosis

TABLE 2 Change From Baseline ALSFRS-R Score

Change from baseline, mean (SD) [No.]

Time, mo Standard of care Edaravone P value
3 -2.8(3.9) [42] -1.7 2.9) [21] 21
6 -5.3 (6.3) [42] -5.6 (4.5) [21] 84
12 -9.1(8.9) [30] -10.8 (7.7) [15] n/a
18 -8.0 (7.5) [22] -12.8 (7.8) [8] n/a
24 -8.1(7.0) [16] -3.5(0.5)[2] n/a

Abbreviations: ALSFRS-R, Revised Amyotrophic Lateral Sclerosis Functional Rating Scale;

n/a, not available.

TABLE 3 Change From Baseline %FVC

Change from baseline, mean (SD) [No.]

Time, mo Standard of care Edaravone P value
6 -11.2 (14.3) [33] -7.3 (12.1) [20] .30
12 -12.9 (12.9) [23] -17.2 (15.1) [12] n/a
18 -11.5 (18.4) [16] -18.8 (12.2) [6] n/a
24 -12.4 (19.3) [16] [0] n/a

Abbreviations: %FVC, percent forced vital capacity; n/a, not available.

TABLE 4 Change From Baseline Speech Intelligibility Stage

Change from baseline, mean (SD) [No.]

Time, mo Standard of care Edaravone P value
6 0.4 (0.6) [42] 0.3 (0.5) [20] .69
12 0.7 (0.8) [30] 0.6 (0.5) [13] n/a
18 0.7 (0.9) [22] 0.6 (0.5) [8] n/a
24 0.8 (1.0) [16] n/a [1] n/a

Abbreviation: n/a, not available.
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24 months after therapy initiation, change in
%FVC and SIS 3, 6, 12, 18, and 24 months
after therapy initiation, duration of edara-
vone completed (months), time to death
(months), and adverse events.

Statistical Analysis

Comparisons between the edaravone
and control groups for differences in pa-
tient characteristics were made using x?
and 2-sample t tests for categorical and
continuous variables, respectively. Com-
parisons between the 2 groups for differ-
ences in study outcomes (ALSFRS-R scores,
%FVC, SIS) at each time point were evalu-
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ated using 2-sample t tests. Adverse events
and adverse drug reactions were compared
between groups using x* tests. Statistical
significance was set at 0.05.

We estimated that a sample size of 21 sub-
jects in the edaravone (case) group and 42 in
the standard-of-care (control) group would
be needed to achieve 80% power to detect a
difference of 6.5 between the 2 groups for the
change in ALSFRS-R scores. This 80% power
was calculated based on a 2-sample ¢ test, and
assuming a 2-sided 5% significance level and
a within-group SD of 8.5.° Statistical analysis
was conducted using Microsoft Excel.

RESULTS

A total of 96 unique patients were seen in
our multidisciplinary ALS clinic between
September 1, 2014, and August 31, 2017
(Figure). Of the 96 patients, 10 met exclu-
sion criteria. From the remaining 86, 42
were randomly selected for the standard-
of-care group. A total of 27 patients seen in
multidisciplinary ALS clinic between Sep-
tember 1, 2017, and August 31, 2020, re-
ceived at least 1 dose of IV edaravone. Of
the 27 edaravone patients, 6 were excluded
for not completing a total of 6 months of
edaravone. Two of the 6 excluded devel-
oped a rash, which resolved within 1 week
after discontinuing edaravone. The other
4 discontinued edaravone before 6 months
because of disease progression.

Baseline Characteristics

Baseline demographics were similar be-
tween the groups (Table 1). Most pa-
tients were White men with a mean age of
60 years. Baseline %FVC was about 68%.
Fewer patients in the standard-of-care
group were taking riluzole than in the eda-
ravone group (67% vs 95%, respectively;
P = .002). Mean (SD) baseline SIS scores
were slightly higher in the standard-of-care
group vs the edaravone group (2.0 [1.0] vs
1.4 [0.6], respectively; P = .01).

Efficacy

No difference was found in the ALSFRS-R
scores at 6 months between the IV edara-
vone and standard-of-care groups (P = .84)
(Table 2). Our study did not meet power to
calculate statistical analysis at 12, 18, and
24 months due to its size. No difference
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TABLE 5 Other Secondary Outcomes

Standard of care, Edaravone,
mean (SD) mean (SD) P
Outcomes (n =42) (n=21) value
Time to death from diagnosis, y 2.3(1.8) 2.3(1.1) .93
Duration of edaravone, mo n/a 16.0 (6.4) n/a
Adverse events, No. 0 0 n/a

Abbreviation: n/a, not available.
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was found in change from baseline %FVC
at 6 months between the 2 groups (P = .30)
(Table 3). Change between the 2 groups in
baseline SIS at 6 months also was not differ-
ent (P = .69) (Table 4). Sample size was in-
sufficient to calculate %FVC and SIS at the
12, 18, and 24 month intervals. No differ-
ence was noted in time to death between
groups (P = .93) (Table 5), and no adverse
events were reported in either group.

DISCUSSION

This 24-month, case-control retrospec-
tive study assessed efficacy and safety of
IV edaravone for the management of ALS.
Although the landmark edaravone study
showed slowed progression of ALS at 6 and
12 months, the effectiveness of edaravone
outside the clinical trial setting has been
less compelling.®!13 A later study showed
no difference in change in ALSFRS-R score
at 6 months compared with that of the pla-
cebo group.” In our study, no statistically
significant difference was found for change
in ALSFRS-R scores at 6 months.

Our study was unique given we evalu-
ated a veteran population. The link between
the military and ALS is largely unknown, al-
though studies have shown increased in-
cidence of ALS in people with a military
history compared with that of the general
population.'®!8 OQur study was also unique
because it was single-centered in design and
allowed for outcome assessments, includ-
ing ALSFRS-R scores, SIS, and %FVC mea-
surements, to all be conducted by the same
practitioner to limit variability. Unfortunately,
our sample size resulted in a cohort that was
underpowered at 12, 18, and 24 months. In
addition, there was a lack of data on chart
review for SIS and %FVC measurements at
24 months. As ALS progresses toward end
stage, SIS and %FVC measurements can be-
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come difficult and burdensome on the pa-
tient to obtain, and the ALS multidisciplinary
team may decide not to gather these data
points as ALS progresses. As a result, change
in SIS and %FVC measurements were un-
able to be reported due to lack of gathering
this information at the 24-month mark in
the edaravone group. Due to the cost and
administration burden associated with eda-
ravone, it is important that assessment of dis-
ease progression is performed regularly to
assess benefit and appropriateness of con-
tinued therapy. The oral formulation of eda-
ravone was approved in 2022, shortly after
the completion of data collection for this
study.’*? Although our study did not analyze
oral edaravone, the administration burden
of treatment would be reduced with the oral
formulation, and we hypothesize there will
be increased patient interest in ALS manage-
ment with oral vs IV edaravone. Evaluation
of long-term treatment for efficacy and safety
beyond 24 months has not been evaluated.
Future studies should continue to evaluate
edaravone use in a larger veteran population.

Limitations
One limitation for our study alluded to
earlier in the discussion was sample size.
Although this study met power at the
6-month mark, it was limited by the num-
ber of patients who received more than
6 months of edaravone (n = 21). As a re-
sult, statistical analyses between treatment
groups were underpowered at 12, 18, and
24 months. Our study had 80% power
to detect a difference of 6.5 between the
groups for the change in ALSFRS-R scores.
Previous studies detected a statistically sig-
nificant difference in ALSFRS-R scores,
with a difference in ALSFRS-R scores of
2.49 between groups.® Future studies
should evaluate a larger sample size of pa-
tients who are prescribed edaravone.
Another limitation was that the edaravone
and standard-of-care group data were gath-
ered from different time periods. Two dif-
ferent time frames were selected to increase
sample size by gathering data over a longer
period and to account for patients who may
have qualified for IV edaravone but could
not receive it as it was not yet available on
the market. There were no known changes to
the standard of care between the time periods
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that would affect results. As noted previously,
the standard-of-care group had fewer patients
taking riluzole compared with the edaravone
group, which may have confounded our re-
sults. We concluded patients opting for edar-
avone were more likely to trial riluzole, taken
by mouth twice daily, before starting edara-
vone, a once-daily IV infusion.

CONCLUSIONS

No difference in the rate of ALS progression
was noted between patients who received IV
edaravone vs standard of care at 6 months.
In addition, no difference was noted in other
objective measures of disease progression,
including %FVC, SIS, and time to death. As
a result, the decision to initiate and continue
edaravone therapy should be made on an in-
dividualized basis according to a prescriber’s
clinical judgment and a patients goals. Edar-
avone therapy should be discontinued when
disease progression occurs or when medica-
tion administration becomes a burden.
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