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A Novel Neuroprotective Agent for the
Treatment of Amyotrophic Lateral Sclerosis
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS),
also known as Lou Gehrig’s disease, is
a fatal degenerative disease that affects
the motor neurons connecting the brain
and spinal cord, leading to eventual
paralysis and death. Approximately 5,600
individuals are diagnosed with ALS annu-
ally in the United States, and as many as
30,000 Americans are currently affected.
Although rare, ALS is the most common
motor neuron disease; it affects people of
all races and ethnicities, but has a higher
prevalence among Caucasians.!

In patients with ALS, the brain loses the
ability to control muscle movement when
the neurons controlling mobility begin
to die, resulting in complete paralysis in
its latter stages. Early symptoms of the
disease include muscle twitching, cramp-
ing, stiffness, or weakness, and eventually
slurred speech and difficulty chewing or
swallowing. Psychological and cognitive
difficulties are also seen in patients with
ALS, including involuntary laughing or
crying, depression, impaired executive
functions, and maladaptive social behav-
ior. Advanced stages of the disease fea-
ture symptoms such as muscle atrophy,
spasticity, cramps, and weakness, all of
which progressively worsen. The average
life expectancy of a person with ALS is
two to five years from time of diagnosis,
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with death resulting from respiratory
failure (e.g., aspiration pneumonia) and
medical conditions related to immobility.
About half of patients with ALS live at
least three years or more after diagnosis;
20% live five years or more; and up to 10%
survive for more than 10 years.'

ALS was first described in 1869 by the
French neurologist Jean-Martin Charcot.
The disease gained wide recognition in the
United States after the baseball player Lou
Gehrig announced his ALS diagnosis in
1939. The disorder causes “amyotrophy”—
the atrophy of muscle fibers—and
“lateral sclerosis”—the changes seen in
the lateral columns of the spinal cord when
upper motor neuron axons in these areas
degenerate and are replaced by fibrous
astrocytes. Although the cause of ALS is
unknown, about 5% of patients have a family
history of the disease. Studies conducted
in twins show a genetic contribution with
a heritability of about 61%.>>

Although there is no cure for ALS, avail-
able treatments can extend the length of
quality of life in most patients. As the
mainstay of ALS therapy, the American
Academy of Neurology recommends
adaptive treatments directed at the clini-
cal manifestations of the disease, which
include enteral nutrition via percutane-
ous endoscopic gastrostomy to stabilize
body weight in patients with impaired
oral intake, noninvasive ventilation to
treat respiratory insufficiency to prolong
survival and slow the decline of forced
vital capacity (FVC), and mechanical insuf-
flation/exsufflation to clear secretions in
patients with reduced peak cough flow,
particularly during an acute respiratory
infection. The first drug approved by the
Food and Drug Administration (FDA) for
the treatment of ALS was riluzole, which
should be offered to all patients with
ALS to slow disease progression.’>'" In
May 2017, the FDA approved edaravone
(Radicava, Mitsubishi Tanabe Pharma
America), a novel neuroprotective agent
indicated to slow the advance of ALS.

Figure 1 Chemical Structure of
Edaravone"

DESCRIPTION

Edaravone, a member of the substi-
tuted 2-pyrazolin-5-one class, has the
chemical name 3-methyl-1-phenyl-2-
pyrazolin-5-one. It is a white crystalline
powder with a melting point of 129.7° C
and is freely soluble in acetic acid, metha-
nol, or ethanol, as well as slightly soluble
in water or diethyl ether. The molecu-
lar formula of edaravone is C1pH190N2O
(Figure 1), and the molecular weight is
174.20. Edaravone is available as a clear,
colorless liquid provided as a sterile
injection solution supplied for intrave-
nous (IV) infusion in a polypropylene bag
containing 30 mg edaravone in 100 mL
of isotonic solution. Inactive ingredients
include L-cysteine hydrochloride hydrate,
sodium bisulfite, sodium chloride for
isotonicity, and phosphoric acid and
sodium hydroxide to adjust the solution
to a pH of 4.7

MECHANISM OF ACTION

Although the exact mechanism of
action of edaravone in the treatment of
ALS is unknown, its therapeutic effect
may be due to its known antioxidant
properties; oxidative stress is a part of
the process that kills neurons in patients
with ALS. 1718

PHARMACOKINETICS

The maximum plasma concentration
(Cinax) of edaravone was reached at the
end of IV administration during clinical
trials. Studies also showed a trend of a
greater than dose-proportional increase
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in area under the concentration-time
curve (AUC) and Cpax of edaravone,
but no plasma drug accumulation was
observed with multiple dose adminis-
tration. The drug is 92% protein bound,
primarily to albumin, and in the range
of 0.1 to 50 micromol/L will yield no
concentration dependence. The mean
terminal elimination half-lives of edara-
vone and its metabolites are 4.5-6.0 hours
and 2.0-2.8 hours, respectively. The drug
is metabolized to pharmacologically
inactive sulfate and glucuronide conju-
gates by multiple uridine diphosphate
glucuronosyltransferase (UGT) isoforms
in the liver and kidney, particularly during
glucuronide conjugation. Edaravone is
mainly detected as the sulfate conjugate
in human plasma formed by sulfotransfer-
ases. It was excreted mainly in the urine
as its glucuronide conjugate form after
70% to 90% of the dose was administered
during the studies. Approximately 5% to
10% and 1% or less of the drug was recov-
ered in the urine as sulfate conjugate and
unchanged, respectively.'”

The pharmacokinetics of edaravone
were not affected by age in the geriat-
ric population during clinical trials, and
no significant differences in Cpax and
AUC were observed between Japanese
and Caucasian subjects. There are no
pharmacokinetic data available from
studies in patients with renal or hepatic
impairment.!’

PIVOTAL CLINICAL TRIALS

A double-blind, parallel-group, placebo-
controlled, phase 3 trial was conducted to
establish the efficacy and safety of eda-
ravone for the treatment of ALS. This
36-week confirmatory trial consisted of
a 12-week preobservation period followed
by a 24-week treatment period. Eligible
patients (age range, 20-75 years) in the
studies met the revised Airlie House diag-
nostic criteria defined as “definite ALS,”
“probable ALS,” or “probable laboratory-
supported ALS.” At baseline, patients had
to be able to feed themselves and require
no assistance in activities of daily living;
start the trial within three years of the
onset of ALS; and have an FVC of at least
70%. Patients with dyspnea and deteriorat-
ing respiratory function were excluded.
Patients were randomized to receive
either placebo (n = 104) or edaravone
(n = 102) 60 mg IV infusion once daily
for 14 days followed by a 14-day obser-
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vation period (initial treatment cycle).
Patients then continued to receive edara-
vone 60 mg or placebo for 10 of 14 days
in cycles 2 to 6, each followed by a 14-day
observation period. Primary efficacy was
evaluated based on the change in revised
ALS Functional Rating Scale (ALSFRS-R)
scores. Changes in FVC, grip strength
(left/right mean), pinch strength (left/
right mean), modified Norris scale score,
ALS Assessment Questionnaire—40, and
time to death or a specified state of dis-
ease progression (incapable of indepen-
dent ambulation, loss of function in upper
limbs, tracheotomy, artificial respirator
with intubation, or tube feeding) were
used to evaluate secondary endpoints.

The changes in ALSFRS-R scores at
week 24 were —6.35 + 0.84 in the placebo
group (n = 99) and -5.70 + 0.85 in the
edaravone group (n = 100). The difference
of 0.65 + 0.78 (P = 0.411) was not statis-
tically significant. The only statistically
significant outcome from the second-
ary measures was the pinch strength of
edaravone-treated patients (-0.83 + 0.15)
compared with placebo-treated patients
(1.03 + 0.15), a difference of 0.20 + 0.14
(P=0.165). There were no significant dif-
ferences in the safety profile between the
edaravone and placebo groups, but the
trial did not show efficacy of edaravone
to delay the progression of ALS."

However, a six-month, randomized,
placebo-controlled, double-blind study
conducted in Japanese patients with ALS
demonstrated the efficacy of edaravone
for the treatment of ALS. The patients
were randomized to receive placebo
(n = 68) or edaravone (n = 69) 60 mg via
IV infusion over 60 minutes based on the
scheduled protocol, which included an
initial treatment cycle with daily dosing
for 14 days, followed by a 14-day drug-
free period (cycle 1) and subsequent
treatment cycles with daily dosing for
10 of 14 days, followed by 14-day drug-
free periods (cycles 2-6). Change in the
ALSFRS-R total scores from baseline to
week 24 was the primary efficacy end-
point. The decline in ALSFRS-R scores
from baseline was significantly less in the
edaravone group (-5.01 + 0.64) compared
with the placebo group (-7.50 + 0.66)
(P=0.0013).7

WARNINGS AND PRECAUTIONS
Edaravone is contraindicated in
patients with a history of hypersensi-

tivity to edaravone or any of the other
ingredients in the product. Based on
post-marketing reports, patients receiv-
ing edaravone should be monitored care-
fully for hypersensitivity reactions, such
as redness, wheals, and erythema multi-
forme, as well as for signs and symptoms
of anaphylaxis, which include urticaria,
decreased blood pressure, and dyspnea.
If hypersensitivity reactions occur, dis-
continue edaravone, and manage and
monitor patients until the condition
resolves. Because edaravone contains
sodium bisulfite, monitor patients for
sulfite-related allergic reactions, includ-
ing anaphylactic symptoms. Overall prev-
alence of sulfite sensitivity among the
general population is unknown, but it is
more common in patients with asthma.!

Adverse Events

In U.S. clinical trials and in post-
marketing data from outside the U.S.,
the most serious adverse effects reported
with edaravone treatment included hyper-
sensitivity and sulfite allergic reactions,
including anaphylactic symptoms. Bruis-
ing or contusions, gait disturbance,
headache, dermatitis, and eczema were
the most common adverse reactions
observed in 10% or greater of edaravone-
treated patients during the studies. The
adverse reactions that occurred in 2% or
more of edaravone-treated patients and
at least 2% more frequently than in the
placebo group appear in Table 1.7

Patients that are receiving edaravone
are advised to notify health care providers
immediately or go to the nearest emer-
gency room if experiencing hives, swell-
ing of the lips, tongue, or face, fainting,
difficulty breathing, wheezing, trouble
swallowing, dizziness, itching, or an
asthma attack.

Use in Specific Populations™

Pregnancy and Lactation

No human data are available regarding
edaravone-induced fetal developmental
risk in pregnant women. At therapeutic
doses, edaravone was associated with
developmental effects, such as increased
mortality, decreased growth, delayed
sexual development, and altered behav-
ior, in animal studies. The excretion of
edaravone in human milk, its effects on
the breastfed infant, or the effects on milk
production are unknown.



Table 1 Adverse Events Occurring in = 2% of Edaravone-Treated

Patients and > 2% More Frequently Than in Placebo Patients*"”

Adverse Event Edaravone Placebo
(n=184) (n=184)
% %
Contusion 15 9
Gait disturbance 13 9
Headache 10 6
Dermatitis 8 5
Eczema 7 4
Respiratory failure, respiratory disorder, hypoxia 6 4
Glycosuria 4 2
Tinea infection 4 2
* Data from pooled, placebo-controlled trials.

Geriatric and Pediatric Use

No differences in the safety and effi-
cacy of edaravone were observed in
geriatric patients with ALS compared
with the adult population younger than
age 65 years, based on three placebo-
controlled trials; however, older patients
may exhibit greater sensitivity to the
drug. Edaravone has not been evalu-
ated in patients younger than the age of
18 years.

Renal and Hepatic Impairment

The pharmacokinetics of edaravone in
patients with renal or hepatic impairment
have not been studied. Dosage adjust-
ment is not required in patients with renal
impairment or mild or moderate hepatic
impairment.

Drug-Drug Interactions

In vitro studies show that therapeutic
doses of edaravone and its metabolites
are not inhibited by cytochrome P450
(CYP) enzymes, UGT isoforms, or major
transporters in humans. In addition, the
active drug and metabolites of edaravone
at clinical doses do not induce CYP1A2,
CYP2B6, or CYP3A4.

Carcinogenesis, Mutagenesis, and

Impairment of Fertility

Edaravone has not been evaluated for its
carcinogenic potential, but demonstrated
negative mutagenesis iz vitro and in vivo.

DOSAGE AND ADMINISTRATION"

The recommended dose of edaravone
is 60 mg administered via 60-minute IV
infusion once daily for 14 days as the ini-

tial treatment cycle, followed by a 14-day
drug-free period. Subsequent treatment
cycles consist of once-daily dosing for
10 of 14 days, each followed by a 14-day
drug-free period.

Edaravone 60 mg is administered
from two consecutive single-dose poly-
propylene bags each containing 30 mg of
edaravone in 100 mL of clear, colorless
aqueous solution. The infusion rate is
approximately 1 mg or 3.33 mL per min-
ute. The manufacturer recommends that
no other medications should be injected
or mixed with edaravone in the infusion
bag.

P&T COMMITTEE
CONSIDERATIONS

Edaravone is worthy of formulary
consideration for patients with ALS. One
60-minute 60-mg infusion (supplied as two
30-mg/100-mL infusion bags) has an aver-
age wholesale price of $1,303.2 It may be
aviable alternative after the failure of rilu-
zole therapy, the first and only oral treat-
ment for ALS. Riluzole delays the onset of
ventilator dependence or tracheostomy in
select patients and may increase survival
by approximately two to three months.
In the Japanese trial of edaravone, the
drug significantly slowed the decline in
ALSFRS-R scores compared with pla-
cebo. There are no significant safety
warnings with edaravone, and clinical
trials demonstrated no significant dif-
ferences between the placebo and eda-
ravone groups with respect to death,
serious adverse effects, or treatment
discontinuation. Edaravone requires IV
infusion on a regular dosing schedule,
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which may be limited by the availability of
infusion centers and may pose travel chal-
lenges for patients with this progressive,
degenerative disease.

CONCLUSION

The pathophysiology of ALS remains
poorly understood. Riluzole, the first
FDA-approved treatment for the disease,
provides limited benefit to patients. More
recently, edaravone, a potent pyrazolone
free radical scavenger and antioxidant,
was approved for the treatment of ALS
and is theorized to decrease the effects
of oxidative stress in ALS. The safety of
edaravone in patients with severe renal
impairment, end-stage renal disease, or
moderate-to-severe hepatic impairment
remains to be studied. Further clinical
studies with longer durations are war-
ranted to better establish the efficacy of
edaravone for the treatment of ALS.
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