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Ahstract

Edaravone, a novel free radical scavenger, demonstrates
neuroprotective effects by inhibiting vascular endothe-
lial cell injury and ameliorating neuronal damage in isch-
emic brain models. The present study was undertaken to
verify its therapeutic efficacy following acute ischemic
stroke. We performed a multicenter, randomized, place-
bo-controlled, double-blind study on acute ischemic
stroke patients cornmencing within 72-h of onset. Edara-
vone was infused at a dose of 30 mg, twice a day, for 14
days. At discharge within 3 months or a1 3 months after
onset, the functional outcome was evaluated using the
modified Rankin Scale. Two hundred and fifty-two pa-
tients were initially enrolled. Of these, 125 were allocated
to the edaravone group and 125 to the placebe group for
analysis. Two patients were excluded because of sub-
arachnoid hemorrhage and disseminated intravascular
coagulation. A significant -improevement in functional

! Steering Committes Members: H. Tohgi, MD. K. Kogure, MD, 5. Hiri, MD,
K. Takakurz, MD, A. Terashi, MD. F. Gotob, MD. S. Mzruyama, MD, Y. Taza-
ki, MD, Y. Shinchars, MD, E. Jto, MD, T. Sawada, MD, T. Yamaguchi, MD,
H. Kilouachi, MD, 5. Kobayashi, MD, M. Fusishima, MD, M. Nakashima, MD,

outcome was observed in the edaravone group as evalu-
ated by the modified Rankin Scale {p = 0.0382). Edara-
vone represents a neuroprotective agent which is poten-
tially useful for treating acute ischemic strake, since it
can exert significant effects on functional outcame as
compared with placebo.

-—

Copyright © 2003 5. Karger AG, Basel

Introduction

Data have been accumulated which dernonstrate that
free radicals play a crucial role in brain injury following
ischemia [1-3]. In the ischemic state, the metabolism of
arachidonic acid is accelerated within the brain tissue {4,
5),_including the brain microvessels {6], leading to an
increase in free radical production. Free radicals cause
membrane injury through peroxidation of unsaturated

fatty acids in the phospholipids constituting the cell mem-

brane, and such injury progresses sequentially, leadiog to

ischemic brain injury as represented by neuronal death
aod brain edema [71.

“ A povel Tiee radical scavenger, edaravone (MCI-186,
3-methy)-1-phenyl-2-pyrazolin-S-one, MW: 174.20}, has
been shown to inhibit lipid peroxidation [8] and 1:5(:_51_3!
endotheliat cell injury [9] in vitro. In rat brain ischemic
models, edaravone can ameliosate brain edema (10, 11],
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Table 1. The grade of neurological deficits

Neumlogical Catrgories
deficit 0 ! 2 3 a 5
Aphasia normal no problemsindaily  sfight distuchancein  diffieulty lo almost iropossible to
conversation, but daily conversation understand, but understand
aphasic symptoms possible
patsent
Dysarthria aormal very stight stursio at «asl some  moderale unable to be vnderstood
words, but could be
understood with
somoe difTiculty
Drysphagia normal very slight choking pocasionally  enable o swaliow vnable to swallow
’ occasionslly with
difliculty
Seasory aormal very slight tolerable sensory moderite {oss of sensation andfor
disturbance pasalysis andfor intolerable ebnormal
abnormal sensajion sensalion
Musrle steength of normal able to move .. able to move able to mave when presence of muscle absence of muscle
the legs 2ad 2rms apainst resistapce against gravity gravity was removed  contraction eonkraclion

with mator weakness

tissue injury [8, 12, 13}, delayed neuronal death {14) and
neurological deficits [11, 12]. Additionafly, it can prevent
cerebral vasospasm in canine subarachnoid hemorrhage
raodels[15].

Edaravone was therefore expected to have a neuropro-
tective eflect in cases of acute brain infarction. It was first
evalvated in ap early phase 2 study [ 16] at doses of 20, 30
and 60 mg, twice a day, in 85 patients with acute brain
infarction, and subsequently in a late phase 2 double-
blind study [17] at doses of 10, 30 and 45 mg, twice a day,
in 356 patients within 72 h of onset. The results of these
clinical studies demonstrated improvement in nenrologi-
cal deficits without serious safety problems. On the basis
of the above investigations, the appropriate dosage was
considered to be 30 mg (i.v., b.i.d.) for 14 days.

The present_multicenter, randomized, placebo-con-
trolled double-blind study was carried out in order to veri-
fy the efficacy of edaravone (30 mp, i.v., b.i.d.) in terms of

functional outcome in patients with acute ischemic
stroke, ’

Materials and Methods

Patients
The study vas conductzd al institutions throughout Japan from
December 1993 through March 1996 (see Appendix).
. The critedia for inclusion were as follows: (I} inpatients within
111 after the onset of ischemic stroke including patients that were
both thrombotic and embolic in nature, and (2) patients with a level

Randemized Study of the Edaravone Effect
on Acute Brain Iafarction

of consciousness between O (slert) and 30 {able to be aroused with
mechanical or verbal stimuli) according to the Japan Coma Scale
[1B]. Patients wha could not be arcused with forceful mechanical
stimuli (levels 100-300) were excluded.

Pdor to enrollment in the study, informed consent was oblained
from each patient or the patient’s next-of-kie, iFthe patient was not
competent to take this responsibility. The protocol and consent form
employed during the trial were appraved by each participating cen-
ter's institutional review board. The study was perfored in accor-
dance with Good Clinical Practice (Ministey of Health and Welfare
of Japan). .

Test Drugs and Random Allacotion

The active drug was provided in 20-ml ampoules containing
30 mg of edaravone. Physiological saline, indistinguishable from the
active drug, was used as the placebo. Mitsubishi Pharma Corporation
supplied the tesl drugs. The controller, who randomly allocated the
test drugs, confiomed the indistinguishability.

Dasage and Admintsiration

One ampoule was diluted in 100 ml of physiological saline and
administered by intravenous drip infusion over a period of 30 min,
every 12 h for 14 days. Intravenous infusion of 400-600 ml of 10%
glycerol was allowed to give if needed The use of fibrinolytic

- apents {umkinase and recombinant tissue plasminogen activator),

citicoline, and ozagre! sodium was avoided throvghout the study

. period.

Observation Parameters.

~The patient characteristics, including sex, age, stroke subiype,
time to treatment after onset, level of censciousness according to the
Japan Cdma Scale, neurological deficits evaluated according to

Lable {, associated diseases, and CT or MRI findings, were recorded.
Thrombotic and embolic infarctions were diagnosed according to the

Cerebrovasc Dvis 2003;15:222-229 223
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Table 2. Baseline characieristics

Characteristics Edaravone  Placeba Statistics*
{n=125) {n =125)
Sex (M/F) 82/43 24/4]1 ip=03893
Age, years
=65/65< 42/83 48/17 xp=0.510
Mean £ SD 663 £80 66.1 £ 83 t:p=02836
Stroke sublype
Thrombotic 97 o x%:p = 0.809
Embaolic ez ] 21
Not detecmined 4 3
Time to treatmenl after stroke onset, h
=24 42 3% x:p=0218
25-4% 41 56
48< 42 30
Mean £ SD 3732226 352266 tp=0438
Level of consciousness before treatment®
Alest (0} 13 "81 :p=0.132
Grade 1(1,2, 30 37 27
Grade 1§ (10, 20, 30)? 9 17
Ageregale score for nevrological deficits before treatment
Median {Q1, Q3) 6{4,11) 6(4,10) W:p=0.628
Associated diseases . -
Hypertension 15 N F
Diabetes mellitus 26- 29
CT or MR findings before treatment
Infarction {+/-) 24731 B&/39 rtp=0.324
Middle cerebral artery/othess 15N9 67/19 1 p=0900
Perforatar/cortex. 57133 56129 xLp=0.558
[not deteemined: 1)
Use of 10% glycerol 11! nt 2:p= 1000

1 Japan Coma Scale.

2 Grade]: patient is awake withoot any stimuli, and is: {1) almost fully conscious; (2) unable
to recognize time, place, an¥ person; (3) unable to recall name or date of birth.
1 Grade JI: patient can be aroused (then reverts to previous statz alter cessation of stimula-

tion): (10) easily by being spoken to {or is responsive with purposefol movements, phrases, ot
words), (20} with toud voice or shaking of shoulders (or is almost always responsive to very
simple words like "yes® or "no', or to movernents}; (10} dnly by repeated mechanical stimull

¢ yl=chi-square test; t = | test; W = Wilcoxon's rank sum test.

criteria proposed by Minematsu et ab. [19], in which Lthe mode of

onset, presence or absence of underlying heart diseases and other fac-

lors were included. .
The oulcome was assessed according 19 the modified Rankin

Scale [20] 21 discharge within 3 months or at 3 months after onseL.

Additionally, we collected outcome data at 3, 6 and 12 moaths after

onset.

Physical examinetions and routine clinical laboeatary tests (he-
matology, blood chemistry and urinalysis) were pecformed before the
treatment and on days 7 and 14 of the treatruent.

Handling of the Patients’ Data
The handling of patients with incomplete data was discussed by
the Steering Committee {scc Appendix) belore the key break. The

214 Cecebrovasc Dis 2003;15:222-229

data were {rozen, untit the key codes were broken, and the data znaly-
sis was then performed subsequentdy. The data were subjected lo
intent-to-treal analysis,

Sietisticol Analysis

Comparisons of the modified Rankin Scale were undertaken by
Wilcoxon®s rank sum test, with the eriterion for significance setat 3%
(1wo-tailed).

The Edaravone Acute Biain Infarction
Study Group
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Table 3. Functional ouicome assessed al

discharge within 3 months of at 3 months Fonctional ovteome Edaravone  Placebo

after onset, using the modified Rankin Scale {p=125) {n=129)
0 Nosymptoms at all 27 -12
1 Nosignificant disabilily despite

symptoms 36 35

2 Slight disability % 40
3 Moderate disabitiny 12 12
4  Moderately severe disability 10 15
5 Severedisability 7 6
Death 4 5
Wilcoxan's rank sum test p=0.0332

Tabie 4. Modified Rankin Scale assessed

at 3 months, 6 monthsand 12 monthsaftey ~ Orade 3 Monhs - 6 Months 12 Moaths

onset edaravone  placebo edaravone  placebo edaravone plecebo

{o=115) (n=113) {n = 103) {n=103) (n = T0D) (n=94)
o 26 10 17 9 27 8
! 34 39 35 37 3 a3
2 14 26 i3 23 14 19
k| t0 I 1t 10 g 7
4 9 14 3 $ 4 1t
3 7 7 8 7 6 5
Death 3 [ 6 g 10 9
P 0.0481 00112 0.0248
 Wilcoxon's rank sum lesL
Results Eﬂfcacy

A total of 252 patients were registered; of whom 125
were- assigned to the edaravone group and 127 were
assigned {o the placebo group. Among them, I patient in
the placebo group who had suffered subarachnoid hemor-
rhage and 1 patient in the placebo group who tumed out
to have disseminated intravascular coagulation (DIC) due
t0 ovarian tumnors immediately after the stact of treatrnent
and subsequently died as a result of brain hernia following
hemorrhagic infarction were excluded from the analysis.
Thus, 250 patients, comprising_125 in the edaravone
group and 125 i the placebo group, were eligible for
intent-to-treat analysis. i

The patient characteristics of the two groups were com-
parable as shown in table 2. There was no difference
between both groups.

Raadomized Study of the Edaravone Effect
on Acule Beain Infarction

Table 31ists the results for the analysis using the modi-
fied Rankin Scale performed at discharge within 3
months or at 3 months afier onset. There was a significant
difference (p =0.0382, Wilcoxon's tank sum test) between
the groups in favor of the edaravone group. The average
time from oaset {0 assessment was 49 days in the edara-
vone group and 50 days ia the placebo growp. Additional-
ly, based on the outcome data at 3, 6 and 12 months after
onset, the above benefit was sustained for relatively lon-
ger as shown in table 4, When subset analysis was under-
taken for the patients treated within 24 h, the difference
between the two groups was clearer than that inthe whole
patient analysis, as shown in table 5.

Safety,
Adverse reaclions were observed in 9 patients (7%) in
the edaravone group and in 14 patients (11 %) in the pla-

Cerebrovase Dis 200):15:272-19 225
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Table S. Modified Rankin Scale assessed al
discharge within 3 manths or at 3 months
after onset, in patients treated within 24 h

afler onset
Grade Edsravone Placebo
{n=42) (n=139)
.0 14 {
1 10 [
2 8 13
3 L 3
4 2 g
5 2 4
Death 1 4
p=0.00012

*  Wilcoxon's rank sum test,

cebo group. Such reactions in _the edaravone group con-
sisted of skin rash in 4 patients, abnormal liver function in
_3, itching and nausea in 1, and fever and abnormal liver
function in 1, but recovery was achieved during or after
the treatment. In the placebo group, the adverse reactions
that occurred mmcluded skin rash in 2 pabents, abnommal
liver function in 6, diarthea, fever and acule renal failure
in 1,a bleeding tendency and DIC in 1, increases in white

blocd cell, lactate dehydrogenase and serum amylasein |,

epigastric discomfort in 1, anxiety attack and dyspnez in
}, and anemia and abnormal liver function in 1. Abnor-
mal changes in laboratory tests were observed maioly to
involve parameters of the liver functions (aspartate ami-
notransferase, ajlanine aminotransferase, lactate dehydro-
genase, alkaline phosphatase, y-glutamyl transpeptidase),
and the proportions of patients with such changes
amounted to about 10% in each group.

Four patients in the edaravone group and S patients in
the placebo eroup died. The causes of death’ia the edara-
vone group were exacerbation of brain infarction, sudden
cardiac arrest, pneumonia, and suicide due to mental
depression in 1 patient each, and the relation ta the test

Discussion

Neuroprotective drugs are expected to extend Lhe ther-
apeulictime window after stroke with fibrinolytic therapy
by inhibiting cell death and blocking reperiusion injury,
and a combination of both drugs could provide new weap-
ons for effective treatment of stroke in the future (21].
Seveial studies have indicated the presence of an area of
constrained blood flow with pantially preserved enerpy
metabolism, the socalled ischemic penwmbra, around the
jischemic core within the brain of animal models as well as
stroke patients, allowing drugs to reach and prevent the
progress to infarct in this area [22-24). Drug treaiments
for acute ischemic stroke can be roughly divided i into anti-
thrombotic agents, such as thrombolytics, antlcoagulanls
and antiplatelets, and neuroprotective agents, such as free
radical scavengers.

Edaravone has been reported to inhibit vascular endo-
thelial cell injury [9], brain edema [10, 11], tissue injury

{8,-12, 13] and delayed neuronal death [!4], and conse-

quently lessens neurological deficits (21, 12]. Additional-

ly, preservation of N-acetyl-aspartate, a neuson-specific
amipo acid, in the ischemic brain of edaravone-treated
patients as revealed by sequential MR spectroscopic ex-
aminations has been reported [25]. In terms of its chemi-
cal characteristics, edaravone can inhibit peroxidation of
the phosphatidylcholine liposomal membrane initiated
by water-soluble as well as lipid-soluble radicals, which.
makes it comparable to ascorbic acid and a-tocopheral,
which are well-kmown zntiéxidants [26]. Contrary to su-
peroxide dismutase, another free radical scavenger, which
has difficulty in penetrating the blood-brain barrier
(BBB), edaravone is a low-molecular-weight radical scav-
enger, of which the BBB permeability has been estimated
to be around 60% [27], eliminating highly cytotoxic
hydroxyl radicals in the brain following intravenous ad-
ministration [14]. In fact, edaravone can diminish in-
creases in the levels of hydroxyl radicals after infusion
which appear (o be preferentially produced in the perifo-
cal ischemic area, possibly the ischemic penumbra, result-
ing in reducing the extent of braia damage [13). Edara-
vone does not affect blood coapulation, platelet agprepa-

drug was judged to be nil. In the placebo group, the causes

tion, fibrinolysis or bleeding tirne [28, 29, so that there is

of death compnsed exacerbation of brain infarction in 1

no additional risk of bleeding. Fdaravore is therefore

patient, advanced brain edema or tonsillar herniation in
2, pnewnonia in I, and DIC assumed to be due 1o lasge
“infarct and liver cimmhosisin 1.

226 Cerebrovase Dis 2003;15:222-22%

regarded as a readily utifizable neuroprotective drug with
a free radical scavenging action. The effective concentra-
tion of this drug in in vitro experiments was found to be
10-¢-10-% molA, and the plasma concentration at an
effective dose in animal experiments was 988-1,729 r_lg/
ml (5.7-9.9 x 10-® mol/l) [30). The pharmacokinetics

I

The Edaravone Acvte Brain Infacction
Study Group
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have been investigated in healthy volunteers, and the
Crar and AUC were found to increase in proportion to the
dose [31]. Further, the plasma concentration of the drug
when administered to the elderly at the same dose as
that employed in the present study was reported to be
1,041 ng/ml (6 x 10-¢ mol/l) [32]. The effective concen-
tration in nonclinical studies and the plasma copcenira-
tion encountered in actval clinical practice agree well.

As regards the time o treatmeot after the onset of
stroke, we set the inclusion criterion as within 72 b, since
the time did not appear {0 influence the efficacy so much
in the Jate phase 2 study {17]. In general, the duration of
brain edema in humans is several times longer than that
in the rat which shows a tendency lo decrease afler 3 days
of infarction [33]. Recently, Matsui et al. [34] indicated
that the infarct volume slowly increased from 24 h until as.
late as [68 b after permanent focal ischemia in rats, and
Peterset al. [35] suggested prolonged oxidative stress after
cerebral infarct, which can trigger intraparenchymal neu-
trophil infiltration leading to oxidative damages of BBB
and neuronalcells persisting for at least 5 days ot longerin
patients [36].

The data obtained in the present study demonstrated
that the effects of edaravone on the functional outcome
wetre significantly superior to those of the placebo. During
12 months of follow-up, the outcome data indicated a sus-
tained benefit for-edaravone in acute ischemic stroke
patients. As regards the time to treatment after stroke
anset, the resvlts for the patients treated within 24 h were
clearer than those for the patients treated within 72 h after

onset. .
The major adverse reactions were skin rash and abnor-
mal tiver functioa, but their incidence did not differ sig-
nificantly between the groups, or was rather more fre-
quent in the placebo group when considering other ad-
verse reactions. There were thus no scrious problems in
terms of safety. -

These findings suggest that edaravone exerts a neuro-
protective effect in humans, and has a promisiag potential

for clinical use. Besides the neuroprotective action evi-

dent in the single treatment described above, edaravone,
ducto the absence of a bleeding risk, can also be expected
to offer future advanlages_in combination therapy with
fibrinolytic agents and antithrombotics by scavenpingthe
free radicals associated with reperfusion inj ury, leading to
an expansion of the therapeutic time window. We there-
fore conclude that edaravone represents a promising neu-
roprotective agent in the treatment of acute ischemic

stroke.

Randomized Study of the Edaraveone Effect
on Acule Brain Infarction
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edaravone (MCI-186), on acute brain infarction. Randomized, placebo-controlled,
double-blind study at multicenters. [Clinical Trial. Journal Article. Multicenter Study.
Randomized Controlled Triall Cerebrovascular Diseases. 15(3):222-9, 2003,
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edaravone (MCI-186), on acute brain infarction. Randomlzed placebo-controlled,
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EE‘? v ADE DOFH Critical Appraisal (Step3)| :

X : Edaravone Acute Infarction Study Group. Effect of a novel free radical scavenger,

edaravone (MCI-186), on acute brain infarction. Randomized, placebo-controlled,

double-blind study at multicenters

D T2 R LAPICRIE LR EO RS, EHFER 66, Bkith Lo_
: I—ﬁ”?iﬁ‘/. 30mg, 1 B 2[6], 14 B4
T FTRL

: functional outcome DZE{L

O aow"

TS

1 - DERORBROBRIIREM?

A

1. BEDBERA~OE D HTIIEFERD?  Yes,

2. .Intent-tt)'treat fEAT D2 Yes,

B.

1. Double blind #:? Yes,

2. EBOBERUSMI, WTHOBLREC L S ICHBERSNLEN?  Yes,
3. ABRMBIFC, WThoBELEELTWE2?  Yes,

Table2 o= LTW5 8, £, @b, stroke subtype, SO OB, BHRATOER
WS, HEEEORE, BERE (BLE, #RK OFE, CT & MRI OFTR TR
HEERIICHRZEIT RV,

ILr DAL RBROT Y RS EEN?

* Table 3. Functional outcome assessed at
discharge within 3 months or at 3 months
after onset, using the modified Rankin Scale

Functional cutcome Edaravone Placebo
{(n=1295) {n=1295)

0 Nosymptomsat all‘ 27 12

No significant disability despite

symptoms 36 35
2 Slight disability 29 _ 40
3 Moderate disabilily 12 12
4 ~'Moderately severe disability 10 15
5 Severe disability 7 6
Death 4 5
Wilcoxon's rank sum test p=0.0382
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