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ABSTRACT

BACKGROUND

NXY-059 is a free-radical-trapping agent that is neuroprotective in animal models
of stroke. We tested whether it would reduce disability in humans after acute is-
chemic stroke.

METHODS

We conducted a randomized, double-blind, placebo-controlled trial involving 1722
patients with acute ischemic stroke who were randomly assigned to receive a 72-
hour infusion of placebo or intravenous NXY-059 within 6 hours after the onset of
the stroke. The primary outcome was disability at 90 days, as measured according
to scores on the modified Rankin scale for disability (range, 0 to 5, with 0 indicat-
ing no residual symptoms and 5 indicating bedbound, requiring constant care).

RESULTS

Among the 1699 subjects included in the efficacy analysis, NXY-059 significantly
improved the overall distribution of scores on the modified Rankin scale, as com-
pared with placebo (P=0.038 by the Cochran—Mantel-Haenszel test). The common
odds ratio for improvement across all categories of the scale was 1.20 (95 percent
confidence interval, 1.01 to 1.42). Mortality and rates of serious and nonserious
adverse events were each similar in the two groups. NXY-059 did not improve neuro-
logic functioning as measured according to the National Institutes of Health Stroke
Scale (NIHSS): the difference between the two groups in the change from baseline
scores was 0.1 point (95 percent confidence interval, —1.4 to 1.1; P=0.86). Likewise,
no improvement was observed according to the Barthel index (P=0.14). In a post
hoc analysis of patients who also received alteplase, NXY-059 was associated with
a lower incidence of any hemorrhagic transformation (P=0.001) and symptomatic
intracranial hemorrhage (P=0.036).

CONCLUSIONS
The administration of NXY-059 within six hours after the onset of acute ischemic
stroke significantly improved the primary outcome (reduced disability at 90 days), but
it did not significantly improve other outcome measures, including neurologic func-
tioning as measured by the NIHSS score. Additional research is needed to con-
firm whether NXY-059 is beneficial in ischemic stroke. (ClinicalTrials.gov number,
NCT00119626.)
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CUTE STROKE IS THE SECOND LEADING

cause of death in industrialized countries*

and the leading medical cause of acquired
adult disability. Rapid intervention after the on-
set of a stroke can limit neurologic damage and
improve patients’ recovery of functioning.? In
most countries, only thrombolysis with the use
of alteplase is currently approved for treatment,
and it must be initiated within the first three
hours after the onset of an acute ischemic stroke.
The brief window of time and a perceived risk of
bleeding, along with an absolute necessity for
neuroimaging before the treatment can be ini-
tiated and the required training in the use of
alteplase, have limited its application to less than
5 percent of patients with stroke, even in the
United States.3 There is a pressing need for a more
widely applicable therapy.

So far, neuroprotection in patients with stroke
has been unsuccessful.#* To help in the identifi-
cation of potential treatments, the Stroke Ther-
apy Academic Industry Roundtable (STAIR) group
has recommended criteria that should be met
before a putative neuroprotectant is evaluated in
advanced clinical trials.® A major contributor to
brain injury after stroke is tissue oxidation as a
result of processes initiated by free radicals.
Studies in genetically modified mice that over-
express or are deficient in antioxidant proteins
indicate that the capacity for an antioxidant de-
fense critically influences the extent of perma-
nent brain damage after ischemia.” NXY-059 is
a free-radical-trapping agent® that reduces the
size of the infarct and preserves brain function-
ing in animal models of acute ischemic stroke
and is a neuroprotectant that meets the STAIR
criteria.®°1¢

We report the results of the Stroke—Acute Is-
chemic NXY Treatment (SAINT I) study, the first of
two efficacy trials involving patients with acute
ischemic stroke, in which clinically attainable
plasma concentrations of the study drug were
used that have an acceptable adverse-event pro-
ﬁle.l7,18

METHODS

STUDY DESIGN

We conducted a randomized, double-blind, pla-
cebo-controlled trial in which patients were en-
rolled from May 2003 through November 2004 at
158 hospitals in 24 countries. The trial was ap-
proved by local and national institutional review

boards, and informed consent was obtained from
the patients or from legally acceptable surrogates.
The steering committee developed the trial pro-
tocol, approved the statistical plan, had full ac-
cess to the data, wrote the manuscript, and was
responsible for decisions with regard to publica-
tion. The academic authors vouch for the veracity
and completeness of the data and the data analy-
ses. An independent data safety monitoring board
conducted safety reviews and a futility analysis.

PATIENTS
Patients were eligible if they were conscious, were
18 or more years of age, had a clinical diagnosis
of acute stroke that had commenced within the
six hours before entry into the study, had limb weak-
ness, and had a score of at least 6 on the National
Institutes of Health Stroke Scale (NIHSS).

STUDY INTERVENTION
Patients were randomly assigned to receive an
intravenous infusion of either NXY-059 or placebo
within six hours after the onset of the stroke, but
each site was required to maintain an average time
from onset of the stroke to treatment of no more
than four hours. Randomization was performed
by telephone with the use of a central interactive
voice-response system that was accessed by the
investigators. Patients undergoing randomization
were stratified according to country, NIHSS score
at baseline, side of cerebral infarct, and intention
to treat with alteplase; we used a dynamic algo-
rithm to maintain a balance of prognostic factors
between the two study groups.’® The study drug
was supplied as a concentrate to be diluted to
15 mg per milliliter in 500 ml of a solution of
0.9 percent saline. The vials containing the study
drug and the placebo were visually identical.
Apart from 11 documented cases, investigators
and assessors were unaware of the treatment
assignments throughout the trial until after the
database was locked; no laboratory test or adverse
event was known to distinguish the active drug
from the placebo. The initial infusion rate was
2270 mg (5940 wmol) per hour, reduced after
1 hour to 480 to 960 mg (1260 to 2520 umol)
(32 to 64 ml) per hour for a further 71 hours,
with the aim of maintaining a target concentra-
tion of 260 wmol per liter. An estimated rate of
creatinine clearance based on the serum creati-
nine concentration?® guided the rate adjustment
(to 44 ml per hour for an estimated rate of cre-
atinine clearance of 51 to 80 ml per minute, and
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32 ml per hour for an estimated rate of creatinine
clearance of 30 to 50 ml per minute) within the
first four hours; patients with an estimated rate
of creatinine clearance below 30 ml per minute
were withdrawn from the study treatment. In all
other respects, patients received the standard of
care for acute stroke.

CLINICAL ASSESSMENT
Patients were formally assessed at enrollment, at
24 and 72 hours after enrollment, and at 7, 30, and
90 days. The initial assessments were focused on
the severity of the stroke according to scores on
the NIHSS (scores range from 0 to 42, with high-
er scores indicating increasing severity) and were
performed by observers trained and certified in
the use of this scale.?* Assessments during follow-
up included functional measures, primarily the
score on the modified Rankin scale (with a range
from 0, indicating no residual symptoms, to 5,
indicating bedbound, requiring constant care)
and the Barthel index (with a range from 0 to
100, with 100 indicating no deficit and 0 indicat-
ing complete dependence).2223 Investigators were
trained, tested, and certified in the use of the
modified Rankin scale, according to a method in-
volving a DVD developed specifically for this trial.

Lower in our hierarchy of tests were two ad-
ditional outcome measures, the Stroke Impact
Scale (SIS) and the European Quality of Life-5
Dimensions (EuroQoL EQ-5D) instrument for
assessing health status and the health-related
quality of life. Scores on the SIS and EuroQoL
EQ-5D visual-analogue scale range from 0 to 100,
with lower numbers indicating a worse quality
of life. Scores on the EuroQoL EQ-5D weighted
index range from -0.59 to 1.0, with negative
scores associated with a quality of life that is
considered worse than death.

SAFETY ASSESSMENTS
While patients were receiving infusions, vital signs
and adverse events were recorded regularly. Sam-
ples for routine laboratory tests obtained at en-
rollment, at 24 hours after the onset of the stroke,
at a further 72 hours, and at day 7 were analyzed
centrally. To assess any effect of NXY-059 on
hemorrhagic transformation after the adminis-
tration of alteplase, neuroimaging was repeated
after 72 hours in patients receiving treatment
with alteplase. Patients meeting the criteria for
progressive stroke (an increase in the NIHSS
score of 4 points) or a new stroke during the first

week also underwent follow-up imaging. Follow-
up scans were read centrally by a radiologist who
was unaware of the treatment allocation.

STATISTICAL ANALYSIS
The statistical analyses were prespecified and
followed the intention-to-treat principle. The pri-
mary end point was the score on the modified
Rankin scale at 90 days or the last rating, ana-
lyzed across the whole distribution of scores with
the use of the Cochran—Mantel-Haenszel test,
with adjustment for stratification variables (NTHSS
score, side of the infarct, and use of alteplase),
and with the use of modified ridit scores (i.e.,
midrank score divided by [the number of obser-
vations+1]), to account for ordered categories.?*
Odds ratios were calculated with the use of pro-
portional-odds logistic regression, assuming a
common odds ratio across all cut points of the
modified Rankin scale, and are provided only as
an estimate of the treatment effect. The odds ratios
were adjusted in the same way as for the primary
end point. The sample size was chosen to provide
90 percent power to detect a common odds ratio
for reduction of disability at 90 days of 1.3.
Deaths were included in the category of worst
outcome (a modified Rankin scale score of 5).

The change from the baseline NIHSS score
(termed coprimary in the study protocol) was es-
timated by analysis of covariance with adjust-
ment for baseline variables (baseline scores on
the NIHSS, the side of infarct, and the use of al-
teplase); deaths from any cause were scored as
42 (worst) on the NIHSS.

Analysis of efficacy outcomes was ordered
hierarchically, and formal statistical testing was
performed only if the preceding end point in the
hierarchy of end points was significant, with
nominal P values reported beyond that point.
The primary end point (modified Rankin scale)
was the first in the hierarchy of end points, and
the trial was considered positive if this end point
was found to be significant, irrespective of end
points lower in the hierarchy.?> Neurologic func-
tioning was deemed to be an important support-
ing outcome measure of stroke recovery. However,
the classification of the NIHSS as the coprimary
end point in the study protocol was not intended
to imply joint testing with the modified Rankin
scale; instead, the intention was for the NIHSS to
serve as the principal end point among the second-
ary end points, and thus as second in the over-
all hierarchy of end points.
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For the safety analysis, patients were consid-
ered as treated, whereas for the efficacy analy-
ses, they were considered as randomized. The
safety end points included death, serious and
nonserious adverse events, laboratory values, vital
signs, and neuroimaging data — neuroimaging
especially for patients receiving thrombolysis.
Analyses conducted post hoc included the com-
parison of the rates of hemorrhagic transformation
after receipt of alteplase and nonparametric ap-
proaches to the examination of the NIHSS data.

The academic authors assume full responsibil-

ity for the completeness, integrity, and interpreta-
tion of the data. The sponsor, AstraZeneca, was
responsible for operational aspects of the trial,
including the data collection, the data storage,
and the analysis, according to the approved
study plan.

RESULTS

BASELINE CHARACTERISTICS
Of 1722 patients who underwent randomization,
1705 received a study infusion; 287 died, and 1387

1722 Patients underwent randomization
1705 (99.6%) Started infusion
17 Did not start treatment

852 Were assigned to placebo

853 Were assigned to NXY-059

858 Received some
NXY-059 and were
included in the
safety population

847 Received only Crossovers
placebo and were 12 Patients assigned to placebo and

included inthe | 7 assigned to NXY-059 crossed over

safety population to the alternative treatment group

6 (0.4%) Withdrew or were lost to
follow-up before first assessment

849 Were included in the efficacy 850 Were included in the efficacy
analysis analysis

174 (10.2%) <75% Infusion or
protocol exclusion

764 Were included in the
per-protocol analysis

761 Were included in the
per-protocol analysis

Figure 1. Disposition of Patients in the Study.

After randomization, 30 patients received the wrong treatment kit and 7 received treatment from more than one kit.
Of these 37 patients, 21 had been assigned to receive placebo and 16 to receive NXY-059. Of the 21 patients in the
placebo group, 12 received some NXY-059 and 7 of the 16 patients in the NXY-059 group received only placebo. For
the efficacy analyses, data on patients were analyzed according to treatment assignment. Among the patients included

in the safety analysis, there was a net shift of five patients to the NXY-059 group. For three patients in each group
there was no follow-up information after the patients received the infusion, and these patients were excluded from
the efficacy analyses, leaving 99.6 percent of the patients in the analyses. The per-protocol population (1525 patients;
89.4 percent of all treated patients) comprised patients who did not have major violations of the study protocol.
The main reason for exclusion was that the infusion was stopped for technical or other reasons not primarily related
to the stroke before at least 75 percent of the target dose was administered.
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completed the 90 days of follow-up. Of the 1705
patients treated, outcome data were not available
for 6; thus, 1699 patients were included in the
efficacy analysis. Of these 1699 patients, 850 re-
ceived NXY-059 and 849 received placebo (Fig. 1).
In the trial population, the mean age was 68.4
years, and 947 of the 1705 patients (55.5 percent)
were men. The two study groups were well bal-
anced with respect to baseline prognostic vari-
ables (Table 1). The mean time from the onset of
stroke to treatment was 3 hours 46 minutes, and
28.7 percent of the patients received treatment with
alteplase. Approximately 96 percent of the pa-
tients assigned to NXY-059 achieved an unbound,
steady-state plasma concentration of NXY-059
greater than 150 pwmol per liter.

CLINICAL OUTCOMES
Among patients who received NXY-059, the dis-
tribution of scores on the modified Rankin scale
for the primary end point of disability at 90 days
was improved, as compared with the placebo
group (P=0.038 by the Cochran—-Mantel-Haenszel
test) (Fig. 2). The odds for improvement integrat-

Table 1. Baseline Characteristics of Patients Included in the Safety Analysis *

Characteristic (N=847) (N=858)

Mean age —yr 68.5 68.4

Male sex — no. (%) 472 (55.7) 475 (55.4)

Mean time from onset of stroke to 3:47 3:45
treatment (hr:min)

Mean NIHSS score 125 12.6

Treated with alteplase — no. (%) 249 (29.4) 240 (28.0)

History — no. (%)

Mean time to administration 2:26 2:27
of alteplase — hr:min

Mean age — yr

Previous stroke

Atrial fibrillation

66.3 65.8

Mean NIHSS score at trial entry 14.5 14.1
585 (69.1) 591 (68.9)

141 (16.6) 5 (14.6)

84 (9.9) 95 (11.1)

Ischemic heart disease 284 (33.5) 275 (32.1)
269 (31.8) 240 (28.0)

Diabetes mellitus 182 (21.5) 161 (18.8)
Use of antiplatelet drugs 273 (32.2) 240 (28.0)
Cardioembolic stroke 378 (44.9) 360 (42.1)

Placebo Group ~ NXY-059 Group

* Scores on the NIHSS (National Institutes of Health Stroke Scale) range from
0, indicating normal functioning, to 42, indicating most severe impairment.
TIA denotes transient ischemic attack.
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ed across all cut points of the scale were increased
by NXY-059, as compared with placebo (odds ra-
tio, 1.20; 95 percent confidence interval, 1.01 to
1.42). The primary analysis considered the full
distribution of scores on the modified Rankin
scale, but the difference when we categorized the
scores into 0 to 1 versus 2 to 3 versus 4 to 5, as
used elsewhere,* was significant (P=0.03) and
two of the five possible separate dichotomiza-
tions were also significant: a further 3.7 percent
of patients recovered the ability to walk (modi-
fied Rankin scale score, <3; P=0.02) and a fur-
ther 4.4 percent of patients were completely cured
(modified Rankin scale score, 0; P=0.003). In an
analysis of the distribution of the scores in the
per-protocol population, the benefit remained
(Cochran—Mantel-Haenszel test, P=0.028) (Fig. 2).
Consistent with findings at 90 days, NXY-059 im-
proved outcomes at 7 and 30 days (odds ratio,
1.31; 95 percent confidence interval, 1.09 to 1.57;
and odds ratio, 1.27; 95 percent confidence inter-
val, 1.07 to 1.52, respectively). Among survivors,
functional outcome, as measured on the modi-
fied Rankin scale and analyzed by the Cochran—
Mantel-Haenszel test, was improved (P=0.007).
NXY-059 had no effect on the prespecified
analysis of the coprimary neurologic end point:
the difference between the two groups in the
change from baseline was only 0.1 point in the
average NIHSS score (95 percent confidence in-
terval, -1.4 to 1.1; P=0.86). NIHSS scores showed
a skewed bimodal distribution, which may have
compromised the planned parametric analysis;
however, a post hoc nonparametric analysis of
the scores (by the Cochran—Mantel-Haenszel test,
as used for the analysis of scores according to
the modified Rankin scale) was also not statisti-
cally significant (P=0.10). In additional post hoc
analyses, complete neurologic recovery (NIHSS
score, 0) was more common after treatment with
NXY-059 (21.9 percent of those in the NXY-059
group and 17.3 percent of those in the placebo
group; odds ratio, 1.39; 95 percent confidence in-
terval, 1.08 to 1.79; P=0.01), but the difference be-
tween the two groups in the frequency of excel-
lent neurologic outcomes (NIHSS score, 0 or 1) was
not statistically significant (33.1 percent in the
NXY-059 group vs. 30.9 percent in the placebo
group; odds ratio, 1.13; 95 percent confidence
interval, 0.90 to 1.41; P=0.28). We did not intend
to test scores according to the Barthel index or
other secondary end points formally unless end
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points with higher priority were significant, but
most nominal P values were greater than 0.05
(Table 2).

There was no significant interaction between
the treatment effect of the investigational drug
and stroke severity, treatment with alteplase, or
time from the onset of stroke to treatment, indi-
cating that the treatment benefit is present irre-
spective of these factors (P=0.72, P=0.93, and
P=0.92, respectively, for interaction). Such anal-
yses inevitably have low power, however, espe-
cially because the distribution of times from the
onset of stroke to treatment is narrow and the
proportion of patients receiving alteplase was
small. We explored analyses of numerous other
subgroups to assess the effect of baseline prog-
nostic factors or coexisting conditions on the
treatment effect but found no evidence of nominal
significance for any biologically likely factor.

SAFETY ANALYSIS
Mortality was unaltered by treatment with NXY-059
(146 patients [17.0 percent] died in the NXY-059
group and 141 patients [16.6 percent] in the pla-
cebo group; P=0.89 by the log-rank test) (Fig. 3).
Slightly fewer patients in the NXY-059 group had
adverse events than in the placebo group (662 vs.
670, respectively; 295 vs. 313 patients, respectively,
had serious adverse events). Fewer patients in the
NXY-059 group discontinued treatment because
of adverse events than in the placebo group (45 vs.
60, respectively). With few exceptions (such as
hypokalemia during infusion, which occurred in
6.4 percent of patients receiving NXY-059, as com-
pared with 4.4 percent receiving placebo), there
was no imbalance between the two groups in any
adverse event and no significant change in routine
laboratory values (Table 3).

In the post hoc analysis of patients treated
with alteplase, hemorrhagic transformation was
less common among those receiving alteplase and
NXY-059 than among those receiving alteplase
and placebo (P=0.001). Symptomatic hemorrhag-
ic transformation (an increase in the NIHSS score
of at least 4 points within 36 hours plus any
blood on neuroimaging after receipt of alteplase)
occurred in 6 of 240 patients who received
NXY-059 (2.5 percent) and 16 of 249 patients as-
signed to placebo (6.4 percent) (P=0.036); asymp-
tomatic hemorrhage occurred in 31 of 240 pa-
tients who received alteplase and NXY-059 (12.9
percent) and 52 of 249 patients who received al-

N ENGL ) MED 354;6 WWW.NEJM.ORG

A
Score
JO0 D1 [d2 @3 M4 M 5orDeath
Placebo group [ 11.0 [ 200 [ 117 [ 127 20.6 24.0
NXY-059 group| 154 | 180 [ 11.4 | 142 16.9 24.0

Proportion of Patients in the Efficacy Population (%)

Improvement in 4.5 2.4 2.2 3.7 0.0
NXY-059 Group (%)

B

Placebo group [ 105 | 203 [ 122 | 125 20.8 23.7
N

NXY-059 group| 154 [ 185 [ 115 | 146 17.6 22.4

Proportion of Patients in the Per-Protocol Population (%)

Improvement in 4.9 3.1 2.4 4.5 1.3

NXY-059 Group (%)

Figure 2. Primary Outcome at 90 Days, According to Scores on the Modi-
fied Rankin Scale.

P=0.038 for the comparison between patients in the two study groups in-
cluded in the efficacy population (Panel A). P=0.028 for the comparison
between patients in the two groups included in the per-protocol population
(Panel B). Percentages are rounded to nearest decimal place. P values were
calculated with the use of the Cochran—Mantel-Haenszel test. Percentages
below the bars are the differences in the proportions of patients who attained
a particular score or range of scores on the modified Rankin scale between
the treatment group and the placebo group.

teplase and placebo (20.9 percent). Among those
not receiving thrombolysis, computed tomograph-
ic scanning prompted by neurologic deterioration
or other clinical indications occurred equally com-
monly in the two groups (69 of 618 patients in
the NXY-059 group [11.2 percent] vs. 65 of 598
patients in the placebo group [10.9 percent]). Of
those who received NXY-059, 20 patients of the
69 (29 percent) had any form of intracranial hem-
orrhage, as compared with 20 patients of the 65
(31 percent) in the placebo group.

DISCUSSION

This trial of NXY-059 for acute ischemic stroke
showed a benefit in terms of the prespecified pri-
mary end point, a reduction in disability as mea-
sured by the modified Rankin score at 90 days.
This benefit was seen at both ends of the scale:
4.4 percent more patients who received the study
drug became asymptomatic (modified Rankin
score, 0), and 3.7 percent more were able to walk
without help (score, 0 to 3), as compared with
those in the placebo group.
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Table 2. Efficacy of the Study Drug at Day 90 or at the Last Rating.*
Difference between
Outcome Variable Placebo Group NXY-059 Group NXY-059 and Placeboy P Value
% or score (95% Cl)
Modified Rankin scale score (primary end point)
No. of patients 849 850
Score — no. (%)
0 93 (11.0) 131 (15.4) 44
1 170 (20.0) 153 (18.0) -2.0
2 99 (11.7) 97 (11.4) -03
3 108 (12.7) 121 (14.2) 15
4 175 (20.6) 144 (16.9) -3.7
5 (or death) 204 (24.0) 204 (24.0) 0 0.038
Change from baseline in total NIHSS score
(coprimary outcome)
No. of patients 851 851
Score — LSM +SE -1.7+0.5 -1.8+0.5 -0.1 (-1.4t0 1.1) 0.86
Barthel index (dichotomized analysis)
No. of patients 848 850
Score, 295 — no. (%) 346 (40.8) 368 (43.3) 25 0.14
Stroke Impact Scale
No. of patients 676 669
Score — LSM +SE 63.4+1.1 66.2+1.1 2.8 (-0.3t05.9) 0.08
EuroQoL EQ-5D (weighted index)
No. of patients 816 819
Score — LSM +SE 0.43+0.013 0.47+0.013 0.04 (-0t0 0.07) 0.06
EuroQoL EQ-5D (VAS)
No. of patients 671 670
Score — LSM +SE 62.0+0.9 64.5+0.9 2.5 (-0.1t0 5.0) 0.05

594

The planned coprimary analysis with the use
of a scoring system for neurologic functioning
(NIHSS) did not show a significant benefit of
NXY-059, however. There was no statistically sig-
nificant interaction between the investigational
drug and stroke severity, treatment with alteplase,
or time from the onset of stroke to treatment,
indicating that the treatment benefit is present
irrespective of these factors. Two important con-
siderations are safety and the adverse-event pro-
file. Both survival and the incidence of serious
and nonserious adverse events were similar in the
two groups, as was the case in previous trials.18

The modified Rankin scale is robust and
simple, easily understood by patients and layper-
sons, and has reasonable properties for statisti-
cal analysis.2° This scale reflects aspects of recov-

ery from stroke that are directly important to
patients’ daily activities, and the categories of the
scale distinguish clinically important states.
Analysis with the use of the entire distribution
is both more powerful and more relevant to a
neuroprotectant than is the use of dichotomiza-
tion.?” Our use of the modified Rankin scale was
rigorous, requiring all those who performed the
rating to be certified as competent after under-
going training with the use of a specially devel-
oped DVD program, written guidelines, and a
formal, standardized rating test involving five
cases.

The NIHSS was designed to score the severity
of stroke at entry into stroke-treatment trials,
and not as an outcome measure. Its inclusion as
the principal supporting coprimary end point was
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Table 2. (Continued.)
Difference between
Outcome Variable Placebo Group NXY-059 Group NXY-059 and Placeboy
% or score (95% Cl)
Stroke Impact Scale
Social participation
No. of patients 672 668
Score — LSM +SE 55.8+1.2 57.5+£1.2 1.7 (-1.7t0 5.0)
Communication
No. of patients 674 669
Score — LSM +SE 79.1+0.9 80.1+0.9 1.0 (-1.6t0 3.7)
Memory and thinking
No. of patients 674 669
Score — LSM +SE 75.1£1.0 76.6+1.0 14 (-1.4t04.2)
Emotion
No. of patients 671 666
Score — LSM +SE 69.7+0.7 69.9+0.7 0.1 (-1.8t02.1)
VAS recovery
No. of patients 672 667
Score — LSM +SE 61.7+1.0 64.7+1.0 3.1 (0.4t05.7)

P Value

0.33

0.43

0.31

0.88

0.02

* The results are shown according to the prespecified, hierarchical, sequential testing of outcomes at day 90 or the last rating. Each end point
was tested independently. Outcomes are listed in the order of testing. Lower-ordered end points were to be subjected to formal statistical
testing only if all higher-ordered end points had a P value of less than 0.05. Only higher-ordered end points were subjected to formal test-
ing; other P values are descriptive. Scores on the modified Rankin scale, in six categories, range from 0, indicating no residual symptoms, to
5, indicating bedbound, requiring constant nursing care. Scores on the NIHSS range from 0, indicating normal functioning, to 42, indicating
most severe impairment. Scores on the Barthel index, in increments of 5 points, range from 100, indicating no help required for activities of
daily living, to 0, indicating total dependence. All Stroke Impact Scale measures and scores on the EuroQoL EQ-5D VAS range from 0, indi-

cating worst, to 100, indicating best. Scores on the EuroQol EQ-5D weighted index range from -0.59, indicating worst, to 1.0, indicating

best. Cl denotes confidence interval, NIHSS National Institutes of Health Stroke Scale, LSM least-squares mean, EuroQoL EQ-5D European
Quality of Life-5 Dimensions, and VAS visual analogue scale.
T The value is the percentage in the NXY-059 group minus the percentage in the placebo group for each category.

influenced by European regulatory advice.2® The
change in the NIHSS score from baseline to the
last rating was not improved by treatment with
NXY-059; however, the planned parametric analy-
sis was compromised by the bimodal distribution
of changes in scores, partly because of the arbi-
trary score of 42 (worst) assigned to patients
who died. In a post hoc analysis with use of an
accepted alternative test,*3° NXY-059 was not
associated with a significant increase in the num-
ber of patients who achieved an NIHSS score of
no more than 1, but the odds ratio and confi-
dence limits were consistent with the results ac-
cording to the modified Rankin scale. A consid-
erably larger study is needed to assess secondary
outcome measures reliably.

Several features attest to the validity of the
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results. Patients and investigators remained strict-
ly unaware of the treatment assignments, and the
blinding was not compromised by the occurrence
or nature of adverse events. Data were missing
only rarely, and missing data were handled con-
servatively. Prognostic factors that influence
stroke outcome were well matched and showed
no interaction with the treatment effect. The
per-protocol analysis confirmed the result of the
intention-to-treat analysis. We examined the ef-
fect of treatment at 7 and 30 days, when any
dilutional effect of unrelated conditions and age
would be less: a greater benefit with NXY-059
was seen at both times. There was also evidence
of a biologic signal in patients treated with al-
teplase: the reduction in the occurrence of intra-
cerebral hemorrhage is consistent with protec-
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Figure 3. Survival.

There were 146 deaths (17.0 percent) in the NXY-059 group and 141 deaths
(16.6 percent) in the placebo group (P=0.89 for the comparison between
the two groups by the log-rank test).

tion by NXY-059 of endothelial cells against
oxidative stress.t1,31,32

If the result according to scores on the mod-
ified Rankin scale is confirmed, the extent of
the treatment benefit would be clinically impor-
tant in light of the disabling nature of stroke.
According to the dichotomized approach to out-
come, which is commonly used, the number
needed to treat would be 22 to produce cure or
27 to restore ambulation after stroke. However,
dichotomization underestimates treatment ben-
efits in stroke, since individual cut points are
relevant only to a fraction of patients.?* We de-
signed the trial to test for improvements in out-
come across a range of potential disabilities,
rather than to provide evidence of movement
across an arbitrary threshold. This design en-
hances the power of the trial, since it uses sta-
tistical information that would otherwise be dis-
regarded. It also reflects the theoretical effects

Table 3. Safety Outcomes Recorded over 90 Days of Follow-up.*
Placebo Group NXY-059 Group Difference
Event (N=847) (N=858) between Groups
%
Serious adverse event — no. (%)
Stroke in evolution 63 (7.4) 55 (6.4) -1.0
Ischemic stroke 22 (2.6) 33 (3.8) 1.2
Pneumonia 18 (2.1) 17 (2.0) -0.1
Cardiac failure 0.8) 16 (1.9) 11
Bronchopneumonia 12 (1.4) 14 (1.6) 0.2
Pulmonary embolism 16 (1.9) 14 (1.6) -0.3
Atrial fibrillation 12 (1.4) 10 (1.2) -0.2
Brain edema 25 (3.0) 9 (1.0 -2.0
Carotid artery stenosis 4 (0.5) 9 (1.0 0.5
Cerebral hemorrhage: 10 (1.2) 9 (1.0) -0.2
Other adverse events — no. (%)
Pyrexia 163 (19.2) 163 (19.0) -0.2
Constipation 99 (11.7) 84 (9.8) =S
Headache 82(9.7) 82 (9.6) -0.1
Urinary tract infection 58 (6.8) 76 (8.9) 2.1
Stroke in evolution 69 (8.1) 56 (6.5) -1.6
Hypokalemia 37 (4.4) 55 (6.4) 2.0
Atrial fibrillation 56 (6.6) 46 (5.4) -1.2
Hypertension 44 (5.2) 44 (5.1) -0.1
Pneumonia 37 (4.4) 40 (4.7) 0.3
Vomiting 40 (4.7) 39 (4.5) -0.2
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of neuroprotection and clinical relevance,?” and
it is in line with regulatory advice.?® The ben-
efit amounts to an average improvement of 0.13
point on the modified Rankin scale per patient,
which suggests that about eight patients would
need to be treated to achieve improvement equal
to 1 point on the scale for one patient. On the
basis of evidence from experiments in animals
with regard to the effect of NXY-059, a moderate
benefit delivered to many patients is a more intui-
tive concept than a dramatic benefit delivered to
a minority.

In summary, our findings provide support for
a future clinical application of neuroprotection
through disruption of the ischemic cascade, as
has been shown in animal models. Our results
were statistically significant for the primary out-
come measure, but not for other outcome mea-
sures. A confirmatory study is needed to deter-
mine whether NXY-059 has a benefit in stroke.
The sample size for the companion study, SAINT
I1, was increased in July 2005 from 1700 to 3200
to provide 80 percent power to replicate the pres-
ent findings according to the modified Rankin

Table 3. (Continued.)
Placebo Group NXY-059 Group Difference
Event (N=847) (N=858) between Groupsy
%
Laboratory value(
Increase in serum alanine aminotransferase 84 (10.0) 113 (13.3) 1383
— no. (%)

Mean increase — U/liter 0.9+18 —0.4+26

Increase in serum bilirubin — no. (%) 97 (11.5) 69 (8.1) -3.4
Mean increase — pmol/liter 2.0£6.0 1.6+5.6

Increase in serum urea — no. (%) 110 (13.1) 94 (11.1) -2.0
Mean increase — mmol/liter -1.0£2.5 -1.2+2.5

Decrease in serum potassium — no. (%) 62 (7.4) 117 (13.8) 6.4
Mean decrease — mmol/liter -0.1+0.6 -0.3+0.6

Decrease in serum calcium — no. (%) 207 (24.6) 239 (28.1) B85
Mean decrease — mmol/liter -0.1+0.2 -0.1+0.2

Increase in plasma glucose — no. (%) 173 (20.6) 143 (16.8) -3.8
Mean increase — mmol/liter 0.1+4.2 -0.3+2.8

Increase in INR — no. (%) 229 (27.3) 192 (22.6) -4.7
Mean increase 0.1+1.6 0.0+1.6

Increase in neutrophil count — no. (%) 136 (16.2) 115 (13.5) -2.7
Mean increase — x1079/liter —0.5+3.0 —0.8+2.9

Increase in platelet count — no. (%) 66 (7.9) 40 (4.7) -3.2
Mean increase — x107*?/liter -10+38 -16+39

* The events included are the 10 most common serious and the 10 most common nonserious events in the NXY-059
group. Plus—minus values are means +SD. INR denotes international normalized ratio.

T A negative number indicates fewer outcomes in the NXY-059 group. Laboratory findings are included if there was a
difference of no less than 2 percentage points in incidence between the two groups in either the increase or decrease
of a value by the end of infusion — a difference between groups that will occur with a probability of approximately 0.05

before adjustment for multiplicity.

I Only cerebral hemorrhages that involved prolonged hospitalization or were considered immediately life-threatening
were included; those attributed by investigators to other causes (such as cerebral edema) were excluded, even if bleed-
ing was present on neuroimaging. Events defined as symptomatic hemorrhages (an increase in the NIHSS score of
4 points within 36 hours plus any blood on post-treatment neuroimaging) are described in the text (and in the Figure
in the Supplementary Appendix, available with the full text of this article at www.nejm.org).

§ To convert values for bilirubin to milligrams per deciliter, divide by 17.1. To convert values for potassium to milligrams
per deciliter, divide by 0.258. To convert values for calcium to milligrams per deciliter, divide by 0.250. To convert val-
ues for glucose to milligrams per deciliter, divide by 0.05551.
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scale. Stroke is a disabling condition that has a
substantial social cost, and treatments that have
even a moderate overall benefit may prove to be

important.

Presented in part at the European Stroke Conference, Bologna,
Italy, May 28, 2005.

Drs. Lees, Zivin, Grotta, and Davis report having received fees
and reimbursement for expenses for work on the steering com-
mittee and lecture fees from AstraZeneca, but having no financial
or related interest in AstraZeneca, Renovis, or NXY-059. Dr.
Davalos reports having received consulting fees or speaker’s fees
from AstraZeneca, Boehringer Ingelheim, Pfizer, Merck Sharp and
Dohme, Sanofi-Synthelabo, Bristol-Myers Squibb, Bayer, Paion,
Forest, Daiichi Asubio, Lilly, Fujisawa, Novo Nordisk, and Ferrer
International; Dr. Diener, consulting fees or speaker’s fees from

consulting fees or speaker’s fees from AstraZeneca, Bayer, Mit-
subishi, Pfizer, Lilly, and Merck and holding research contracts
with AstraZeneca and Bayer; Dr. Grotta, research support from
AstraZeneca, Novo Nordisk, and Boehringer Ingelheim; and
Dr. Shuaib, consulting fees or speaker’s fees from AstraZeneca,
GlaxoSmithKline, Boehringer Ingelheim, Pfizer, Roche, Merck,
and Sanofi-Synthelabo. Drs. Ashwood, Hardemark, and Wasiew-
ski are employees of AstraZeneca and hold stock in the company.
The SAINT I and II trials are sponsored by AstraZeneca. NXY-059
is subject to a partnership agreement between AstraZeneca and
Renovis. Renovis had no influence on the conduct of the study or
the analysis or interpretation of the data. No other potential con-
flict of interest relevant to this article was reported.

We are indebted to the patients who participated in this trial
and their relatives; to the clinical and research teams of the stroke
units; to the coordinating and monitoring staff at AstraZeneca; to

AstraZeneca, GlaxoSmithKline, Boehringer Ingelheim, BASF, Ab- Dr. Tomas Odergren, who led the development of NXY-059 at
bott, Novartis, Parke-Davis, Merck Sharp and Dohme, Servier, ~AstraZeneca; to Dr. Algirdas Kakarieka, the lead clinician; and to
Sanofi-Synthelabo, Bayer, Fresenius, and Janssen Cilag; Dr. Lyden, the scientific, data management, and statistical teams.

APPENDIX

The following investigators and institutions participated in the SAINT I study: Steering Committee — K.R. Lees, Glasgow, United
Kingdom (chair); J.A. Zivin, San Diego, Calif. (joint chair, planning and conduct stage), T. Ashwood, Sodertilje, Sweden (sponsor representative);
A. Davalos, Barcelona; S. Davis, Melbourne, Australia; H.C. Diener, Essen, Germany; J. Grotta, Houston; P. Lyden, San Diego, Calif.;
A. Kakarieka (sponsor representative, planning and conduct stage); S. Sheth, Wilmington, Del. (sponsor representative, analysis and reporting stage); A.
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anal; E. Rollet, Hopital Tenon, Paris; P. Lavage, Hopital Crimea, Names; C. Lucas, Hopital Roger Salinger, Lille; B. Guillon, H. Laénnec
Saint Herblain; Germany: D. Schneider, Universititskrankenhaus Leipzig, Leipzig; P. Vogel, Allgemeines Krankenhaus St. Georg,
Hamburg; J. Glahn, Klinikum I Minden, Minden; G.F. Hamann, Klinikum Grosshadern, Munich; C. Weiller, Universititskrankenhaus
Hamburg-Eppendorf, Hamburg; A. Hetzel, Universititsklinik Freiburg, Freiburg; C. Diener, Universititsklinik Essen, Essen; M. Henne-
rici, Klinikum Mannheim GmbH, Mannheim; M. Eicke, Universititsklinik Mainz, Mainz; G. Deuschl, Universititsklinikum Schleswig-
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vesen, Helse NSS HF Nordland Sentralsykehus, Bodg; E. Jorgensen, Sykehuset Buskerud, Drammen; Poland: A. Czlonkowska, Instytut
Psychiatrii I Neurologii, Warsaw; A. Kuczynska, Szpital Wolski, Warsaw; W. Freyze, Szpital Wojewodzski im Mikolaja Kopernika,
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G. Gongalves, Centro Hospitalar de Coimbra, Coimbra; M. Correia, Hospital Geral de Santo Anténio, Porto; Singapore: 1. Ng, Na-
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sity College of Medicine, Anyang City, KyeongKi-Do; J.-S. Kim, Asan Medical Center, Seoul; K.-H. Lee, Samsung Medical Center, Seoul;
J.-K. Roh, Seoul National University Hospital, Seoul; Y.-S. Lee, Seoul Municipal Boramae Hospital, Seoul; Spain: J. Serena Leal, Hospi-
tal Universitari Josep Trueta, Girona; J. Alvarez Sabin, Hospital Valle D’Hebron, Barcelona; A. Gil Peralta, Hospital Virgen del Rocio,
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Callander, Universitetssjukhuset, Linkoping; J. Petersson, Universitetssjukhuset MAS, Malmd; A. Terent, Akademiska sjukhuset, Up-
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