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Dear Sir: gested potential interactions between treatment effects and

time-related metrics, leading us to hypothesize that earlier drug
A phase llI clinical trial did not demonstrate a significant impact administration may yield better outcomes. This study aimed to
of nelonemdaz on patients with acute ischemic stroke." Although determine the treatment effect of nelonemdaz when adminis-
not prespecified in the original protocol, post-hoc analyses sug- tered early after emergency room (ER) arrival.
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We conducted a post-hoc analysis using pooled data from
two clinical trials investigating nelonemdaz in acute ischemic
stroke: the phase Il SONIC trial (Safety and Optimal Neuroprotec-
tion of Neu2000 in Acute Ischemic Stroke With Recanalization)
and the phase Il RODIN trial (Rescue on Reperfusion Damage
in Cerebral Infarction by Nelonemdaz) (Supplementary Table 1)."
Both trials and the current study adhered to the Declaration of
Helsinki principles. We combined the study populations after
excluding the low-dose group from the SONIC trial. Our explor-
atory analysis revealed a significant interaction between treat-
ment effect and the time from ER arrival to initial trial drug
administration (Supplementary Figure 1). Based on subsequent
subgroup analyses of time metrics, we established a 70-minute
threshold from ER arrival to first trial drug infusion and includ-
ed only patients who received treatment within this timeframe.

The efficacy of nelonemdaz was primarily assessed using the
modified Rankin Scale (mRS) at 12 weeks post-treatment. Using
ordinal logistic regression, the primary analysis evaluated a fa-
vorable shift in the distribution of mRS scores across the entire
ordinal scale (0 [normal] to 6 [death]) at 12 weeks. As a sec-
ondary outcome measure, we analyzed the proportion of pa-
tients achieving functional independence, defined as mRS 0-2
at 12 weeks, using modified Poisson regression. Both regression
models were adjusted for the following well-known major con-
founders: age, female sex, time from symptom onset to ER arriv-
al (hours), baseline stroke severity (National Institutes of Health
Stroke Scale [NIHSS] score), Alberta Stroke Program Early CT
Score (ASPECTS), administration of intravenous alteplase, and
achievement of successful reperfusion (modified Thrombolysis
in Cerebral Infarction 2b-3).

The treatment effect was expressed as a common odds ratio
(cOR) with the corresponding 95% confidence interval (Cl) for
mRS at 12 weeks and as a relative risk (RR) with 95% Cl for mRS
0-2 at 12 weeks. Statistical significance was set at P<0.05 (two-
sided) for all analyses. All statistical analyses were performed us-
ing SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Baseline characteristics, treatment, and outcomes are sum-
marized in Table 1. Regarding baseline characteristics, age was
younger in the nelonemdaz group than in the placebo group
(74.8+10.1 vs. 70.2+11.7, P=0.040). The baseline NIHSS score
and ASPECTS did not differ between groups. Past stroke history
tended to be more frequent in the nelonemdaz group than in the
placebo group (12.5% vs. 27.5%, P=0.064). Variables regarding
time metrics did not differ between groups. Regarding revascu-
larization treatment, the frequency of intravenous alteplase in-
fusion, endovascular thrombectomy (EVT) techniques, and suc-
cessful post-EVT reperfusion did not differ between groups.

The regression analysis is presented in Table 2. The median
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score on the mRS at 12 weeks was 1 (interquartile range, O to 4)
in the nelonemdaz group and 3 (interquartile range, 1 to 4) in
the placebo group (adjusted cOR for a shift in the direction of a
better outcome on the mRS, 2.22: 95% Cl, 1.03 to 4.80; P=0.043).
A favorable outcome (mRS 0-2) at 12 weeks occurred in 35 of
51 patients (68.6%) in the nelonemdaz group and in 24 of 48
patients (50.0%) in the placebo group (adjusted RR, 1.26; 95%
Cl, 0.95 to 1.69; P=0.112). Figure 1 shows the distribution of mRS
scores in unadjusted and adjusted analyses, respectively.

Our post-hoc analysis demonstrated that early time from door
to the 1st trial drug administration was associated with better
treatment outcomes of nelonemdaz, aligning with the patho-
physiological time window concept for neuroprotective therapy.
This finding fits with current understandings of the underlying
pathophysiological cascade in focal cerebral ischemia and the
mechanism of action of neuroprotective agents, which is based
on the concept of ischemic penumbra and infarct core.

The importance of hyperacute treatment in acute ischemic
stroke cannot be overstated. When intracranial large vessel oc-
clusion occurs, an ischemic penumbra forms throughout the af-
fected region, leading to loss of neuronal function.’ During ce-
rebral ischemia, glutamate is released and accumulated, resulting
in Ca”* overload through excess activation of postsynaptic N-
methyl-D-aspartate (NMDA) receptors and fulminant neuronal
death.” Following recanalization, toxic free radicals produced in
mitochondria contribute to additional neuronal death.’ These
progressive pathological processes result in irreversible neuronal
death, and the affected brain region becomes the infarct core.

Neuroprotective agents represent substances that reduce isch-
emic brain damage by interrupting harmful molecular events
rather than by improving cerebral blood flow. Their therapeutic
potential primarily lies in the ischemic penumbra, the salvage-
able tissue, where molecular interventions can still effectively
prevent cell death.” In this context, we investigated nelonemdaz
(previously, Neu2000), which exhibits dual mechanisms of ac-
tion: moderate NR2B-selective NMDA receptor antagonist and
potent antioxidant.”” These therapeutic mechanisms specifically
target the critical pathways in the neuronal death cascade de-
scribed above, supporting its potential efficacy as a neuropro-
tective agent when administered before the ischemic penumbra
progresses to infarct core. In the phase Il clinical trial, nelonem-
daz failed to demonstrate efficacy in the main results when test-
ed on patients who received EVT for acute ischemic stroke. How-
ever, in the current study using pooled data of phase Il and IlI
trials, beneficial effect of nelonemdaz was observed in cases
where the time from ER to 1st trial drug infusion was early.

As time is brain, neuroprotective therapy may also be time-
dependent. While a short door-to-needle time favorably modi-
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Baseline characteristics, treatments, and outcomes of the current study population

JoS

Placebo (n=48) Nelonemdaz (n=51) P

Numbers from phase || 9 "
Numbers from phase Il 39 40
Age (yr) 74.8+10.1 70.2+11.7 0.040
Female sex 19 (39.6) 19 (37.3) 0.812
NIHSS score 15(12-18) 15 (11-19) 0.737
ASPECTS 8 (7-10) 8 (7-9) 0.382
Occlusion locations (multiple choice)

Proximal ICA (tandem occlusion) 5(10.4) 7(13.7) 0.614

Intracranial ICA 12 (25.0) 14 (27.5) 0.782

MCA M1 37 (77.1) 32(62.7) 0.121

MCA M2 2(4.2) 11 (21.6) 0.010
Hypertension 34 (70.8) 35 (70.0) 0.928
Diabetes mellitus 21 (43.8) 16 (32.0) 0.230
Hyperlipidemia 17 (35.4) 16 (32.0) 0.721
Coronary artery disease 4(8.3) 6(12.0) 0.741
Atrial fibrillation 29 (60.4) 29 (58.0) 0.808
Smoking 12 (25.0) 19 (38.0) 0.167
Past stroke history 6(12.5) 14 (27.5) 0.064
Time from onset to ER (min) 121 (61-295) 96 (61-233) 0.333
Time from onset to 1st trial drug infusion (min) 183 (123-342) 155 (120-297) 0.295
Time from onset to EVT (min) 204 (140-348) 166 (130-300) 0.548
Time from ER to 1st trial drug infusion (min) 59 (50-65) 59 (52-64) 0.961
Time from ER to EVT (min) 61 (52-73) 65 (53-81) 0.201
Intravenous alteplase 24 (50.0) 27 (52.9) 0.770
EVT techniques (multiple choice)

Stent retrieval 22 (45.8) 29 (56.9) 0.272

Catheter aspiration 22 (45.8) 30(58.8) 0.196

Others 18 (37.5) 13 (25.5) 0.198
Post-EVT mTICl 2b-3 41(89.1) 43 (84.3) 0.487
mRS at 12 weeks 3(1-4) 1(0-4) 0.031
mRS 0-2 at 12 weeks 24 (50.0) 35(68.6) 0.059

Values are presented as n (%) or median (interquartile range).

NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid artery; MCA M1, M1 segment of the
middle cerebral artery; MCA M2, M2 segment of the middle cerebral artery; ER, emergency room; EVT, endovascular thrombectomy; mTICI, modified Throm-

bolysis in Cerebral Infarction; mRS, modified Rankin Scale.

*P-values were calculated using chi-square test, Fisher's exact test, Cochran-Mantel-Haenszel shift test, Student's t-test, or Wilcoxon rank sum test, as appro-

priate.

fied nelonemdaz effect in exploratory analysis, no modification
effect was seen with time from stroke onset to first trial drug
infusion. This finding parallels previous EVT trials, where shorter
times from ER arrival to EVT or shorter EVT procedural times were
independently associated with good clinical outcomes, while time
from stroke onset to ER arrival showed weaker statistical asso-
ciations.” This phenomenon can be explained by two key factors.
First, individual variations in collateral status significantly influ-
ence the rate of tissue damage, making the absolute time from

https://doi.org/10.5853/j0s.2024.05113

symptom onset less predictive of salvageable tissue.” Some pa-
tients with good collaterals may maintain viable penumbra for
extended periods, while others with poor collaterals might ex-
perience rapid infarct progression. Second, systematic patient
selection occurs immediately after ER arrival: patients with es-
tablished infarcts are excluded from EVT consideration, regard-
less of their onset-to-door time. This tissue-based selection pro-
cess effectively creates a population with preserved tissue viability,
making post-ER time metrics more directly relevant to outcomes
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Ordinal and modified Poisson regression models for favorable outcomes
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Favorable shift of mRS at 12 weeks

mRS 0-2 at 12 weeks

Adjusted cOR (95% Cl) 2 Adjusted RR (95% Cl) 2
Age 0.97 (0.94-1.00) 0.076 0.99 (0.97-1.00) 0.137
Female 1.44 (0.66-3.13) 0.363 1.10 (0.85-1.42) 0.450
Time from onset to ER (h) 0.88 (0.76-1.01) 0.072 0.91 (0.84-0.99) 0.032
NIHSS score 0.82 (0.75-0.90) <0.001 0.95 (0.92-0.98) 0.002
ASPECTS 1.33 (1.07-1.67) 0.0m 1.13 (1.02-1.25) 0.023
Intravenous alteplase 1.38 (0.58-3.29) 0.473 1.02 (0.76-1.36) 0.902
mTICl 2b-3 19.41 (5.64-66.76) <0.001 4.35(1.25-15.14) 0.021
Nelonemdaz 2.22 (1.03-4.80) 0.043 1.26 (0.95-1.69) 0.112

mRS, modified Rankin Scale; cOR, common odds ratio; RR, relative risk; Cl, confidence interval, ER, emergency room; NIHSS, National Institutes of Health
Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; mTICl, modified Thrombolysis in Cerebral Infarction.
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Distribution of the modified Rankin Scale (mRS) scores at 12 weeks in (A) unadjusted and (B) adjusted populations, respectively.

than onset-to-door time alone. This clinical trial approach is par-
ticularly significant because the neuroprotective drug was test-
ed under conditions that closely mirror those used for selecting
EVT candidates, where tissue viability and collateral status, rather
than absolute time from onset, guide patient selection.

Our time from ER arrival to the 1st trial drug infusion showed
remarkable similarity to the ESCAPE trial (Endovascular Treat-
ment for Small Core and Anterior Circulation Proximal Occlu-
sion with Emphasis on Minimizing CT to Recanalization Times),"
a landmark study in EVT. The ESCAPE trial intended to initiate
treatment within 60 minutes of computed tomography (CT)
completion. Considering that the entire process from ER arrival
to CT image acquisition and processing typically takes 10 min-
utes, reducing treatment initiation to within 70 minutes of ER
arrival might enable neuroprotective treatments to demonstrate
efficacy similar to EVT. Therefore, future clinical trials of neuro-
protective therapy with nelonemdaz should consider adopting
similar in-hospital time-based protocols as the ESCAPE trial.

Several limitations warrant careful interpretation of our find-
ings. First, this analysis was exploratory and post-hoc in nature,
rather than a prespecified subgroup analysis. Although the orig-
inal trials were randomized, our analysis focused on a selected
subgroup where treatment effect was observed, potentially in-
troducing selection bias that cannot be fully addressed through
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statistical adjustment. Second, while the treatment effect re-
mained significant after regression analysis, lending support to
our findings, the selective nature of our analysis (focusing only
on patients receiving treatment within 70 minutes of ER arrival)
may limit the external validity and generalizability of these re-
sults to the broader stroke population. Third, the relatively small
sample size in this subgroup analysis necessitates careful inter-
pretation of the observed treatment effects, despite statistical
significance. Future prospective trials with prespecified time-
dependent analyses are warranted to validate these preliminary
findings regarding nelonemdaz efficacy. Given the operational
challenges of achieving such rapid drug administration in clini-
cal trials, identification of additional responder characteristics
might help establish more feasible extended time windows while
maintaining efficacy.

In conclusion, in acute ischemic stroke patients undergoing
EVT, nelonemdaz administration within 70 minutes of ER arrival
was associated with improved functional outcomes, suggesting
its possible efficacy.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2024.05113.
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Characteristic
Study period

Sample size, n

Summary of phase Il and Ill clinical trials investigating nelonemdaz

Treatment arms (full analytic set)

Key inclusion criteria

Age

Occlusion location

Onset to EVT

NIHSS

ASPECTS
Primary endpoint

Outcomes

SONIC trial (phase I1)
October 2016 to June 2020
209
Placebo (n=61)
Low dose (n=65)
High dose (n=57)

>19 years

Intracranial ICA, MCA M1, M1 equivalent M2
<8h

>8

>5

Modified Rankin Scale 0-2 at 3 months

A favorable tendency

RODIN trial (phase 1)
December 2021 to April 2023
496
Placebo (n=225)
High dose (n=232)

219 years

Intracranial ICA, MCA M1, MCA M2

<12h

>8

>3

A favorable shift of modified Rankin Scale at 3 months

No difference

SONIC trial, Safety and Optimal Neuroprotection of Neu2000 in Acute Ischemic Stroke With Recanalization; RODIN trial, Rescue on Reperfusion Damage in
Cerebral Infarction by Nelonemdaz; ICA, internal carotid artery; MCA M1, M1 segment of the middle cerebral artery; MCA M2, M2 segment of the middle ce-
rebral artery; EVT, endovascular thrombectomy; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score.

Number of
patients
Time from onset to ER arrival (hours)
<3 405 —I.—
3-6 103 —:—-—
6-9 a1 —:—-—
9-12 20 8
Time from onset to 1st infusion (hours) :
<4 318 —t—
4-7 163 _":_
8-10 57 T
11-13 33 €<+
Time from ER to 1st infusion (minutes) :
<70 99 : —e
70-90 103 —
90-120 177 ——
2120 192 ——
Time from ER to EVT (minutes) :
<70 96 : —_—
70-90 100 —
90-120 192 +
>120 183 —h—
Time between 1st infusion and EVT :
infusion before start of EVT 258 —:-—
infusion during EVT 280 ——
infusion after EVT finish 33 —:—lé
|
1T 1T 1
0.3 1 2 5

Placebo Better

P for
interaction

0.574

Common OR
(95% Cl1)

P-value
0.93 (0.66-1.32)
1.51 (0.77-2.99)
1.49 (0.49-4.47)
0.88 (0.19-4.12)

0.700
0.231
0.481
0.867

0.377
1.13 (0.77-1.66)
0.86 (0.50-1.47)
2.09 (0.83-5.29)
0.74 (0.22-2.45)

0.540
0.575
0.119
0.617

0.102
2.35(1.17-4.74)
0.93 (0.47-1.83)
1.02 (0.61-1.71)
0.82 (0.50-1.34)

0.017
0.829
0.946
0.423

0.087
2.46 (1.21-4.99)
0.76 (0.38-1.52)
0.93 (0.56-1.53)
1.04 (0.62-1.72)

0.013
0.435
0.767
0.894

0.334
1.27 (0.83-1.96)
0.86 (0.57-1.30)
1.66 (0.50-5.52)

0.270
0.480
0.411

Nelonemdaz Better

Post-hoc subgroup analysis regarding time metrics in total population from pooled data of nelonemdaz clinical trials. The low-dose
group from phase Il was excluded, and all ranges of time from ER to 1st trial drug infusion were included. OR, odds ratio; Cl, confidence interval; ER, emer-
gency room; EVT, endovascular thrombectomy.
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