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Abstract

Background Sovateltide (IRL-1620, PMZ-1620), an endothelin-B receptor agonist, has been previously shown to increase
cerebral blood flow, have anti-apoptotic activity and produce neurovascular remodeling when administered intravenously
following acute cerebral ischemic stroke in rats. Its safety and tolerability were confirmed in healthy human volunteers
(CTRI/2016/11/007509).

Objective Our objective was to determine the safety, tolerability and efficacy of sovateltide as an addition to standard of care
(SOC) in patients with acute cerebral ischemic stroke.

Methods A prospective, multicentric, randomized, double-blind, placebo-controlled study was conducted to compare the
safety (primary objective) and efficacy (secondary objective) of sovateltide in patients with acute cerebral ischemic stroke.
Adult males or females aged 18—70 years who had experienced a radiologically confirmed ischemic stroke within the last 24
h were included in the study. Patients with intracranial hemorrhage and those receiving endovascular therapy were excluded.
Patients randomized to the sovateltide group received three doses of sovateltide (each dose 0.3 pg/kg) administered as an
intravenous bolus over 1 min at an interval of 3 + 1 h on day 1, day 3 and day 6 (total dose of 0.9 pg/kg/day). Patients ran-
domized to the placebo group received an equal volume of saline. Every patient in both groups received SOC for stroke.
Efficacy was evaluated using neurological outcomes based on National Institute of Health Stroke Scale (NIHSS), modified
Rankin Scale (mRS) and Barthel Index (BI) scores from day 1 through day 90. Quality of life was measured using the Euro-
QoL-5 Dimensions (EQ-5D) and Stroke-Specific Quality of Life (SSQoL) at 60 and 90 days of follow-up.

Results A total of 40 patients with acute cerebral ischemic stroke were enrolled in this study, of whom 36 completed the
90-day follow-up. Patients received saline (n = 18; 11 male and 7 female) or sovateltide (n = 18; 15 male and 3 female)
within 24 h of onset of stroke. The number of patients receiving investigational drug within 20 h of onset of stroke was 14/18
in the saline group and 10/18 in the sovateltide group. The baseline characteristics and SOC in both cohorts was similar.
Sovateltide was well-tolerated, and all patients received complete treatment with no incidence of drug-related adverse events.
Hemodynamic, biochemical or hematological parameters were not affected by sovateltide. Sovateltide treatment resulted in
improved mRS and BI scores on day 6 compared with day 1 (p < 0.0001), an effect not seen in the saline group. Sovateltide
increased the frequency of favorable outcomes at 3 months. An improvement of > 2 points on the mRS was observed in 60
and 40% of patients in the sovateltide and saline groups, respectively (p = 0.0519; odds ratio [OR] 5.25). An improvement
on the BI of > 40 points was seen in 64 and 36% of the sovateltide and saline groups, respectively (p = 0.0112; OR 12.44).
An improvement of >6 points on the NIHSS was seen in 56% of patients in the sovateltide group versus 43% in the saline
group (p = 0.2714; OR 2.275). The number of patients with complete recovery (defined as an NIHSS score of 0 and a BI
of 100) was significantly greater (p < 0.05) in the sovateltide group than in the saline group. An assessment of complete
recovery using an mRS score of 0 did not show a statistically significant difference between the treatment groups. Sovateltide
treatment resulted in improved quality of life as measured by the EQ-5D and SSQoL on day 90.

Conclusion Sovateltide was safe and well-tolerated and resulted in improved neurological outcomes in patients with acute
cerebral ischemic stroke 90 days post-treatment.

Trial Registration The study is registered at CTRI/2017/11/010654 and NCT(04046484.

Extended author information available on the last page of the article
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A phase II trial was conducted to evaluate the safety,
tolerability and efficacy of sovateltide, an endothelin B
receptor agonist, in patients with acute cerebral ischemic
stroke.

Sovateltide was administered in three doses, each 0.3 pg/
kg, as an intravenous bolus over 1 min at an interval of 3
+ 1 hon day 1, day 3 and day 6 (total dose/day: 0.9 ug/
kg) post randomization.

Sovateltide was safe and well-tolerated. No adverse
events were reported.

Significantly more patients in the sovateltide group had
an improved Barthel Index (BI) score of > 40 points at
90 days of follow up (64 vs. 36% in the control group).

The number of patients showing a favorable improve-
ment in modified Rankin Scale (mRS) (change of >

2 points vs. baseline) and National Institute of Health
Stroke Scale (NIHSS) (change of > 6 points vs. base-
line) at 90 days was numerically but not statistically
significantly greater (at a 95% confidence level) in the
sovateltide group (60 vs. 40% in the control group; 56 vs.
43% in the control group, respectively).

The sovateltide group had significantly more patients
with an NIHSS score of 0 and a BI score of 100, indicat-
ing that sovateltide increased the frequency of complete
recovery compared with patients in the control group.
The sovateltide group also had more patients with an
mRS score of 0, although this was not statistically sig-
nificant.

1 Introduction

Stroke is the fifth most common cause of death in the USA
and is also an important cause of serious long-lasting disa-
bility. Ischemic stroke caused by arterial occlusion is respon-
sible for most strokes [1]. The currently available treatment
for acute cerebral ischemic stroke includes tissue plasmino-
gen activator (tPA) and mechanical thrombectomy. However,
the use of tPA is limited to a short time window of < 4.5 h
from the onset of symptoms [2], and it also has a 4.9% risk
of intracranial hemorrhage [3]. Mechanical thrombectomy
was limited to 6 h after onset of stroke symptoms but has
recently been extended up to 24 h [4]. Limitations of time,
risk of bleeding and involvement of larger blood vessels for
thrombectomy restricts current treatment to only about 5%
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of patients. New effective drugs for acute cerebral ischemic
stroke to alleviate neurological deficits and repair cerebral
damage are urgently required. Significant effort is being
made to understand the complex pathophysiology of stroke,
and various mechanisms are being explored, including anti-
coagulation, neuroprotection and neuroregeneration [5—8].
Despite many encouraging preclinical results, numerous
potential neurovascular protectants failed to demonstrate
beneficial effects in clinical trials [6, 9]. The reason for these
failures could be the complex pathophysiology of ischemic
stroke, which involves hypoxia, vascular damage, inflam-
mation, apoptosis and other events leading to neural cell
damage and functional impairment of the brain. Therefore,
a new approach is needed with the potential to preserve sal-
vageable brain tissue, minimize complications, and act as
secondary prevention.

Endothelin-1 (ET-1) levels have been reported to be
elevated in the blood and brain tissues following cerebral
ischemia [10, 11]. Since ET-1 has been described as a potent
vasoconstrictor acting via endothelin A (ET,) receptors,
it was hypothesized that ET, receptor antagonists would
reduce the damage associated with acute cerebral ischemic
stroke. Studies focused on antagonizing ET, receptors using
BQ123, SB234551, A-127722 and S-1039 demonstrated a
reduction in infarct area, edema, and neurological deficits
following experimental cerebral ischemia [12—16], but these
drugs have not advanced to clinical testing. Combined ET, 5
receptor antagonists have shown mixed results: TAK-044
decreased oxidative stress and reduced ischemia, whereas
bosentan and SB209670 had no effect in animal models of
acute ischemic stroke [17, 18]. Conversely, antagonizing
endothelin B (ETy) receptors worsened ischemic injury,
leading to poor outcomes [19, 20], suggesting a critical role
of ETy receptors in salvaging brain damage due to cerebral
ischemia.

ETjy receptors are present in large numbers in the cen-
tral nervous system (CNS) and play a key role in its devel-
opment. We have demonstrated that ETy receptors in the
brain are over expressed at the time of birth and that their
expression decreases as the brain matures [21, 22], suggest-
ing that they are important in brain development and may
be useful in the repair and regeneration of adult brains after
stroke [5, 23, 24]. ETy receptors play an important role in
neural cell survival and proliferation [5, 25-28]. Stimula-
tion of ETy receptors in middle cerebral artery-occluded
rats with intravenous administration of sovateltide, a highly
selective ETy receptor agonist, significantly improved neu-
rological and motor functions; decreased infarct volume,
oxidative stress and apoptotic damage; and increased cell
proliferation and angiogenesis [24, 29, 30]. Sovateltide-
induced improvements were blocked with the ETy receptor
antagonist BQ788, confirming ETy receptor involvement in
sovateltide effects [29, 30].
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Sovateltide demonstrated potential to be a novel and
effective drug to treat acute cerebral ischemic stroke. The
safety and tolerability of sovateltide was demonstrated in
a clinical (CTRI/2016/11/007509) phase I study in healthy
human volunteers [5]. The aim of the present study was to
investigate the effect of sovateltide in adult patients who had
experienced a cerebral ischemic stroke.

2 Methods

This was a prospective, multicenter, randomized, placebo-
controlled, double-blinded, exploratory phase II clinical
study to evaluate the safety and efficacy of sovateltide as
an addition to standard of care (SOC) in patients with acute
ischemic stroke. The primary objective was to evaluate the
safety and tolerability of sovateltide. Key secondary objec-
tives included measurement of efficacy (i.e., neurological
improvements) using the National Institute of Health Stroke
Scale (NIHSS), the modified Rankin Scale (mRS) and the
Barthel Index (BI), and quality-of-life assessments using the
EuroQol-5 Dimensions (EQ-5D) and Stroke-Specific Qual-
ity of Life (SSQoL).

2.1 Patients, Eligibility Criteria and Trial Design

Key inclusion criteria were as follows: age 18-70 years,
patient presenting up to 24 h after onset of stroke symptoms
with an mRS score of 3—4 and NIHSS score of 5-14, stroke
is ischemic in origin, and supratentorial and radiologic con-
firmation with either a computed tomography scan or diag-
nostic magnetic resonance imaging. Female patients were
either not of child-bearing potential or using two methods of
contraception. Key exclusion criteria included the following:
patients receiving endovascular therapy, intracranial hem-
orrhage, recurrent stroke, participation in other therapeutic
clinical trials, evidence of major life-threatening or serious
medical condition, pregnant or breast-feeding women or a
positive pregnancy test.

The study was conducted in accordance with the Interna-
tional Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human Use
Guideline for Good Clinical Practice (ICH-GCP), the
principles of the Declaration of Helsinki and local regu-
latory requirements. The study protocol (PMZ-01 version
2.0/April 18, 2016) was approved by the Drugs Controller
General of India, Directorate General of Health Services,
Ministry of Health and Family Welfare, Government of
India, and the institutional ethics committee for each of the
seven sites (who reviewed and approved the study proto-
col before patient enrolment at each site was initiated). The
study was registered at the Clinical Trials Registry, India
(CTRI/2017/11/010654), and the US National Library of

Medicine, ClinicalTrials.gov (NCT04046484). The eth-
ics committee for each site was continuously informed of
any protocol deviation, amendment, subject exclusion or
withdrawal and serious adverse events. Informed consent
was obtained from each patient; if a patient was not fit to
give consent themselves at the time of treatment initiation,
informed consent was provided by their legally authorized
representative (LAR).

2.2 Treatment Regimen

Patients were randomized 1:1 to either sovateltide or saline
placebo. Block randomization was used for patient randomi-
zation into the two treatment groups. The randomization list
was prepared by a statistician using a validated computer
program, the statistical analysis system SPSS. An interactive
web response system (IWRS) method containing randomi-
zation codes was used to randomize eligible patients to the
treatment groups.

All patients in both groups received SOC for ischemic
stroke according to their local institutional guidelines.
Sovateltide was administered as an add-on to SOC. SOC
was provided to patients according to the particular hospital
setup and each patient’s medical condition. Patients in the
sovateltide group received three doses of sovateltide (each
dose 0.3 pg/kg) administered as an intravenous bolus over
1 min at an interval of 3 + 1 h on day 1, day 3 and day 6
(total dose of 0.9 ug/kg/day). Specific intravenous treatments
over 3 days post stroke was based on preclinical proof-of-
concept studies conducted in our laboratory [24, 25, 29, 30].
The dose of sovateltide used in efficacy studies in rats was
5 pg/kg intravenously, and the human equivalent dose was
calculated as 0.80 pg/kg. In phase I safety and tolerability
studies, the minimum intolerable dose for sovateltide was
0.9 pg/kg and the maximum tolerated dose was 0.6 pg/kg
[5]. Patients in the placebo group received an equal volume
of saline as an intravenous bolus over 1 min at an interval
of 3 + 1 honday 1, day 3 and day 6. The study duration for
each patient was 3 months (90 days), which included five
study visits: visit 1 (day 1-6, screening/baseline measure-
ments/treatment/assessment), visit 2 (day 12, assessment),
visit 3 (day 30 + 5 days, assessment), visit 4 (day 60 + 5
days, assessment) and visit 5/end of study (day 90 =+ 5 days,
assessment). All patients were monitored closely throughout
hospitalization for qualifying stroke and followed-up for 90
days from randomization.

2.3 Data Safety Monitoring Board
An independent data safety monitoring board consisting of
a neurologist, a biostatistician, and a clinical pharmacolo-

gist was established to monitor the safety and efficacy of the
trial. The data safety monitoring board reviewed the safety
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data of each subject from the study and all serious adverse
events, regardless of attribution, contemporaneously with
submissions to the sponsor and investigator.

2.4 Safety and Tolerability Assessments

All patients who received treatment were included in the
safety analysis. Safety was assessed during treatment and
the post-treatment follow-up period based on adverse events,
physical examination, vital signs and clinical laboratory
parameters as per protocol. A complete set of hematological,
biochemical and organ function tests (complete blood count,
blood glucose, lipid profile, serum electrolytes, liver func-
tion test and kidney function test) were performed. Adverse
events that occurred or worsened during treatment or post-
treatment were recorded. All AEs were coded by preferred
term and system organ class using the latest version of the
Medical Dictionary for Regulatory Activities. All patients
were followed up for safety assessment at visit 1 (day 1 to
day 6), visit 2 (day 12), visit 3 (day 30 + 5 days), visit 4 (day
60 + 5 days) and visit 5 (day 90 + 5 days).

2.5 Assessment of Neurological Outcome

The efficacy of sovateltide was evaluated using three dif-
ferent outcome measures. The proportion of patients with
change in NIHSS, mRS and BI scores was evaluated on day
6, day 30 and day 90 post-randomization. Improvements
of > 6 points in NIHSS, > 2 points in the mRS or > 40
points in BI scale from baseline were considered a favora-
ble outcome. Comprehensive analysis of complete recov-
ery was undertaken at 3 months post-randomization using
three different outcome scales in patients from the saline
and sovateltide groups. Complete recovery was defined as a
patient having an NIHSS score of 0, an mRS score of 0 and
a BI score of 100. Quality of life was assessed using two
different scales: the EQ-5D and the SSQoL. In the EQ-5D,
a score of 100 was defined as the best possible health. Simi-
larly, in the SSQoL, a score of >200 was defined as the best
health. Both these measurements were done on day 60 and
day 90 post-randomization.

2.6 Blinding/Unblinding

In this double-blind study, the patients and all relevant per-
sonnel involved with the conduct and interpretation of the
study (including the investigator, investigational site per-
sonnel, and the sponsor or designee’s staff) were blinded to
the identity of the assigned study drug (sovateltide/normal
saline) and the randomization codes. Healthcare profes-
sionals were certified in administration of the NIHSS and
other scales and were unaware of the assessment status
recorded on the previous visit. The biostatistician/unblinded
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pharmacist was independent of the study team. Dispensing
activity was monitored by an unblinded monitor independ-
ent of the monitoring team. The final randomization list was
kept strictly confidential and accessible only by authorized
people per sponsor until the completion of the study. Emer-
gency unblinding through IWRS was available.

2.7 Sample Size and Statistical Methods

Data obtained from earlier clinical studies of stroke in the
literature were considered to determine the sample size for
this phase II study. Assuming 80% power and a 5% signifi-
cance level, a sample size of 32 patients (16 patients in each
group) was required. Assuming a 10% loss to follow-up, a
final sample size of 36 patients was required. To increase
the power of the study, we increased the sample size to 40
patients (20 patients in each group).

The results of the trial are presented as mean + standard
error of the mean (SEM). The unpaired t-test with Welch’s
correction was used to analyze two sets of data with equal
variances, and a two-sided p-value was used to determine the
level of significance. The unpaired t-test was used to com-
pare discrete variables between the two sets of data at base-
line and at follow-ups. Non-parametric analysis was carried
out using one-way analysis of variance without assuming
equal variances. This test was used for multiple compari-
sons, and the significance of differences was estimated using
Tukey’s multiple comparisons test. The Chi-squared test was
used to compare the groups, and the two-sided p-value was
used for significance. p < 0.05 was considered significant at
a95% confidence level, and p = 0.10 was considered signifi-
cant at a 90% confidence level. The Baptista—Pike method
was used to calculate odds ratios (ORs). Demographic vari-
ables and patient characteristics were summarized descrip-
tively by treatment assignments. Demographic variables
include age, weight, height, and body mass index (BMI).
Continuous variables, such as patient age at enrollment,
number of non-missing observations (n), mean and SEM
were tabulated by treatment assignment. All available data
were used in the analyses. Each group was summarized indi-
vidually. Unavailable data were assessed as “missing val-
ues,” and only the observed population was evaluated. The
statistical analysis was processed with GraphPad Prism 8.1.1
(GraphPad, San Diego, CA, USA).

3 Results
3.1 Demographics and Patient Characteristics
A total of 516 patients were assessed in seven clinical sites

across India, of which 40 patients met the eligibility crite-
ria (Table 1). To be eligible for this study, patients had to
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be diagnosed with stroke for the first time. The majority of
patients screened for this study had experienced a recurrent
stroke so were considered screen failures and not enrolled
in the study. All 40 eligible patients signed informed con-
sent and were randomized to either placebo saline (n = 20)
or sovateltide (n = 20). Of these 40 patients, 36 completed
the study with 90-day follow-up. In each group, 18 patients
completed the study (one patient in each group withdrew
consent, and one patient in each group was withdrawn by
the investigator) (Fig. 1). Patient demographics and baseline
characteristics were comparable between the two groups,
including baseline NIHSS (saline 9.17 + 0.89; sovateltide
9.72 + 0.94), mRS (saline 3.72+0.11; sovateltide 3.78 +
0.10) and BI (saline 35.56 + 5.60; sovateltide 32.22 + 4.75)
scores (Table 2). Both groups included more male than
female patients, and the proportion of males was higher in
the sovateltide group (15 males and 3 females for sovateltide
vs. 11 males and 7 females for saline). Age, body weight
and BMI were similar in each group. Table 3 shows the case
details of individual patients in each cohort, their medical
history, stroke details (radiological findings), state of other
cardiovascular diseases and NIHSS and mRS scores at
admission.

SOC in both groups was similar; treatment details are
given in Table 4. All patients received the study drug or
saline within 24 h of onset of stroke. However, more patients
received treatment within 20 h of stroke onset in the saline
group than in the sovateltide group (Fig. 2).

3.2 Safety/Tolerability

Every enrolled patient in the sovateltide group received all
nine doses; no patients experienced any safety issues after
receiving the drug. All patients who received treatment were
included in the safety analysis. Compliance with the protocol
was excellent in this trial. Sovateltide treatment had no effect
on hemodynamic, biochemical or hematological parameters.
No drug-related adverse events were reported. No mortality

Table 1 Sites participating in the study

or incidence of recurrent ischemic stroke occurred in any
enrolled patients. Sovateltide was safe and well-tolerated in
patients with ischemic stroke.

3.3 Recovery with Sovateltide

Figure 3 presents the clinical markers of neurological out-
come in individual patients from day 1 through day 90,
using three different scales. Figure 3a presents the NIHSS
scores of individual patients on day 1 (baseline) and days 2,
3, 6, 12, 30 and 90 post randomization for both saline and
sovateltide groups. Data indicate a trend of early recovery
in patients receiving sovateltide compared with saline. A
significant improvement in NIHSS score was observed com-
pared with day 1 in the sovateltide group (sovateltide — day
3 NIHSS vs. baseline, p < 0.0001; saline — day 3 NIHSS vs.
baseline, p = 0.5771). Figure 3b presents the mRS scores of
individual patients on day 1 (baseline) and day 6, 30, 60 and
90 post randomization for both saline and sovateltide groups.
A significant improvement in mRS score indicates a trend of
early recovery for patients receiving sovateltide (sovateltide
— day 6 mRS vs. baseline, p < 0.0001; saline — day 6 mRS
vs. baseline, p = 0.0859). Figure 3¢ shows the BI score of
individual patients on day 1 (baseline) and days 6, 30 and 90
post randomization for both saline and sovateltide groups.
A significant improvement in BI scores indicates a trend of
early recovery for patients receiving sovateltide compared
with saline (sovateltide — day 6 BI vs. baseline, p < 0.0001;
saline — day 6 BI vs. baseline, p = 0.3948). Clinical markers
of neurological outcome on day 1 versus day 6 in NIHSS
scores are presented in Fig. 4. An improvement of >6 points
in NIHSS from baseline was seen in 87.50% of patients
treated with sovateltide compared with 12.50% of those
receiving saline (p = 0.0201). These data further support the
conclusion that patients treated with sovateltide recovered
much quicker than patients treated with saline.

Site no. Study site

Total enrolled

1 NewEra Hospital, Near Jalaram Mandir, Queta Colony, Telephone Exchange Chowk, Central Avenue Road, Nagpur 12
440008 Maharashtra
Christian Medical College and Hospital, Department of Neurology, Brown Road, Ludhiana -141008 Punjab 02
3 All India Institute of Medical Sciences, Department of Neurology, Neurosciences Centre, Ansari Nagar, New Delhi - 08
110029
4 Sanjay Gandhi Post Graduate Institute of Medical Sciences, Department of Neurology, Ground Floor, Raebareli Road, 05
Lucknow - 226014 Uttar Pradesh
Paras Hospital, C-1, Sushant Lok-1, Sector-43, Gurgaon 122002, Haryana 01
Dayanand Medical College and Hospital, Tagore Nagar, Civil Lines, Ludhiana, 141001 Punjab 10
7 Nizam’s Institute of Medical Sciences. Punjagutta, Hyderabad 500082, Telangana 02
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| Patients assessed for eligibility (N=516) ‘

Excluded - did not meet eligibility
criteria (N=476)

IIncIuded and randomized (N=40)|

v v

Sovateltide (N=20)

Control (N=20)

Consent withdrawn (N=1)
Excluded by investigator (N=1)

Consent withdrawn (N=1)
Excluded by investigator (N=1)

Completed study
(Control: N=18)

Completed study
(Sovateltide: N=18)

Fig. 1 Screening and enrollment of patients

3.4 Frequency of Favorable Outcomes at Day 90

Sovateltide increased the frequency of favorable outcomes
at day 90. An improvement of > 2 points in mRS score was
observed in 60 and 40% of patients in the sovateltide and
saline groups, respectively (p = 0.0519; OR 5.25); this did
not reach significance at the 95% confidence level but was
significant at the 90% confidence level. BI improvement of >
40 points was seen in 64 and 36% of those in the sovateltide
and saline groups, respectively (p = 0.0112; OR 12.44). An
improvement of > 6 points in NIHSS score was seen in 56
and 43% of patients in the sovateltide and saline groups,
respectively (p = 0.2714; OR 2.275) (Fig. 5). Although sta-
tistical significance was not reached in NIHSS scores, the
trend clearly shows an improvement in favorable outcomes.

3.5 Frequency of Complete Recovery

Data analysis shows that the sovateltide group had more
patients with an NIHSS score of O (p = 0.04791) and more
patients with a BI score of 100, indicating that sovateltide
increased the frequency of complete recovery compared with
saline (p = 0.02795). The sovateltide group also had more
patients with an mRS score of 0 (p = 0.1193), but this was
not statistically significant. There is a clear trend towards
complete recovery with sovateltide compared with saline,

although it did not reach the level of statistical significance
in all clinical scales; however, the OR was > 2.0. In the
sovateltide group, 66% of patients had an NIHSS score of
0-1 compared with 50% in the saline group (OR 2.00; 95%
confidence interval [CI] 0.506-6.965; p = 0.3105). In the
sovateltide group, 72% of patients had an mRS score of
0-1 compared with 55% in the saline group (OR 2.08; 95%
CI 0.484-8.476; p = 0.2979). Similarly, in the sovateltide
group, 66% of patients had a BI score of 95-100 compared
with 33% in the saline group (OR 4.00; 95% CI 1.00-16.05;
p = 0.0455). These results show a trend towards complete
recovery in the sovateltide group compared with the saline
group, although it did not reach statistical significance in all
the clinical outcome scales (Fig. 6).

3.6 Quality of Life

Statistical analysis of EQ-5D data on day 60 showed an
OR of 3.250 (95% CI 0.7181-11.52); the outcome in the
sovateltide group was 225% likely to be better than that in
the saline group. EQ-5D data on day 90 showed that the
outcome in the sovateltide group was 95% likely to be bet-
ter than that in the saline group (Fig. 7). Statistical analysis
of SSQoL data on day 60 showed an OR of 1.429 (95%
CI 0.3565-4.907); the outcome in the sovateltide group
was 42% likely to be better than that in the saline group.
SSQoL data on day 90 showed an OR of 3.429 (95% CI
0.7909-15.47), indicating that the outcome in the sovateltide
group was 242% likely to be better than that in the saline

group (Fig. 7).

4 Discussion

Rapid restoration of blood flow by removing or dissolving
thrombus from blood vessels is considered the primary inter-
vention of choice for ischemic stroke. tPA and mechanical
thrombectomy [31] are the currently available treatments
but are beneficial only if provided quickly after the onset
of stroke. Administration of tPA after 4.5 h of onset of
stroke has shown no benefit [32] and involves the risk of
hemorrhagic transformation, leading to highly significant
morbidity and mortality [32]. Stroke pathophysiology
involves hypoxia, vascular damage, inflammation, apoptosis

Table 2 Demographics of patients in standard-of-care plus saline and standard-of-care plus sovateltide cohorts

Group Sex Age (years) Body weight (kg) Height (cm) BMI (kg/mz)
Normal saline (N = 18) 11M/7F 58.34 +1.73 64.97 +2.40 163.72 + 2.08 24.47 +£0.98
Sovateltide (N = 18) 15M/3F 49.83 +2.79 67.82 +2.47 168.78 + 1.50 24.00 + 0.68

Data are presented as mean =+ standard error of the mean
BMI body mass index, F female, M male

A\ Adis



91

Sovateltide in Patients with Acute Cerebral Ischemic Stroke

X91109 Je[NSUl }Jo] PUe B[[NPSW JO 9PIS 1JI[
Surajoaur sonsuapodAy Aun pamoys ueds 1.0 7¥N/LD
%S9 AAAT
Sunys Y11 03 YO YIIM 109Jop [21des JB[NOLIUSA AT}
-OLI)SQI WIW ¢ [[BWS "9SBISIP 11eay [BIUaZU0D 0y
‘wdq g osind SHww O1/0ST dg -APINISPAoIpIn)
QuoN :A.10181Y [DIIPI
Aep 1 10y yoaads paiin(s ‘UONLIAID

uorsn[o00 939[dwos jo 2Ansa3sns ‘YA Y31

Jo syuaw3as A pue ZIA ‘1A @Y} Ul [euS1s pajefar
-MO JO SSOT "WIN[[9Q2133 1} JO 10adse JoLIoful
9} UT JOTeJUT JRUNOR[ OTUOIYD) "W 7 INOqe JO 1Jo]

SPIemO) 1JIUS QUIIPIW YIIM J[OLIIUIA [eId)e] JYSILI Y}

uo SSeJA "2qo] [euoj pue uor3al rensdeoor3ues
1YS1I 9U) Ul UOTJEWLIOJSUET) JISeYLIOWY ‘UOISaI
rernsdeoorj3ues pue [eiodwa) ‘[erorred-ojuoij Jysu
Surajoaur Jorejur K1031119) YDJA WS aJndeqns
Aprea pamoys Ayder3orSue yjim 3oou pue ureiq jo
TN “Aydone [e1qa195 9snyi 1oTejul Anoe-qns 0)
9inoe Junse33ns snoponu 9)epned Y31l SUIAJOAUL

sonisuapodAy [fews pamoys ueds 1D JINW/LD

wdq g 9sind SHww 0Q1/0ST g AP[NISPAOIPID)

INATL ‘N.LH o1weisks :£105s1 [po1papy
s1saredIwoy 1J9[ ‘UOTIBIAD YInow {ydovads

€ SYW {9 SSHIN yInow ‘ssauyeam Apoq apIs-1ySLi ‘s1edk g4 938 ‘ORI 900-10  SYW ‘€] SSHIN PALINS SSaUNBIM 9PIS-1JI] ‘SIBAA G 938 ‘O[RIAl S00-10
JoIRJUL 9INORANS 9[BAOTWIdS WINIIUAD BIRIPEI BUOIOD ‘UOIZAI JR[NS
0) 9JNOk ‘BJBIPEI BUOIOD 1J9[ ‘Snuue[ey) 3J9[ ‘U031 -deoor[3ues 1Jo] SurA[OAUT JOIBJUT 9JNJBANS 0] AN
Ternsdeosorj3ues [e1eje[iq SurAjoAur sanisuapodAy Ayoyed rews opdninw pamoys ueds 1D JJNW/LD
[rews jo seare Ayoyed pamoys ueos 1.0 J¥ /LD %69 AAAT
HAT ‘wipAyl snuts :0D)g :oyoq wroned urens Ym HAT ‘WYPAYI snuls :0D)g
‘widq g os[nd ‘SHww 08/071 dg APINISPA0IPID) ‘widq 9 os[nd SHWW 06/091 dg AP]NISPAOIPAD)
NLLH 410151 (021 INACTL ‘NLH 4101811 [p21p2
111 opeI3 squuiy 1omof pue 1addn jysur er3odrway JyI1LI (BOSNBU O)BIUT [BIO PISLAIOIP
ur zomod ¢stsoredruray opIs-1y3u ‘quil] Jomo[ pue {yooads parIn(s {3uruiow 20Uls qUI| JOMO] Pue
$ QYW G SSHIN  Toddn yaim ssouseom opIs-1ySLI (sI1eok GG 38 ‘ORI €00-10 $ SYW ¢/, SSHIN 10ddn Jy311 ur ssouyeom (SIBAK 9G 9Fe ‘Oewo] +00-10
Jo)eW
Ay IenornuoA-11ad JyILr ur sa3ueyd OTWAYIST
9qo] [erodwa) Y311 pue uoI3al Ie| [9SSAA JTUOIYD) J0TeJUl JITRYLIOWIY-UOU 9)NIE JO
-nsdeoorSues 1yS1x Surajoaur (sanisuspodAy Ayored) 9ATISOF3NS snaponu WIOJNUA[ o1 ur AysuepodAy
10IRJUI 9INJBANS 0] ANOB PIMOYS UBIS 1D Y A/LD JO BAIR 9[IQNS [[BWS PAMOYS UBDS 1.D) JY /LD
%69 JAAT ‘UonNe3INIal [eNIW P[IW ‘DAJEA J1)IOR uonounysAp
stsou9)s priw ‘AydoniodAy Ie[nornusA prrw :oydg OT[OISBIP ] 9peI3 ‘HA'T ‘SISOU)S ONIOR P[IW :0Ydq
[00][q yourlq 9[punq WSLI ‘wpAyl snuis :0)g ‘wroped urens yim HAT ‘WypAyl snuis (5D
‘wdq ¢g osind SSHwWwW (/011 dg AP]NISPAOIPID)) ‘wdq g osind ‘SHww 08/0LT dd 4P]NISPA0IpID)
QuON :A.L01811 [DIIPI INAZL ‘NLH :K10181y po1papy
yeom dug AT ope1d squuir 1omof pue Joddn 1jo1 ur 942 1y311 ur jods pooiq
Jomod (FuruIow Q0UIS SSAUNBIM IPIS-1JI[ ‘UONBIAID PAI $9INZIAS QUO ‘ASMOIP {SNOTOSUOOUN {PBAY UT SSAU
¥ SYW ‘9 SSHIN  ynow aprs Y311 ‘yosads paxmys s1eak g9 a3e ‘e 200-10 € SYW ‘G SSHIN -quinu pue Surj3un ‘ssourAeoy SI1eak G9 a3e ‘e 100-10
UOISSIWPE B S9I00S S[Ie)ap 9SBD ‘ou1o9lqng  UOISSIWPE 1B SAI00S S[Ie1op IsBD ‘ou 109[qng

(81 = N) 9PNJAIBAOS + JUSWIELAT} PIEpUL)S

(81 = N) QUIES + JUSUNEAT) PIEpUL)S

$1I0700 9PI[3ILAOS PUE [013U0d UT sjuanjed JO s[relop ase) ¢ a|qel

A\ Adis



A. Gulati et al.

92

9qo] [eyerred 3391 ur vwopa pue AysuopodAy urpunox
-I0S YIIM UoneoyIo[ed Aun pamoys uedss 1.0 JYM/LD
wdq 9g as[nd SHww (8/0z 1 dd 4P]NISPAOIPID))
QuoN] {10381y [POIPI

yeom dug (AT opeid quuiy zoddn 1yStr ur romod

¢Suruzow oouts quuiry Joddn Jy3ir Jo ssouyeam pue

JoIRJUL JO 9ATISO33ns uordar [ejarred 3591 ur
KyisuopodAy a13qns [[ews pamoys ueds 1D JINW/LD
Q[OLNURAA 1J[ A}
Jo uonounysAp d1[0ISEIp | 9PeIS ‘%09 AT :0U9H
UOTIBIADP SIXE 1JO] ‘WIAYI SnUIS :0DF
‘wdq 97 9sind SHww 08/01 1 g 4PINISPAOIPAD)
QuoN -K10151Y [POIPI
yeom dug
aprs Y311 ¢opr1s JyS1I uo AT 9peis 1omod ‘uorsstupe
910J0q Y T JOJ 9pIS 1J9] SPIeMO) [INOW JO UOTIBIASD
$y09ads Jo Surum[s {Ssouyeam YIIM quII| JOMO[ pue
1oddn jy311 Jo ssouquunu ‘SUNIWOA Y)Im BIsneu

€ SYW ‘9 SSHINSSuquinu ‘Fur3ur {yooads parn[s ‘s1eak (f 958 ‘O 010-10 € SYW ¢/ SSHIN  Jo seposido jy3io ssourseaun :s1eak 49 a3e Qe 600-10
Aydomne [e1q2190 9sNIp
paje[a1-o3e priw pue uor3ar rensdeouor3ues [e1o
-Je[Iq UT S}oIejur Jeunoe] p[Q 1oIejur ‘uorsar [eydrooo
191 ut KyisuopodAy apIqns pamoys ueds 1.0 1¥N/LD SapIs
JATRA JyS11 uo suod pue BIRIPEI BUOIOD 1J3] ‘SNUIEB[RY)
OTJIO. SISOIS[OS PIIW ‘O[OLIIUSA 1JO] 9Y) JO UONOUNJSAP [eIoYe[Iq JOTBJUL [[EWS PAMOYS UedS 1D TYN/LD
J1[0ISBIP [ 9peI3 (9% 69 JHAT ‘HA'T OLIU22U0)) :0ydg wdq g osind SHww 01 1/081 dg AP[NISPAOIPAD)
‘wdq g/ esind SSHww 0Z1/002 49 PInosvaoipin) INAZL :£10581Y [0I1PI]]
QuoN] {10351y [PO1PI Al opeIS quuif Jomof 39T “IIT
yeom duIs ‘[I] 9peI3 squil] Jomo| ope13d quury 1oddn 3391 ur romod yeom dus <sisored
pue 1oddn 1yS11 ur romod ¢sisaredruay 1ySur cuors -IWQY 9PIS-1J[ ‘UOISSTWPE 210J9q Aep | 10j Surpue)s
-STWIpE 910§2q Y 7 10} yooads Surrmys pue quuiy roddn pue Sunj[em 9[Iym dUB[RQUI ‘QUdepeay ‘peay pue
$ SYW ‘9 SSHIN  SSeuquunu $ssauyeam papIs-JySi (s1edk §¢ ade Qe L00-T0 € SYW G SSHIN Apoq JO 9PIs 1J[ UI SSAUIABY (SIeA ¢G 9Fe ‘O[ewo] 800-10
S[IeIoOp IsBD ‘ou 302[qng

UOISSTWIPE 1B $9I00S S[TeIop 9se)

‘ou 109[qng

UOISSTWIPE J& S9I00S

(81 = N) 9PD[IBAOS + JUAWIEAT) PIEpUL]S

(81 = N) dul[es + Judowlean) pIepuels

(ponunuoo) ¢ 3jqey

A\ Adis



93

Sovateltide in Patients with Acute Cerebral Ischemic Stroke

AI19)1e [21q2192 JOLI1R)s0d JYTILI JO SISOU)S

[ejuswSas [e00] pue (ZJ) £101e [21qa100 Jo1I10)sod

3J9[ JO UOISN[O20/SISOUR)S 9peI3-Y31Y ‘JoIejul J13eyl
-IOWAY-UOU JTWE[eY) 9INOe PAMOYs TN J¥N/LD

%SS JHAT -0uydd
‘wdq g osnd SSHWW (6/0ST dd AP]NISPAOIPID)
QUON] {40151y PIIPIN

G/ squuIy 1omof pue 1addn ur romod

‘squui] Jomo[ pue 1addn Jy31L1 Jo SSOJ AI0Suas ‘BLIyIIR

uoIsn[oo0 93o1d
-wod y)I WSt pamoys AydeidorSue 1) "(a81e])
Joreyul YOIA WYSTI 9Inoe pamoys ueds 1D I M/LD
wdq (o 9sind SSHwWwW ()9/941 dd 4P]NISPAOIPID)
SIeak § 10§
erwoprdifsAp pue wisIproIAy)odAy 410151y (D21
Asred uoinau Jojow 1oddn [e1o8] 1391 Y311 03
2oua1oya1d 9zeS oAU [RIURI)) "BISOUISOUBIIIAY 1JO]
¢G/0 squuy Jamo[ pue 1addn 3391 ur 1omod Fururowr
90UJS }J9] 0] UOIRIAP [BIOB] PUR Yo2ads Jo SurLmn(s

 SYW ‘€T SSHIN  -SAp ‘ssouyeom quury Joddn JySir ¢s1eak G oFe Orejy 100-20 + SYW ‘6] SSHIN ‘{ssouyyeam Apoq 9pIs-1Jo] (SIeaK /¢ 9Fe ‘Orewa] 100-€0
Jorejur 9noe Junsa33ns SurSewr payySrom-uoIsnyip
UO UOISIJIP PAJOINSAI pue YTV Td/ZL U0 dsuayurradAy
Surreadde uor3ar rerodwes-ojorred Y3 ur Aysuajur
[euSIs paIa)[e JO BaIe PI[BIARI UTeIq JO SUTUQAIOS "UOIS
-N[900 JUIMOYS SJUAWZS A Pue CIA “CIA [eISIp Jo uon
-eZI[eNSIA-UOU [JIM ‘ZIA ‘TIA [®ISIP WSLI Jo Surmorreu
JueoyTuSTs M SUruayoIy) [Jem dNOIISOIYIE ‘YOI
pue YD [eIUeIOeNUI [eIa)e[lq PamoYs TN -I}A/LD wnso[eds sndiood
Q[OLNURA 1J9[ 9} JO UONIUNYSAP J1[0) Jo Apoq a3 Jo Jrey 3J] pue 2qo] [euoly surofejered
-se1p [ ope1s ‘uoneyrSimsar [enru piu (% 6¢ JHAT 3391 uI Jorejul KIONII) YDV 1J9] JISeylIoway
QI0AQS 0} QJBIOPOW (9SBISIP AIo)Ie ATeu0I0d :0ydg -uou 9)nde pamoys YA ‘uo1dar [eroduwa) 1391
‘widq g1 9sind SSHWW 06/0ST dg 4P[NISPAOIPAD)) ur Ay1suapodAy Jo seare pamoys ueds 1 JYMA/LD
QUON -AL0ps1Y [DIIPI wdq 97 asind SSHww (O] 1/00¢ A9 AP[NISPAOIPAD)
1T opesd INATL 4401511 [P2IPa
quuIy Jomo[ pue 1addn 339 ur 1omod ‘ssouxeom quuIy stsaredrwoy Y31 ‘Suruiow ours eiseyde pue ssou
1addn 3391 ‘stseredruoy 139 (Suruow 9ours yooads oM PIpIs-1Y3LI {UOISSTWPE 2I0Jq SABP 7 90UIS
€ SYW ‘g SSHIN JO SuLuns pue ssouyeam pIs-1Jo[ (s1eak (¢ 93e ‘O[_N 110-10 + SYW ‘8 SSHIN Jom paq ‘031I9A (FUNIWOA (SIBIK /1 95 ‘O[ewd] 210-10
UOISSTWPE JB S2I00S S[rejop ase) 'ou102[QnNg  UOISSTWIPE Je SAI00§ S[TeIop ase) ‘ou 302[qng

(81 = N) 9PD[IBAOS + JUAWIEAT) PIEpUL]S

(81 = N) dul[es + Judowlean) pIepuels

(ponunuoo) ¢ 3jqey

A\ Adis



A. Gulati et al.

94

VOI Wa] JO SIS0uaIs %09
pamoys Ayder3orue 1D "01/6 SLDAISV ‘ornsdeo
[euIo)uT JYSTI UT JOTBJUT PIMOYS UBDS 1D T M/LD
%0t—S€ AAAT "wmdos
[e1ore019)s0d UT SONITEWIIOUqE UOT)OW [[eM [BUOISY
"uoTOUNJSAp OI[0ISAS 1J9[ 9)eIopou :0ydH "WYIAYT
SnuIs [BUWLION "90[q YoueIq d[punq 1J9[ :0DH
‘wdq g osnd SSHwWwW 06/0ST dg APINISPAOIPID)
A[snoraaxd sreok G¢
sisaredupenb aynoe (A[snoraaxd sreak ; 20 31q 1397 Jo
uonendwe-J[os pue suaISuen) ‘$10g Ul DGV pue
9sBaSIp 1By o1uAydS[ "N.LH ‘INAZL 410181y [p21papy
erdouenuay J9[ <G/p
qQuIT] JoMO[ 3J9[ pue ¢/+¢ quury roddn 1391 ur romod
{yooads paxn[s {AINOYJIP [eNSIA SqUII JOMO[ pue

UOISN[I0 [9sSAA Jofewr ou pamoys Ayder

-SorSue 1) "snofonu wIoynual 0} SUIPUS)X BIRIPET

BUOIOD 1J9] UI AI0JLLIQ) YDA 1o Ul AysuopodAH
‘01/6 SLOAdSY pamoys uess 1.0 -JYN/LD

IIT "T-11 T “9-TA ut uotssardop 1S :00H
‘wdq 98 asind SHww ()8/9¢€T g 4P]NISPAOIPAD)
QUON :A40181Y [DIIPIN

Sururow 9outs yoaads jo Jurrm(s

puE yInow Jo 9[Sue JO UOHRIAID [IIM SQUI] JOMO]

$ SYw ¢/ SSHINIoddn 1J9] Jo Ssouyeam JOSUO-INIE (SIBAK G 9Fe QeI S00-€0 ¥ SYW 7] SSHIN pue 1oddn 1yS11 Jo ssouxyeom {sIBA 79 93e ‘ORI 800-€0
uonesInyiq VOIA 42 18 uols soSueyo
-n[oo0 [enied pamoys Aydeidoidue 1D "9 ‘ensur OT)0IJ[JSOIAYJR [BIURIORNUI PIZI[RIOUIT pue AI19)Ie
‘uowreind ‘onsdes [euroyur 191 ‘01/9 SLOAISY [B1q219 Jotrdsod 1391 pamoys Ayder3orue 1D
9oTejul AI0JLLIR) DIA W[ PIMOUS UedS 1D J¥A/LD “Joxejur KI0JLIIS) VOIA JOI Pamoys ueds 1D T¥I/LD
%09 AAAT :0U2H wdq g osind SSHWW OOT/0L d P[1ISPA0IPIY)
‘wdq g osind SHww Q1/0LT dg APINISPAOIPID) QUON] -AL0ISTY [DIIP2N
QuoN] {10381y [POIPI ssouyeam [e1oe] uoInau Jojow roddn JySur prru
juasard SOAIQU [RIURID) "BLIYIIBSADP P[IW $G/4 SQUII] JMO]
erdouerway 1J9[ :9AIQU [BIURID) “IPIS 1J9[ O} YInOow pue 1addn 1y3ur ur romod ‘sisaredruay Y3 (opis
JO uoneIA9p ‘yoaads pann[s ‘quur| Jomo] pue roddn 1J9] 0} UOTJBIASD BIOR] PIW ‘quII[ Jomo] pue Joddn
¥ SYW 1T SSHIN JYSLI JO SSAUBAM JOSUO-IINIR (SIBAA [Q a3e ‘ORI $00-€0 $ SYW G SSHIN YSLI JO Ssauyeam JaSUO-INe (SIe9A 99 a3k ‘O[ewo] 900-€0
uo13a1 [eonJod [edrodo-ojerred oy Juore uorsnyip
PIOLNSAI JO SBAIR IIM SUOTE JOTeJUl PIYSIDEM [eU
-19)ut [eyorred-ojuoy SpIs-1ySLI pamoys A senberd
you-pidi] onewoIayie Jo 9AnNsa3sns ‘AIo)ie prjored
uouruod YSLI Ul J99J3p Sul[[Y [0 UOISN[I00 UOTSN[I90 [ISSOA
onoquIoIY) Jo 2ATSaZINS YOIA ST Jo Juow3as Jolew ou pamoys Ayder3or3ue [ onsdeds [eurojur
TN ‘TIAL 28 Jond ydniqe pamoys uess 1D T /LD 1391 ur AyisuapodAy pamoys ueds 1.0 JYN/LD
UOTIRIADP STXE 1J9[ JOUTA :DDH wdq g8 os[nd ‘SHww 08/01 1 dg AP]NISPAOIPID)
‘widq g9 as[nd ‘SHWW O8/01T dF 4PINISPAOIPID) NLH ‘INATL 4401814 [p21po ]
N.LH ‘A -K10151y [p21papy Sunyrem aym 397 Y311 Jo Sur33eap en) Asyed
Ased [eroey Teroey uoinau Jojow Joddn JySir :oa10U [eTURID “G/fy
uoinau Jojow Joddn 3397 :9ATU [BTURID) “G/¢ qUUI] squiy Jomo] pue 1oddn jy3u1 ur 1omod ‘eruojodAy
Iomo] 19 pue ¢/g quuif Joddn 3391 ur Jomod fuors quur Jomof pue toddn 3311 591 01 UONRIAJD [BIOR}
-STIpe 910Jaq Y ] I0J 9PIS JYSLI YINOW JO UOTRIAID pue yooads parin(s {Ssouyeam qUIT[ JoMO] pue
¥ SYW 7T SSHIN  pue qui 1oddn 3j9[ ur ssouyeom ‘s1eak ¢G a3e ‘Q[eA 200-20 QYW ‘9 SSHIN  1oddn op1s-1yS11 1osuo-uappns (s1eak 19 938 Q[N €00-€0
S[TeIop ase) ‘ou 302[qng

UOISSTWIPE 1B $9I00S S[TeIop 9se)

‘ou 109[qng

UOISSTWIPE J& S9I00S

(81 = N) 9PD[IBAOS + JUAWIEAT) PIEpUL]S

(81 = N) dul[es + Judowlean) pIepuels

(ponunuoo) ¢ 3jqey

A\ Adis



95

Sovateltide in Patients with Acute Cerebral Ischemic Stroke

wn[[oqa1ad Jor1a)sod Jy3u
ur JoIejul JIUoIyD) ‘NVMS U pjou Suruoolq apiqns
x91100 Te[nsu] ‘udwreind JySuI ‘snoponu 9jepned JySL
ur JoIeJUI 9JNOB pamoys YA ‘uo13ar erj3ued [eseq
JYSII U JOTeJUT AJNdRANS PIMOYS URDS [ JYN/LD
K1ayre Areuowrnd
Ul pajou JNULINW JI[0ISAS U0nd3(a (pnoj 1S :SAD
‘wdq g osnd SHwWW z9/01 1 dd 4P]NISPA0IPID))
6007 Ul AWOIO[NATEA [eXIW UoO[[eq -KL01S1Y [DIIPIA
Asred [eroey
uoinau Jojow Joddn 1307 ‘suonendred ‘ured 3sayo
‘g3nos ‘eouaunuodur Areurin ‘Ajfewiouqe yoaads
‘syure[dwiod [ensIA ‘s2INZIds ‘SUNIWOA SQUI JOMO]
pue 1oddn 1391 ur 1omod jo ssof 919[dwos asnes 03 y
G JOAO PUDSIOM JNq PITW AJ[EIIIUI SSOUNEIAN "UOT)
-BIAQD [e10B] {squI] Jomo[ pue 1addn 3J9[ ur ssouyeom
$oUoBpEAY [BIURIO-TWIAY M SqUI] Jomo[ pue Joddn

1o1RJUT YOI JYSLI pamoys TIIN “TYN/LD
wdq 9z osind ‘SHww 08/0¢ T dd AP]NISPAOIPAD)
s189K 7T 10J INQTL -K40181Y [po1papy

G/0 squy Jomo[ pue 1addn 3591

g/ < squur Jomof pue 1oddn yStr ur romod <yooads

+ SYW {17 SSHIN 3t ur eisayisared pue Surun (s1eok g¢ o5e ‘Orewro] 00-10 + SYW 1T SSHIN PoIIN[s ‘UOTIBIAP [BIOR] 9PIS-1Jo] (SIBAA 69 e ‘ORI S00-+0
K1011119) VDN WS11 Jo1RJUT [BIOLIRd-0JUOI) JJO] PAMOYS UBDS 1D [ NW/LD
ur KyisuapodAy pauygop-[[I pamoys ueds 1.0 JY¥N/LD wdq 9¢ asind SHwW (6/091 dd 4P]NISPAOIPID)
VoI Arsnotaaxd sreak g stseredrwoy Jysi
JYSLI Ul SISOURIS 9% ()6< JO 2ANsad3ns 1orddop prore) pue v TNAZL pue proikyiodAy L1011y [po1pa
‘wdq g 9s[nd SSHWW (6/0t 1 dd PINISPAOIPAD) stsaredrwoy papIs-ySry “Moyop AIosuas ou
QUON] {40181y [VIIPIN ‘quuiy roddn ur | opeIs ‘QuIT] JOMO] UT 7 9peID) }Jo[
er3ordrway J9[ ‘ssopsar *SA JYS1LI U0 YSLIq :SOXaPaI uopua) doo “JYIIu SnorA
PUER 9[QRILLII {WNLIOSUIS PAISI[B (IIM SSAUNLIM ULIR -o1d 9ours yooads pasInys (FUIUIOW J0UIS SSAUYBIM
¥ SYW ‘] SSHIN Jomo] pue 1oddn 1J9] 10su0-93noe (s1eak ()9 95 QeI 100-+0 ¥ SYW ‘€T SSHIN Jo ‘wire ‘00r) PapIs-1IYSH (s1aK 79 95k ‘Orewa €00-+0
VOIA 42] JO youriq [BISIp QU0 UI MO}
Jjo Ayoned priwr pamoys Aydei3ordue 1) ‘uowreind 9OMS OTWAYOST
S ur AyisuapodAy apqns pamoys ueds 1D JYA/LD 9[nsdes [eur)ul 139 Pamoys ueds 1D J¥N/LD
(%09 d9) uonouny AT [eutioN "HA'T PITIAL :049H wdq (6 os[nd SHWW 06/0F1 dF “PIHISPACIPID)
‘wdq g9 os[nd ‘SHWW $6/0%1 g P]NISPAOIPID) A[9101dwod paraaodar ‘Asnoraaid 1eak |
NLH {10181y (p21pajy sisoredroy 1JoT “NAZL PUe N.LH 440551 [21pay
SuruIouwr 9oUTs IPTS 3J] 0} YINOW UT UOT) erdordrwey Jy3I ‘yosads parmys (39] pue wIe ‘Q0ej]
¥ SYW (9 SSHIN -BIASD P[IW $SSAUNBOM POPIS-IYTLI (SIe9A §G a3e ‘ORI L00-€0 $ QYW ‘€] SSHIN  1YSILI JO SSQUyeam JOSU0-I)NOe (SIedA 4G 93e ‘ORI 200-+0
UOISSTWPE 1 SA100S S[rejop ase) 'ou102[QnNg  UOISSTWIPE Je SAI00§ S[TeIop ase) ‘ou 302[qng

(81 = N) 9PD[IBAOS + JUAWIEAT) PIEpUL]S

(81 = N) dul[es + Judowlean) pIepuels

(ponunuoo) ¢ 3jqey

A\ Adis



A. Gulati et al.

96

paenuayne YOI W31 pamoys Ayderdordue 1D
orejur A10J1119) WYS LI AZIR] PAMOYs ueds 1.0 1¥N/LD
wdq g/ 9sind ‘SHww (//071 dg APINISPA0IPID)
QUON] -A10JS1Y [DIPI

Asted uonsuojow roddn

12 1391 ¢G/0 squi] 1omo] pue Joddn 3397 ur zomod ¢Fur

-UIOW QOUIS OPIS JYSLI SPIem0) UOTBIASD [BIOR] [JIM

109JJ9 SSeW OU IM KIOJLIIO)
VOIN ¥ Ul 3o1ejul fesoynnul poamoys TIIN 1IN/ LD
HAT parwadsng :00d
‘wdq 9¢ 9sind SHww 0O 1/081 dg ~P[NISDAOIPID))
QuoN - K10151Y [POIPI
G/S opeid
squury 3391 ut Jomod ¢G/4 apead squurf 3y3ur ur romod
¢Asred aa1au [eroey uomau rojouwr roddn Jy31r ¢uors
-STWpe 210Joq Aep | 10J quir| Jamo] pue 1oddn Jy3ur

 SYW ‘€T SSHIN Yooads parinys ‘ssauseam pIs-1Jo (s1eak (¢ o5e Oejy S00-90  SYW ‘6 SSHIN  JO ssouyeom (yooads parinys :s1edk (g o3e ‘o[ewo £00-90
Aydei3or3ue 1D [ewIoN "So3uBYO OIWIAYOST
JTUOIYD S[BAOIUISS WNIUID PUR BIBIPEI BUOIOD /g
ur Y MoyiM 150§ dsuduLadAy Y[V 1A/ZL Mo
*$JOIRJUT 9)NOE JO IA1Sa3ns suod pue saroydstwoy
IB[[9QQ130 /g JO 1SI YY) UI UOT)OLNSAI asnyIp Sur
-moys seare odnnyA “1orejur 9Indk Jo 9A1SA33NS S[IS
-u0} /g ‘e1oydstway Ie[[2qa1ad 1yS1I SurajoAur DAV
/A U0 Y Sutmoys pue Y[V Td/zL uo asuajuriodAy
Surreadde Ayrsuojut [euS1s paIdlfe JO BAY JY /LD 9[nsdes TeuIa)UI
%09 AdAT ‘0ydq YSII UT JOTEJUT DL [[eWs Pamoys TN -[Y /LD
‘widq g osnd SHww 8/0¢T dd APINISPAOIPAD) qInq pnoied 1j9] 1e anbeyd 90z :101ddop prore)
QuoN :A.10181Yy [DIIPI ‘wdq gy osind SSHww 0//021 49 4P]nospaoipav)
UOTJRIAQD [BIOR] s1eaK ¢ 10J IN(ZL, -K401S1Y [DIIPIN
‘3untwoa jo soposide oidnnuw ‘uoIssrupe 210joq Surutow outs Asyed 9AIU [RIOR] YIIM UOTIBIAID
+ YW 41 SSHIN Aep [ yooads parm[s pue Suniuoa ‘s1eak /G a3e Qe +00-90 € SYW ‘g SSHIN  [B108B] 9PIS-1J9[ ‘yoaads parinys {s1eak 9G 238 ‘Q[eJAl 900-90
JoreJul VOIA JYSLI pamoys THIN T4 A/LD
¥20[q yourIq S[punq IYSTY :DIH
‘widq (o osind SSHWW 0L/011 g AP[nISPAoIpin) orjoquud A[9YI[ ‘X93109
QUON] {40181y PIIPIN Ie[nsur 1Jo] SuTAJoAur uorgar [eyrdrooo-oyorred-ojuoy
G/ SQUIJ Jomo[ S10IBJUT 9INOE [RIOJN[NW PIMOYS TN -T¥ /LD
pue 1oddn 1397 ur romod ¢opIs 3J9[ UO P[oJ [BIqR[OSBU %09
PUE SPI[OAD JO SUISO[O ‘SOP[ULIM PISBIOIP ‘YInowt JIAT cuonouny o1[03SAS pue 9ZIS AT [BWION 0y
JO 9[3ue WOIJ IPIS 1Jo WIOIJ POOJ PI[O0IP ()9} ‘wdq 98 osind ‘SHww 08/0¢T dd 4P]NISPAOIPID)
youa[o Jo ‘roppe|q Areurin K)dwa A1eyordwos ‘opdoad QUON] -AL01S1Y [DIIPIN
9z1u30931 J0U p[Nod Juaned {yovads Jo ssaurABaY UOISSTWIpE JO sAep 7 10§
¢opI1S JYSLI U0 AJ[eWIOUQR [BIOB] YIIM PIJRIDOSSE SIS yo9ads parm(s pue ssauyeom uLre Jy3L ‘Kep [ 10§
$ SYW ‘9] SSHIN -orediwoy 1J9] ‘SSouyeam pIs-1Jo] (S1eak 1 o5e Qe 100-90 £ SYW ‘1T SSHIN SSoudeam apIs-jySLI pue ssoIsal ‘s1eak 49 a3e ‘OejN 200-90
‘ou 303[qng S[rejop ase) "ou 109[qQng

UOISSTWIPE 1B $9I00S S[TeIop 9se)

UOISSTWIPE J& S9I00S

(81 = N) 9PD[IBAOS + JUAWIEAT) PIEpUL]S

(81 = N) dul[es + Judowlean) pIepuels

(ponunuoo) ¢ 3jqey

A\ Adis



97

Sovateltide in Patients with Acute Cerebral Ischemic Stroke

SmI[W s)aqeIp 7 2dA) Y@z ‘KI9A0091 UOISIOAUT pajenusyie-piny payySem-g 1, y1vV714
/21 ‘Ayderor3ue poyyIrom-Aiqndaosns NYMS O[OS Y0NS YI[eoH JO 2IMNSU] [BUOTIBN SSHIN ‘O[8OS UDUBY PoyIpowl $yul ‘SUISBWT 9OUBUOSAI dNQUSBW [y ‘A19)Ie [RIGRIdD I[PPIW VON
‘AydonrodAy TenoOINUAA 1Jo] HAT ‘UONIBI) UONI[d IR[NIINUIA O] JFAT “Q[OLNUIA 1] A7 ‘AIS)Ie PIOILd [RUINUI )] ‘UoIsulIadAy AL ‘uonoelj uonodafo 77 ‘wreiorpIesoyds oyoq ‘ureiorp
-I2O0MI9[ HDF ‘PAYSToM UOISNIJIP M (T UOTIIINSAI SN ¥ ‘SMI[OUW SAJ2QRIP (7 ‘WISAS Ie[nosesorpie)) A ‘AydeiSowo) payndwiod 7)) ‘oseasip A1a11e A1eU0100 (7Y ‘1je1s ssedAq A1o1re
K1euo10d ngyH ‘gmurw 1od syeaq widq ‘aimssaid poojq Jg ‘[eroreqiq 7/g 9109s 1D A[eg weisold aons Buqly SIDAJSY Wa1dyjood uoisnyip juaredde Hqy ‘A1911e (81190 JOLIJUR VOV

JoIRJUI AINdkgNs Sunsa33ns snik3
renuao-a1d yStr ur Ayrsuspod Ay pamoys TN -T¥IW/LD
wdq gg osind SSHww (£/01 1 dg AP]NISPAOIPID)
QuoN :A.101s1y [DIIPIW

9pIS JYS1I 0) UOTJRTIASP NnSUO) ‘BLIY)IESAp [e108] Sul

-uI0W 90Uls 9IS YT 0) YInowr Jo J[3ue JO UOIIRIAID

9pIs JYS1I U0 sayoueIq [BONI0D Jo Ajroned [im Juow

-39s ¢IN pue ZIA JO SUIMOLIBN 2qO[ [BIUOI] pUE
[e3otred 1Jo] Ul Jorejur 93noe pamoys TN I N/LD

KI10)Ie PrjoIed UOWWOD [eISIP 1JO[

‘K19)18 prored uowwod Jy3u ur sanberd ¢sprjores

3J9] Ul saSueyd SNOJeWOI[ds-o1aylIe :1o[ddop 10[0D)
‘wdq 9 osind SHww 0O1/08T dg AP|NISPACIPADY)
O1[0Y0d[e ‘N.LH -£10181Y [pO1pap

Asted

[e1o®] PIIW ‘T[A :9AIOU [BIURI)) "9PIS }JO[ 0} YINOW JO

uoneiAdp ‘quiy Joddn Jy3ir Jo ssaueam (AnoyJIp

€ SYW G SSHINPUE Y299ds parin[s JosUO-UIPPnSs $SIeak ¢¢ 3. ‘Qrewo 100-L0 € SYW ‘9 SSHIN Surpuy piom yooads parmys s1eak ¢¢ oFe ‘ORI 200-L0
UONRWLIOJSURT) JISBYLIOWY JO JOUIPIAD OU $AI0)
-LLI9) VOIN o] Ul 30Iejul 91nde pamoys TYIN -TdN/LD
%09 H4AT -0Udd "HAT “DOd
‘wdq 4/ osind SSHww 08/0L1 dd 4P]NISPAOIPID))
UOTSA] SNO[ONU JATOU [EIO] PUE SSQUNBIM [ENPISAT
ym sisaredrwuay 3J9] Jorejur orwreey) WYL — JuIp K1011119) KI9)JB [BIQ2I9D JOLID)
-100® IB[NOSBA0IqRIdD) ‘N.LH ‘N -£40181Y [po1pa -sod ur joreyur oynoe opdnnw pamoys 1IN -T¥W/LD
SqQuII[ Inoj [re %09 HdAT "HA'T S11U3d5u0S pIIA -0ydq
Ul +] $9X9PaI uopud) doap squil| 1J9[ Ul PaseaIoul ‘wdq 97 9sind SHwwW (6/091 g 4P]NISPAOIPAD)
quog, *s1s03d 942 1J[ {UOISSIWPE 210J2q Y $—¢ d0UdU s1edk 7 10] NLLH -£40181 [0o1p2 ]y
-TJUOOUT [9MO0q [IIM PIJRIDOSSE BAT[ES JO JUI[OOIP G/ qQuuIy Jomof Y311 ur 1omod <sso[ Kxowow ¢sisared
$ SYW 9] SSHIN ‘1sa11e §29ads {WNLIOSUds PaIdle (S1eak 4G 93 QeI 800-90 $ SYW ¢/ SSHIN -Twoy Y311 ssoueam opIs-1ySL is1eak () a5e Q[e]Al 600-90
UOISSTWPE 1 SA100S S[rejop ase) 'ou102[QnNg  UOISSTWIPE Je SAI00§ S[TeIop ase) ‘ou 302[qng

(81 = N) 9PD[IBAOS + JUAWIEAT) PIEpUL]S

(81 = N) dul[es + Judowlean) pIepuels

(ponunuoo) ¢ 3jqey

A\ Adis



98

A. Gulati et al.

andwother events that severely affect neuronal cells [33].
Neuronal and glial cells are major components of neural
tissues in the CNS, and both are generated from common
Nestin-expressing neural stem/progenitor cells [34, 35]. Sur-
vival and directed differentiation of progenitor cells has been
shown to play an important role in regeneration of damaged
tissues in different organs, including the brain [36]. Vascu-
lar endothelial growth factor enhances both angiogenesis
and neurogenesis [37]. In a rat model of cerebral ischemia,
human trophoblast progenitor cells enhanced expression of
angiogenic and neurogenic factors in the brain and signifi-
cantly decreased infarct volume [38]. A non-randomized
open-label phase I study of autologous cluster of differen-
tiation (CD)-34+ selected stem/progenitor cell therapy in

patients with cerebral ischemic stroke with NIHSS scores
> 8 and within 7 days of stroke onset showed improvement
in mRS and NIHSS scores during 6-month follow-up [39].
Patients with chronic stroke, functional deficits and NIHSS
scores > 6 transfused intravenously with mesenchymal stem
cells over the 12 months of follow-up reported increases in
BI scores (p < 0.001) of 10.8 + 15.5 points [40]. It appears
that using stem cells or progenitor cells may have promise
in improving the outcomes of patients with acute cerebral
ischemic stroke.

Intravenous sovateltide resulted in higher neuronal pro-
genitor cell (NPC) differentiation and better mitochondrial
morphology and biogenesis in the brain of stroked rats [41,
42]. Exposure of cultured NPCs to hypoxia also showed

Table 4 Standard-of-care details of the treatment in control and sovateltide group of patients
Ptno. SOC + saline (N = 18) Ptno. SOC + sovateltide (N = 18)
01-001 Enoxaparin injection, aspirin tablet, rosuvastatin tablet, 01-002 Enoxaparin injection, rosuvastatin tablet, amlodipine tablet,
cilnidipine and chlorthalidone tablet aspirin and clopidogrel tablet
01-004 Enoxaparin injection, aspirin tablet, clopidogrel and rosuvas- 01-003 Amlodipine tablet, enoxaparin injection, cognistar injection,
tatin tablet aspirin tablet, clopidogrel, telmisartan tablet, rosuvastatin
tablet
01-005 Cognistar injection, levetiracetam tablet, mannitol injection, 01-006 Enoxaparin injection, aspirin and clopidogrel tablet, amlodi-
rosuvastatin tablet, amlodipine tablet, aspirin tablet, furo- pine tablet
semide tablet, rosuvastatin tablet
01-008 Enoxaparin injection, aspirin and clopidogrel tablet, rosuvas- 01-007 Enoxaparin injection, aspirin and clopidogrel tablet, rosuvas-
tatin tablet tatin tablet, cognistar injection, labetalol tablet, amlodipine
tablet, nifedipine tablet
01-009 Aspirin and clopidogrel tablet, atorvastatin tablet, cognistar ~ 01-010 Enoxaparin injection, aspirin and clopidogrel tablet, mannitol
injection injection
01-012 Enoxaparin injection, cognistar injection, aspirin and clopi- ~ 01-011 Atorvastatin tablet, enoxaparin injection, cognistar injection,
dogrel tablet, rosuvastatin tablet, amlodipine tablet nicoumalone tablet
03-001 Mannitol, aspirin tablet, amlodipine tablet, atorvastatin tablet 02-001 Alteplase injection, aspirin tablet, atorvastatin tablet, escitalo-
pram tablet, telmisartan tablet
03-003 Aspirin tablet, atorvastatin tablet 02-002 Heparin injection, aspirin tablet, atorvastatin tablet, enoxaparin
injection
03-006 Amlodipine tablet, aspirin tablet, clopidogrel tablet, atorvas-  03-004 Amlodipine tablet, alteplase, aspirin tablet, atorvastatin tablet
tatin tablet
03-008 Amlodipine tablet, tenecteplase, aspirin tablet, atorvastatin 03-005 Metoprolol tablet, aspirin tablet, clopidogrel tablet, ramipril
tablet tablet, atorvastatin tablet
04-002 Aspirin and atorvastatin capsule 03-007 Atorvastatin tablet, aspirin tablet, clopidogrel tablet, fluoxetine
tablet, amlodipine tablet
04-003 Aspirin and atorvastatin capsule, clopidogrel tablet 04-001 Aspirin and atorvastatin capsule
04-005 Atorvastatin tablet, aspirin tablet, telmisartan tablet, clopi- 04-004 Nicoumalone tablet, furosemide and spironolactone tablet,
dogrel tablet enoxaparin injection
06-002 Aspirin and clopidogrel tablet, mannitol injection, atorvasta- 06-001 Aspirin tablet, clopidogrel tablet, atorvastatin tablet, trimetazi-
tin tablet, dalteparin injection dine tablet
06-006 Aspirin tablet, atorvastatin tablet, telmisartan and amlodipine 06-004 Aspirin tablet, atorvastatin tablet
tablet
06-007 Aspirin tablet, atorvastatin tablet, amlodipine tablet, telmisar- 06-005 Aspirin tablet, mannitol injection, enoxaparin injection, furo-
tan tablet, fluoxetine capsule semide injection, atorvastatin tablet
06-009 Telmisartan and amlodipine tablet, aspirin, atorvastatin and ~ 06-008 Olmesartan and amlodipine tablet, atorvastatin tablet, pheny-
clopidogrel tablet, memantine tablet toin syrup, aspirin and clopidogrel tablet
07-002 Aspirin tablet, atorvastatin tablet 07-001 Aspirin tablet, atorvastatin tablet

pt patient, SOC standard of care
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Fig.2 Time of initiating the treatment after onset of stroke

higher NPC differentiation and maturation with sovateltide
[41, 42]. ETy receptors are vital for the development of
neural crest-derived epidermal melanocytes and enteric
neurons [19, 27, 28, 43, 44]. ETy receptors are known to
regulate the differentiation, proliferation and migration of
neurons, melanocytes and glia of both the enteric system
and the CNS during pre- and post-natal development [5, 20,
23, 45]. ETy receptor knock-out in rodents led to mortal-
ity within 4 weeks of birth [46, 47], craniofacial malforma-
tion [48, 49], increased apoptosis, and a significantly lower
number of NPCs in the CNS. It has been demonstrated that
ETj receptors in the brain are overexpressed at the time of

birth and that their expression decreases with maturity of
the brain [21, 50]. We have successfully used sovateltide
as a novel pharmacological tool to activate a regenerative
response in the ischemic brain by stimulating ET}, receptors
[24, 25, 29, 30].

Stimulation of ETy receptors by sovateltide facili-
tated restoration of cerebral blood flow and improvement
in neurological and motor function in a rat model of cer-
ebral ischemia [24, 25, 29, 30]. Sovateltide-treated animals
showed strong evidence of neural tissue repair and regen-
eration, including decreased infarct volume and oxidative
stress, increased pro-angiogenic, pro-survival and anti-
apoptotic markers; and increased numbers of proliferating
cells [24, 25, 29, 30, 41, 42]. The SONAR trial administered
a selective ET, receptor antagonist (leaving ETy receptors
unblocked) in patients with type 2 diabetes mellitus with
chronic kidney disease [51], who have a significantly greater
risk of cardiovascular accidents [52], providing indirect sup-
porting evidence of a reduced number of nonfatal strokes in
these patients. Unblocked ETj receptors can be stimulated
by endogenous circulating ET-1 to produce a neuroprotec-
tive effect, because ET,-selective antagonism produces
an overstimulation of ETy receptors [53], and ET-3 (more
selective for ETy receptors) dilates cerebral blood vessels,
which was enhanced by ET, receptor antagonist BQ123
[54]. These findings support our argument that sovateltide
mediates brain regeneration and repair after ischemic stroke
in the adult brain. Further confirmation is provided by
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Fig. 3 Neurological outcome measures of National Institute of Health Stroke Scale (NIHSS), modified Rankin Scale (mRS) and Barthel Index

(BI) in individual patients from day 1 through day 90
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Fig.4 Neurological outcome measures on day 6 vs day 1 of National
Institute of Health Stroke Scale (NIHSS) scores

evidence that selective blockade of ETy receptors exacer-
bates ischemic brain damage [19].

The clinical phase I trial (CTRI/2016/11/007509) in
healthy human volunteers determined a safe and maximum
tolerated dose of sovateltide [5]. In the present study, we
report the results of an exploratory phase II (NCT(04046484,
CTRI/2017/11/010654) study in patients with ischemic
stroke. For the present study, we used three doses of
sovateltide 0.3 pg/kg administered as an intravenous bolus
over 1 min at an interval of 3 + 1 h on days 1, 3 and 6
(total dose of 0.9 pg/kg/day). The half-life of intravenous
sovateltide ranged from 4.38 to 8.29 min at doses of 0.11
pg/kg and 0.29 pg/kg, respectively [55, 56]. The observed
half-life of sovateltide was short; however, a longer duration

Change in NIHSS (Day 90)

Change in mRS (Day 90)

of action is possible because it has been suggested that ET-1
and its receptors form complexes that are internalized and
continue to signal [57]. Internalization of ET-1 and its recep-
tor complex into caveolin-containing vesicles occurs within
10 min of ET-1 application, but it continues to signal and
provide effects that may last for days [58, 59].

The primary objective of the study was to evaluate the
safety and tolerability of sovateltide. Key secondary objec-
tives included efficacy measurements of neurological
improvements using the NIHSS, mRS and BI scales and
quality-of-life assessments using the EQ-5D and the SSQoL.
Sovateltide was well-tolerated, and every patient in the
sovateltide group received all nine doses during treatment
without any adverse events. Sovateltide treatment was initi-
ated between 8 and 24 h after the onset of stroke. Sovateltide
treatment resulted in a quicker recovery as measured by
improvements in mRS and BI scales on day 6 compared
with day 1. Moreover, sovateltide increased the frequency of
favorable outcomes at day 90. An improvement of > 6 points
in NIHSS was seen in 56% of patients with sovateltide ver-
sus 43% with saline. Although this was not statistically sig-
nificant, the trend clearly shows an improvement in favorable
outcomes. An improvement of > 2 points in the mRS was
observed in 60 and 40% of patients with sovateltide and
saline, respectively. Although changes in mRS score were
not significant at the 95% confidence level, it was significant
at the 90% confidence level. Similarly, a BI improvement
of > 40 points was reported in 64 and 36% of patients with
sovateltide and saline, respectively (p = 0.0112). The num-
ber of patients with complete recovery achieving an NIHSS
score of 0 and a BI score of 100 was significantly higher
(p < 0.05) with sovateltide than with saline at the 95% con-
fidence level. The sovateltide group also had more patients
with an mRS score of 0 (p = 0.1193), but this was not sta-
tistically significant. These results show a trend towards
complete recovery with sovateltide compared with saline,

Change in Barthel Index (Day 90)
Em mRS <2

mm NIHSS <6 B RS 52 20- mm Bl <40
mRS >
@ 157 Bl NIHSS >6 @ 15 P Em Bl >40
3 S 5 15
2 10- 3 104 8
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E 51 £ 57 £ 5.
=] 3 3
z 4 z
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Change of >6 in NIHSS Day 90 (P=0.2714) Change of >2 in mRS Index Day 90 (P=0.0519) Change of >40 in Barthel Index Day 90 (P=0.0112)
Odds ratio 2.275 195% C10.5785 to 8.310 Odds ratio 5.250 95% CI 1.000 to 27.63 Odds ratio 12.44 95% CI 1.502 to 147.1
Percentage | NIHSS <6 NIHSS 26 Percentage | mRS <2 mRS 22 Percentage BI <40 BI >40
Control 63.64% 43.48% Control 77.78% 40.00% Control 87.50% 36.00%
Sovateltide 36.36% 56.52% Sovateltide 22.22% 60.00% Sovateltide 12.50% 64.00%

Fig.5 Number of patients with change in National Institute of Health Stroke Scale (NIHSS), modified Rankin Scale (mRS) and Barthel Index

(BI) at 90 days of follow up
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Fig.6 Number of patients with complete recovery as indicated by National Institute of Health Stroke Scale (NIHSS), modified Rankin Scale

(mRS) and Barthel Index (BI) at 90 days of follow up

although it did not reach statistical significance in all clini-
cal outcome scales. In a landmark recombinant tPA (rtPA)
stroke study, complete recovery was defined as an NIHSS
score of 0—1, an mRS score of 0—1 and a BI score of 95-100
[60]. In this study, complete recovery was experienced by
38 and 50% of the control and rtPA groups, respectively,
according to BI scores; 26 and 39% of the respective groups
according to mRS scores; and 20 and 31% of the respec-
tive groups according to NIHSS scores [60]. The results

SSQOL Scale (Day 90)
15- mm SSQOL <200
° Hl SSQOL =200
b=
[}
£ 10
o
—
o
3 s
£
3
z
0-
Control Sovateltide
Statistical significance
Test Chi-square|
P value 0.0842)
Odds ratio 3.429[95% CI 0.7909 to 15.47

in our study also showed favorable outcomes, with com-
plete recovery in 12 and 28% of the saline and sovateltide
groups, respectively, according to BI scores; 15 and 24% of
the respective groups according to mRS scores, and 13 and
23% of the respective groups according to NIHSS scores.
Our percentages were lower than those in the rtPA stroke
study [60] because we considered an NIHSS score of 0, a BI
score of 100 and an mRS score of 0 to be indicators of com-
plete recovery (Fig. 6). No drug-related adverse events were

EUROQOL Scale (Day 90)
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Fig.7 Number of patients with improved quality of life at 90 days of follow up. CI confidence interval, EuroQoL EuroQoL 5-Dimensions tool
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reported. Results indicate a clear superiority of sovateltide
over SOC, resulting in better clinical outcomes for patients
with acute cerebral ischemic stroke.

Patients enrolled in this study had mild-to-moderate
acute ischemic stroke, and patients with lacunar stroke were
excluded. The main reason for excluding lacunar stroke was
to exclude extreme variability in the assessment of neu-
rological outcome in such strokes. Since this was a study
using a potential first-in-class drug product, we took this
approach to enable proper comparison with a limited number
of patients. All patients (100%) had an mRS score > 2 at
enrollment. Further, 83.33% (15/18) of patients in the saline
group and 88.89% (16/18) of those in the sovateltide group
had an NIHSS score > 6 and a BI score < 60. Stroke in most
of the patients was moderate in nature because the NIHSS
score was 9.17 + 0.89 and 9.72 + 0.94 in the saline and
sovateltide groups, respectively. Similarly, the mRS score
was 3.72 + 0.11 and 3.78 + 0.10 in the respective groups,
and the BI score was 35.56 + 5.60 and 32.22 + 4.75 in the
respective groups. The most important clinical endpoint,
recognized by the major regulatory agencies, is mRS score
at 90 days, which was 1.71 + 0.41 and 0.88 + 0.26 in the
control and sovateltide groups, respectively; the difference
in mean was not statistically significant (p = 0.0965) at the
95% confidence level but was at the 90% confidence level.

The limitations of this study include that it enrolled a
small number of patients and was conducted in one coun-
try. The promising results from this study led to an efficacy
study in a larger cohort of patients with ischemic stroke, and
sovateltide is currently being tested in a multicentric, rand-
omized, blinded, controlled efficacy phase III clinical trial
(NCT04047563). The sovateltide group had more younger
patients than the control group, which may contribute to
better recovery in the former. Another limitation is that
more female patients were enrolled in the control group,
which could affect the outcome. It has been reported that
age-adjusted mortality rates due to stroke are higher for men
than women, but women surviving stroke have less favorable
outcomes than men [61]. Although our results suggest that
sovateltide treatment can be initiated within a window of
24 h after the onset of stroke, experimental studies in our
laboratory indicate that neurological outcomes are better
if sovateltide treatment is initiated within 2—6 h after the
onset of stroke [24, 25, 30, 62]. Hence, if sovateltide treat-
ment is initiated quickly after the onset of stroke, a greater
improvement in neurological outcome may be possible. In
the present study, 22.22% of patients in the saline group and
44.45% of those in the sovateltide group received treatment
after 20 h (between 20 and 24 h) of onset of stroke. This
delay in sovateltide treatment could have negatively affected
neurological recovery.

A\ Adis

5 Conclusions

Sovateltide was safe and well-tolerated in patients with
ischemic stroke. This is the first and thus far only study to
assess the effect of sovateltide on neurological outcome
in patients with acute cerebral ischemic stroke. This was
an exploratory phase II study because using sovateltide
is a completely new approach in the treatment of stroke.
Sovateltide administered intravenously in patients with acute
cerebral ischemic stroke showed significant improvement
in several but not all parameters of neurological outcome.
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