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Abstract

Aims: Human urinary kallidinogenase (HUK) has shown favorable efficacies in acute
ischemic stroke (AIS) treatment. We sought confirmation of the safety and efficacy of
HUK for AIS in a large population.

Methods: RESK study enrolled patients with AIS of anterior circulation to receive
HUK infusion. The primary endpoint was the incidence of treatment-emergent ad-
verse events (AEs). Secondary endpoints assessed neurological and functional im-
provements and stroke recurrent rate.

Results: Of 1206 eligible patients, 1202 patients received at least one dose of HUK
infusion and 983 (81.5%) completed the study. The incidence of treatment-emergent
AEs and serious AEs were 55.99% and 2.41%, respectively. Pre-specified AEs of special
interest occurred in 21.71% of patients, but the majority were mild and unrelated to
therapy. Hypertension, age, treatment time, and drug combination were identified to
be associated with drug-related blood pressure reduction. Neurological and functional
evaluations revealed favorable outcomes from baseline to post-treatment assessment.

The cumulative recurrence rate of stroke was 2.50% during the 90-day assessment.

A list of all RESK investigators is given in the Appendix A.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | INTRODUCTION

Stroke represents acommon and serious global healthcare problem.
Acute ischemic stroke (AIS) is the most common subtype of stroke,
accounting for 60%-80% of patients.? Although stroke mortality
has decreased worldwide in the past two decades, the overall global
burden of stroke is great and increasing due to the aging population,
particularly in developing countries.’ Any timely and efficient thera-
peutic strategies for AlS are the priority.

Although multiple treatment options for AlS have been provided,
the optimal regime remains controversial.* The conventional treat-
ment is usually dissatisfactory.” Recombinant tissue plasminogen
activator as the standard treatment for AlS still has well-recognized
limitations.® Besides, explorations on the acute phase of stroke
treatment have mostly failed, including cerebral protection and col-

lateral circulation improvement.”®

Accordingly, alternative options
for AIS treatment remain the focus of global medical attention.
Recent evidence has convincingly established that the sufficiency
of collateral circulation acts as a key factor influencing the likelihood
of successful reperfusion and favorable outcome during conventional
treatment.”1® Agents that augment collateral perfusion as an ad-
junctive strategy would be a valuable asset for AIS patients.” Human
urinary kallidinogenase (HUK) is a glycoprotein, which has been ap-
proved for stroke treatment.}! Notably, pharmacological evidence
has proved that HUK enhances collateral circulation, cerebral blood
flow, angiogenesis, and cerebral perfusion.lz’13 Previous trials have
shown its potential efficacy in stroke treatment.!'* Although HUK
is generally well tolerated, adverse events (AEs) related to HUK, es-
pecially blood pressure (BP) reduction, are still a question worthy of
attention.’® However, recent results were from several small-scale
trials, and the evidence for the safety of HUK is still limited.
Therefore, the primary purpose of the RESK study was to evalu-
ate the safety of HUK in patients with AlS, providing more evidence
for its clinical application, as well as the risk management and control
of medical institutions. The secondary objective was to evaluate its

efficacy in a large population.

2 | METHODS

2.1 | Study design

In this single-arm, multicenter, phase IV study (NCT02562183; Figure 1),
patients were recruited from 65 centers in China between August
2015 and June 2020. The study was conducted in accordance with

Conclusion: HUK had an acceptable safety and tolerability profile in AIS patients.
Besides, HUK demonstrated the neurological and functional improvements in AlS,

further confirming its clinical efficacy in a real-world large population.

acute ischemic stroke, clinical trial, efficacy, human urinary kallidinogenase, safety

Declaration of Helsinki and International Conference on Harmonisation-
Good Clinical Practice guidelines. The study protocol was approved
by the institutional review board (Ethical Approval Number: HS-917).
Written informed consent was obtained from all patients or their legal

surrogates.

2.2 | Patients eligibility

Patients aged 18-80 years were eligible if they had a clinical
diagnosis of anterior circulation AIS with an onset within the
previous 48 h. Details of diagnostic criteria for AIS have been
described in the published protocol.16 Briefly, they had to be the
first onset or had a history of ischemic stroke but without seri-
ous sequelae, with a modified Rankin Scale (mRS) score of 0-2
and a National Institute of Health Stroke Scale (NIHSS) score
of 6-25.

We excluded patients with clinically suspected or confirmed
intracranial hemorrhagic disease by head computed tomography
(CT), transient ischemic attacks (TIA), or patients who previously
underwent or to undergo thrombolysis, interventional therapy,
and stenting. Patients who had previously received angiotensin-
converting enzyme inhibitors (ACEI) but within five half-lives,
or who require ACEI therapy after enrollment were ineligible.
Patients were also ineligible if they are allergic or intolerant
to HUK. Complete eligibility criteria are listed in the published
protocol.*

2.3 | Procedures

Patients were scheduled to receive HUK (0.15 pNa unit) as an
intravenous infusion. HUK was administered as a single intra-
venous dose over 50 min every day for 14-21 continuous days
according to clinical practice, until unacceptable AEs, consent
withdrawal, or investigators’ decision. Patients who experienced
treatment-related AEs should pause their treatment and receive
positive treatment, or withdrawal from the study. All patients
were allowed to receive antiplatelet, anticoagulant, defibrase, and
neuroprotective agents according to the guideline for AIS. After
the completion of treatment, all patients were followed up to day
90. During the 90-day follow-up, the safety was monitored by a
follow-up telephone call. HUK (Techpool BioPharma Co. Ltd) was
provided as the sterile solution and diluted in 0.9% saline solution
before infusion.
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* Visits from day 1 to day 90.

NIHSS was assessed at day 0, 8, 15, and 22; Bl index and mRS were assessed at day 0, 15, 22 and 90;

Recurrence was assessed from visit 2 to visit 7; Safety was monitored throughout the study.

FIGURE 1 Study profile

2.4 | Endpoints and assessments

The primary endpoint was the overall incidence of treatment-
emergent AEs throughout the study. Safety and tolerability were
evaluated through AEs, vital signs, laboratory measurements (includ-
ing urinalysis, hematology, and blood chemistry), electrocardiogra-
phy, and neuroimaging data (head CT or magnetic resonance imaging)
during infusion, the first 24 h post-infusion, and at scheduled vis-
its, including day 1, 2, 3, 8, 15, 22 or discharge, and 90-day follow-
up. AEs were assessed using Medical Dictionary for Regulatory
Activities (MedDRA) and graded as mild, moderate, and severe in se-
verity. AEs were considered as serious if they resulted in any follow-
ing conditions: death, a life-threatening AEs, a congenital anomaly/
birth defect, a persistent or significant incapacity or organ damages,
in-patient hospitalization or prolongation of existing hospitalization,
a significant medical event that require intervention. The severity
of AEs and the relationship to the intervention were determined by
investigators. Drug-related AEs were defined as AEs that investiga-
tors classified as possibly, probably, or definitely related to inves-
tigational drugs. Pre-specified AEs of special interest (AESI) were
identified using MedDRA preferred terms and selected as BP re-
duction, symptomatic intracranial hemorrhage (sICH), and abnormal
renal/liver function. BP reduction was defined as BP < 90/60 mmHg,
or a decrease in sitting BP accompanied by clinical symptoms (diz-
ziness, etc.). BP was measured at scheduled time points during the
treatment (day 1-3: 5, 10, 15, 30, 50, and 80 min before and after
injection, respectively; day 8, day 15, and the end of the treatment:
before and after injection). Abnormal renal/liver function refers to
aspartate aminotransferase/alanine aminotransferase >1.5 x upper

normal limit (UNL) or serum creatinine >1.0 x UNL. The sICH was
defined as hemorrhagic transformation accompanied by neurological
deterioration (increase in NIHSS score of at least 4).

Secondary endpoints included the functional improvement
measured with NIHSS score, activities of daily living measured with
Barthel index (BI), mRS score, and stroke recurrent rate. All patients
underwent clinical assessment at various times (as indicated in
Figure 1) throughout the study, including at baseline, on day 1, 2, 3,
8, 15, 22 or discharge, and 90-day follow-up. Examiners were trained
and certified in the use of NIHSS (range 0-42; higher score indicating
greater stroke severity), Bl (range 0-100; O = complete dependence,
100 = independence), and mRS examination (range 0-5; O = no resid-
ual symptoms, 5 = bedridden and needs constant attention). In this
study, patients who died during the study were assigned a mRS score
of 6 and a Bl score of 0. Recurrence was defined as neuroimaging-
proven AIS or TIA and assessed at all visits from the first 24 h post-
infusion to 90-day follow-up. When patients were unable to attend a
follow-up visit, scores were assessed by telephone calls.

2.5 | Statistical analysis

Sample size calculation was based on the incidence of pre-specified
AESI. Assuming a 1.2% incidence of pre-specified AESI,” we calcu-
lated that a sample size of 1822 patients was expected to ensure a
maximum 95% confidence interval width of 1% at a two-sided sig-
nificance level of 0.05. Expecting a proportion of patients lost to
follow up of 20%, the total required sample size was estimated to be
2186 patients. Due to the COVID-19 pandemic, an obvious decline
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in patient enrollment occurred, and thus, the study was prematurely
terminated after 1208 patients had been enrolled.

Safety was assessed in patients who received at least one dose
of the investigational drug. Data of AEs were summarized descrip-
tively. Efficacy analyses were based on the intention-to-treat prin-
ciple. Efficacy endpoints were analyzed, respectively, in full analysis
set (FAS) and per-protocol set (PPS). FAS was defined as patients who
received at least one dose of the investigational drug and completed
at least one clinical assessment. PPS was defined as patients who
completed the treatment and had the absence of any major protocol
violations. Standard summary statistics were calculated for all vari-
ables as appropriate to the data type. The Kolmogorov-Smirnov test
was performed for normality test. Statistical analysis was performed
using paired t-test for normally distributed continuous data and the
Wilcoxon rank test for ordinal or nonparametric data. Incidence den-
sities of AEs were calculated as the ratio of total patients who ex-
perienced AEs and total patient-years of exposure. Risk factors for
the occurrence of drug-related BP reduction were analyzed using a
stepwise logistic regression model and assessed by odds ratio (OR).
Potential confounding factors were chosen on the basis of clinical im-
portance, clinical experience, their association with stroke outcomes,
and the results of analysis of sociodemographic and other character-
istics of the sample. Statistical significance was set at p < 0.05 and
analyzed using SAS software (version 9.4; SAS Institute Inc.).

3 | RESULTS

3.1 | Baseline characteristics

A total of 1208 patients with AIS were screened from 65 centers in
China between August 2015 and September 2020. Among them,
1206 were eligible and recruited (Figure 2). Of 1206 eligible patients,

1208 patients assessed for eligibility

4 patients did not receive the HUK infusion because of consent with-
drawal (n = 2) and delayed recognition that patients were ineligible
(n = 2). 983 (81.5%) patients completed the 21-day treatment and 90-
day follow-up assessment. The reasons for not completing the treat-
ment included the withdrawal of consent (n = 13), loss to follow up
(n = 34), poor compliance (n = 30), AEs (n = 36), or other factors (such
as investigators' decision, n=106). Finally, 1199 patients were included
in FAS and 677 in PPS. Baseline characteristics of 1202 patients who
received treatment were listed in Table 1. The mean age of enrolled
patients was 61.34 + 10.67 years; of these, 68.05% were male. The
majority of patients (92.06%) were independent pre-stroke (mRS, 0-1).

3.2 | Safety analysis

3.2.1 | Treatment-emergent AEs
The overall incidence of treatment-emergent AEs was 55.99% (95%
Cl, 53.18%-58.8%) in patients who received treatment (Table 2), with
a median of 2.2 events per patient and an incidence density of 2.67
patients per 100 patient-years. Frequently reported AEs included BP
reduction (11.90%), constipation (9.73%), fever (3.58%), and elevated
transaminase (3.49%). A total of 513 (42.68%) patients experienced
unexpected AEs, such as constipation (8.49%), hyperhomocysteine-
mia (3.00%), and pulmonary infection (3.00%). Besides, 41 (3.41%) pa-
tients discontinued or withdrew because of treatment-emergent AEs.
The majority of AEs were graded as mild (79.23%), 18.00% as
moderate, and 2.77% as severe AEs. Serious AEs were reported in
2.41% (29/1202) of patients. Cerebral infarction (1.66%) and cere-
bral hemorrhage (0.42%) were the most frequently reported serious
AEs. Only stroke recurrence (1 patient) and hypotensive shock (1) in
serious severity were determined to be related to the investigational

drug but completely relieved after symptomatic treatment.

2 excluded due to

did not meet eligibility criteria

1206 patients eligible and enrolled

4 treatment not started due to
2 did not meet eligibility criteria
2 withdrew informed consent

1202 patients treated

983 patients completed 21-day

treatment and 90-day follow-up

219 discontinued treatment due to
13 withdrew informed consent
34 loss to follow-up
30 poor compliance
36 adverse events
106 other reasons

FIGURE 2 Patient flow diagram
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TABLE 1 Baseline characteristics

Characteristics

Age, years
Mean (SD)
Median (IQR)

Sex, no (%)
Male
Female

Body mass index (kg/m?)

Mean (SD)
Median (IQR)

Smoking, no (%)

Drinking, no (%)

Time from stroke onset to treatment, h
Mean (SD)

Median (IQR)

Previous stroke, no (%)

Independent pre-stroke (mRS 0-1), no (%)

NIHSS score
Mean (SD)

Median (IQR)

Bl score
Mean (SD)

Median (IQR)

Stroke subtype based on TOAST, no (%)
Atherothrombotic
Cardioembolic
Lacunar
Other/not differentiated
Unknown

Systolic blood pressure (mm Hg)
Mean (SD)

Median (IQR)

Diastolic blood pressure (mm Hg)
Mean (SD)

Median (IQR)

Concomitant disease, no (%)
Cerebral hemorrhage
Hypertension
Diabetes mellitus
Hyperlipidemia

Coronary heart disease

Patients (n = 1202)

61.34 (10.67)
62 (54-69)

818 (68.05)
384 (31.95)

24.19 (3.15)

24.01(22.15-26.03)
520 (43.30)
216 (17.99)

29.78 (13.20)
30.5(20.8-40.3)
326(27.12)
1101 (92.06)

8.32(3.35)
7(6-9)

52.45 (24.66)
55 (30-70)

808 (67.33)
9(0.75)
317 (26.42)
12 (1.00)
54 (4.50)
147.74 (20.45)
148 (132.5-161)

84.95(12.93)
85 (76~94)

2(0.17)
797 (66.31)
367 (30.53)
179 (14.89)
163 (11.20)

Note: Data were expressed as mean (SD), median (interquartile range),

or number (%).

Abbreviations: Bl, Barthel index; h, hour; IQR, interquartile range; mRS,
modified Rankin scale; NIHSS, National Institute of Health Stroke Scale;
SD, standard deviation; TOAST, Trial of ORG 10172 in Acute Stroke

Treatment.

AEs suspected to be drug-related based on investigator assess-

ment were recorded in 15.47% of 1202 patients, among which se-

rious AEs were reported by 7 (0.58%) patients, unexpected AEs 58

(4.83%) patients, and AEs leading to withdrawal 19 (1.58%) patients.
The most common drug-related AEs were BP reduction (8.32%), fol-
lowed by abnormal liver function (3.99%).

During the 21-day treatment period and 90-day follow-up as-
sessment, 5 (0.42%) deaths occurred. No death was thought to be
related to study medication as determined by investigators. The
adjudicated causes of death were cerebral infarction progression
(1), aortic dissection (1), respiratory failure (1), and primary broncho-
genic carcinoma (1). One death occurred outside the hospital due to
an unknown cause, and the cause of death was judged as AEs by the
investigator. No notable changes were observed in other vital signs,
laboratory measurements, and electrocardiography.

3.2.2 | Pre-specified AESI

The pre-specified AESI were summarized in Table 2. A total of 323
pre-specified AESI were reported in 261 (21.71%; 95% Cl, 19.38%-
24.04%) patients, with a median of 1.24 events per patient and
an incidence density of 0.58 patients per 100 patient-years. Of
pre-specified AESI, BP reduction (11.90%) was most commonly
reported. 120 events in 100 patients were considered to be pos-
sibly related to investigational drug, but the majority were transient
diastolic BP reduction. Notably, of these patients, only one patient
experienced severe BP reduction but resolved the same day. The
majority (136/143, 95.10%) of BP reduction was mild and expected.
Abnormal renal/liver function was reported in 10.48% of patients,
including 83 mild cases, 42 moderate, and 1 severe, and the events
in 63.5% of these patients were determined to be unrelated to study
therapy. Eight sICH events were reported in eight (0.67%) patients.
Among them, five events were severe in severity but no event was
fatal.

13 pre-specified AESI events resulted in withdrawal, and 12 were
considered to be possibly drug-related. Six serious pre-specified
AESI were reported in six (0.50%) patients, among which four were
determined to be possibly related to investigational drug, including
cerebral hemorrhage (2), hemorrhagic infarct (1), and hypotensive
shock (1). The hypotensive shock occurred due to the relatively fast

infusion rate (<50 min).

3.2.3 | Risk factors for drug-related BP reduction
(pre-specified AESI)

Multiple regression analysis showed that the older age (OR = 2.173;
95% Cl, 1.458-3.240; p < 0.001) and longer treatment time
(OR =0.336; 95% Cl, 0.151-0.746; p = 0.007) were associated with a
higher risk for drug-related BP reduction, after adjustment for smok-
ing, drinking, diabetes, hyperlipidemia, previous cerebral infarction,
time from stroke onset to HUK treatment, baseline NIHSS, baseline
mRS, and the previous use of anticoagulant or antiplatelet agents
(Figure 3). Conversely, hypertension (OR = 2.247; 95% Cl, 1.504-
3.356; p < 0.001) was related to a lower risk for this event (Figure 3).
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Number of
events
Any AEs 1483
Serious AEs 88
Unexpected AEs? 985
Any AEs leading to withdrawal 52
Most frequent AEs (23% incidence)b
Blood pressure reduction® 183
Constipation 120
Elevated transaminase 42
Hyperhomocysteinemia 37
Pulmonary infection 39
Fever 45
Drug-related AEs? 240
Serious drug-related AEs 7
Unexpected drug-related AEs 67
Drug-related AEs leading to withdrawal 27
All pre-specified AESI 323
Blood pressure reduction® 183
Abnormal renal/liver function 132
sICH 8
Serious AESI 6
AESI leading to withdrawal 13
Drug-related AESI 176
Drug-related blood pressure reduction 120
Drug-related abnormal renal/liver function 49
Drug-related sICH
Serious drug-related AESI 4
Drug-related AESI leading to withdrawal 12

Note: Data were expressed as number (%).

TABLE 2 Adverse events by MedDRA

Number of patient
ATy e preferred term

(n=1202), n (%)
673 (55.99)

29 (2.41)

513 (42.68)

41 (3.41)

143 (11.90)
117(9.73)
42 (3.49)
37(3.08)
39(3.24)
43(3.58)
186 (15.47)
7(0.58)

58 (4.83)
19 (1.58)
261(21.71)
143 (11.90)
126 (10.48)
8(0.67)
6(0.50)
13(1.08)
148 (12.31)
100 (8.32)
49 (4.08)
7(0.58)
4(0.33)
12(0.33)

Abbreviations: AEs, adverse events; AESI, adverse events of special interest; MedDRA, Medical
Dictionary for Regulatory Activities; sICH, symptomatic intracranial hemorrhage.

2Unexpected AEs are defined as those involving “any adverse drug experience that is not listed in

the current labeling for the drug product.”
PThe events included are the most frequent AEs at an incidence of 23%.

‘Blood pressure reduction is both the most frequent AE and the pre-specified AESI.

9Drug-related AEs were defined as those with a probable, possible or definite causality.

Besides, the combination of traditional Chinese medicine (OR = 1.591;
95% Cl, 1.019-2.486; p = 0.041) or other drugs that improve cerebral
circulation (OR = 0.597; 95% Cl, 0.401-0.889; p = 0.011) were also
identified to be independently associated with the occurrence of drug-
related BP reduction (Figure 3). However, the association between in-

fusion rate and this event was not identified (p > 0.05).

3.3 | Efficacy

There was a shift in the distribution of mRS scores in favor of HUK
infusion (Figure 4). At the 90-day assessment, favorable neurologi-
cal outcome (mRS, 0-2) was seen in 74.4% of patients in the FAS

population, while only 26.2% at baseline (p < 0.001; Figure 4A).
The results of a sensitivity analysis using the PPS population sup-
ported the primary analysis (90-day vs. baseline: 74.0% vs. 23.4%;
p < 0.001; Figure 4B). In addition, the NIHSS scores demonstrated
the favorable neurological outcomes from baseline (8.32 + 3.52
[FAS]; 8.36 + 3.02 [PPS]) to 22-day assessment (4.05 + 3.58
[FAS]; 3.85 + 3.29 [PPS]), with improvement by at least 1 point
(4.15 + 2.66, p < 0.001 [FAS]; 4.31 + 2.43, p < 0.001 [PPS]). With
regard to the Bl score, patients showed an improvement in activi-
ties of daily living as indicated by an increase in points from baseline
(52.45 + 24.66 [FAS]; 51.62 + 23.49 [PPS]) to 90-day assessment
(84.26 + 21.2 [FAS]; 84.64 + 20.96 [PPS]), with statistically signif-
icant differences (both p < 0.001). The changes in NIHSS and BI
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(A) Univariate analysis
Variables Odds ratio (95% CI) p value
Age (<65 vs. 265 years) —_— 1.807 (1.252,2.608) 0.002
Baseline mRS (3-6 vs. 0-2) —— 0.966 (0.636,1.469) 0.872
Baseline NIHSS (<10 vs. >210) - 1.325 (0.890,1.972) 0.165
Treatment time (=14 vs. <14 days) e 0.499 (0.263,0.945) 0.033
Infusion time (>50 vs. <50 min) 1.282 (0.620,2.651) 0.502
TOAST classification (Lacunar vs. atherothrombotic) — 0.855 (0.566,1.290) 0.455
Time from stroke onset to treatment (>24 vs. <24 hr) —a—— 0.927 (0.625,1.376) 0.708
First onset (Yes vs. No)* —a 0.966 (0.641,1.456) 0.869
History
Smoking (Yes vs. No) — 0.960 (0.665,1.387) 0.829
Drinking (Yes vs. No) —e— 0.853 (0.540,1.349) 0.497
Hypertension (Yes vs. No) — 2.039 (1.410,2.948) <0.001
Cerebral infarction (Yes vs. No)Jr —— 1.045 (0.690,1.581) 0.836
Diabetes (Yes vs. No) —1T— 1.152 (0.768,1.729) 0.493
Hyperlipidaemia (Yes vs. No) = 2.107 (1.113,3.991) 0.022
Combined drugs
Butyphthalide (Yes vs. No) —— 0.721 (0.499,1.043) 0.083
Other drugs that improve cerebral circulation (Yes vs. No) ~ —%—] 0.687 (0.476,0.991) 0.044
Traditional Chinese medicine (Yes vs. No) e 1.219 (0.800,1.858) 0.356
Edaravone (Yes vs. No) —_—— 1.049 (0.708,1.553) 0.811
Antiplatelet drugs (Yes vs. No) — 0.848 (0.381,1.888) 0.686
Specific drugs for infarction (Yes vs. No) . 1.349 (0.841,2.165) 0.215
Anticoagulants (Yes vs. No) —_—T— 1.124 (0.614,2.055) 0.705
Defibrase (Yes vs. No) —— 0.804 (0.488,1.324) 0.390
Volume expanders (Yes vs. No) —_— 1.081 (0.639,1.828) 0.772
Vasodilators (Yes vs. No) —— 0.613 (0.313,1.201) 0.154
Neuroprotective agents (Yes vs. No) —— 0.880 (0.521,1.487) 0.632
T T T 1
0 1 2 3 4
(8) Multivariate analysis
Variables Odds ratio (95% CI) p value
Age (<65 vs. 265 years) S S 2.173 (1.458,3.240) <0.001
Treatment time (=14 vs. <14 days) - 0.336 (0.151,0.746) 0.007
Hypertension (Yes vs. No) _— 2.247 (1.504,3.356) <0.001
Butyphthalide (Yes vs. No) —— 0.683 (0.457,1.021) 0.063
Other drugs that improve cerebral circulation (Yes vs. No) ~ —#%— 0.597 (0.401,0.889) 0.011
Traditional Chinese medicine (Yes vs. No) : _.I— : | 1.591 (1.019,2.486) 0.041
0 1 2 3 4

FIGURE 3 Forest plot of the logistic regression analysis. (A) Univariate analysis; (B) Multivariate analysis. * The “first onset” included
the patients who were admitted to hospital admission for a first-onset ischemic stroke but had no previous history of cerebral infarction.
tCerebral infarction refers to the previous history of disease, including patients who had a cerebral infarction previously

scores were shown in Figure S1. Besides, imaging examination dur-
ing the 90-day assessment identified 30 recurrent strokes, result-
ing in a cumulative recurrence rate of 2.50% in the FAS population
(Figure S2A). Similar results were observed in the PPS population,
with a cumulative stroke recurrence rate of 2.51% (Figure S2B).
Overall, the data of efficacy endpoints between FAS and PPS were
generally identical, confirming robustness of the data.

4 | DISCUSSION

This multicenter, phase IV RESK study has provided the first detailed
analysis of safety with HUK, as well as additional data on its effi-
cacy in the large population with AIS. The study reported the fa-
vorable and acceptable safety profile for HUK, with a low incidence
of serious AEs and no clinically significant risk. We also confirmed
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FIGURE 4 Distribution of mRS score
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No symptoms g P Serious
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its clinical efficacy in a large population, presenting with significant
neurological and functional improvements in patients with AIS.
More importantly, we identified several risk factors for the occur-
rence of drug-related BP reduction, providing high-level evidence
for its safety in clinical application.

In this study, the overall incidence of AEs was 55.99%; however,
serious AEs only occurred in 29 (2.41%) patients, indicating a fa-
vorable safety profile for HUK. Theoretically, the incidence of AEs
was relatively higher when compared with the previous trial with an
estimate of 12.4%.%® Actually, our study was conducted in a real-
world setting without strict restriction on eligibility criteria (such as
concomitant therapy, weight, and height), and thus, differences in
the patient background may be responsible for the high incidence of
AEs. Besides, in our study, any abnormal laboratory measurements
or uncomfortableness reported by patients, neither with clinical sig-
nificance or not, were recorded as AEs to make the safety assessed
fully, which might be another cause of its high incidence. Notably,
the incidence of serious AEs (2.41%) was similar to those in previous
studies (1.2%).15%8 In contrast, 43% of patients in the ReMEDYy trial
experienced serious AEs after a recombinant HUK (DM199) ther-
apy.' Besides, here, study withdrawals (3.41%) or death (1 patient)
due to AEs were infrequent, with only a few occurrences. Reported
AEs were generally mild, tolerable, and controllable, which resolved
soon with symptomatic treatment, suggesting the acceptable toler-
ability profile of HUK. In fact, the safety profile observed here was
consistent with that expected from patients receiving HUK, as re-
ported in other studies.*®2° Similar to those studies, BP reduction
and fever were the most common AEs after HUK infusion. Thus,

these events, especially BP reduction, should be alert and focused
on in clinical practice. However, a small number (15.47%) of patients
experienced drug-related AEs, and among them, only 2.82% (inci-
dence of 1.58%) were definitely drug-related, which was similar to
the results of DM199.2! Unexpectedly, the study reported 3 unex-
pected events with high frequency. However, no severe unexpected
AEs occurred. Generally, HUK has an acceptable safety and tolera-
bility profile from a safety perspective.

The occurrence of pre-specified AESI was not frequent, except
BP reduction. Among them, the incidence of sICH (0.67%) after
HUK infusion was comparably lower than that after other therapies,

)*2 and mechanical thrombectomy (1.5%).%

such as alteplase (5.8%
Although five sICH events were severe in severity, no event was
fatal. BP reduction caused by HUK infusion is regarded as an import-
ant concern regarding the safety of HUK. Although the incidence of
BP reduction reported here appeared to be relatively higher than
those (1.5%-5.1%) in previous studies,’® only seven events were
considered to be definitely drug-related. Moreover, the majority
were transient diastolic BP reduction, mild to moderate, clinically
manageable, and disappeared in a short time. The drug-related BP
reduction occurred at manageable rates, although one of 1202 pa-
tients experienced a moderate hypotensive shock. On the one hand,
the study had no restriction on the lower limit of the decrease in
BP; as long as patients experienced clinical symptoms (dizziness,
etc.) accompanied with a slight decrease in sitting BP, they were
identified as AEs. Thus, the strict definition of BP reduction used
here may explain part of its high incidence. As is well known, one
principle of research is to minimize security risks in patients. Thus,
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from a security standpoint, the BP reduction was defined strictly
in the present study. Actually, despite a proportion of patients who
experienced BP reduction events, most patients did not achieve clin-
ically meaningful reduction. On the other hand, the high incidence
of BP reduction may be explained by a high proportion of elderly
patients enrolled in our study, who are known to be at higher risk of
hypotension and more sensitive to consequences of excessively low
BP.2* This opinion was supported by logistic regression analysis, that
patients aged above 65 years had a 2.173 times higher risk of drug-
related BP reduction. These data reminded us to individualize the
treatment and management in this population. Additionally, treat-
ment time of more than 14 days was the risk factor for drug-related
BP reduction, which may be related to the long-time drug exposure.
These data supported the idea that personalized treatment time op-
tions of HUK are of benefit to reduce the risk of BP reduction. In
addition, the use of traditional Chinese medicine and other drugs
that improve cerebral circulation in the base of HUK were identified
to be associated with drug-related BP reduction. Actually, the out-
standing advantage of Chinese herbal formulas in antihypertensive
effects has been widely accepted,?® which supported our finding.
Conversely, the use of other drugs that improve cerebral circulation
increased the additional drug exposure, leading to the increased risk
of blood pressure reduction. However, given that the complexity
and diversity of combination regimens, further verification is needed
to determine how they influence BP reduction.

Interestingly, we found that hypertension patients had a lower
risk for BP reduction. We speculated that the previous use of anti-
hypertensive drugs in these patients may improve the endothelial
function and self-regulation of blood vessels,?® and hence, they are
not sensitive to the effects of drugs that may cause BP reduction.
Thus, the combination of antihypertensive therapy on the base of
HUK may be unessential for AIS patients, even though hyperten-
sion patients. This finding was consistent with the recommendation
in the Guidelines for the diagnosis and treatment of AIS in China.”’
However, one patient experienced hypotensive shock due to the fast
infusion rate, indicating a potential association between fast infu-
sion rate and BP reduction. However, multivariate analysis did not
highlight this association. In fact, only ten patients (0.8%) received
HUK infusion within 50 min, and thus, the imbalance between the
two subgroups may result in statistically non-significant results.
Nevertheless, the result cannot explain the clinical picture at pres-
ent; accordingly, this association remains to be verified in further
investigations. Thus, these factors, including age, treatment time,
underlying hypertension, drugs combination, and infusion time,
should be considered in the clinical application of HUK to minimize
the risk of BP reduction. Overall, our study highlighted the potential
factors associated with drug-related BP reduction, providing recom-
mendations to avoid the occurrence and consequences of BP reduc-
tion, especially for elderly patients.

In the light of efficacy analysis, results from our study are also
encouraging, when compared with previous studies in AIS.® Here,
all secondary endpoints exhibited trends toward significant im-
provements, including the reduction in mean NIHSS and mRS scores

as well as the increase in Bl index, providing additional data on its
efficacy in a large population. Besides, the favorable neurological
outcome on MRS was seen in 74.4% of patients after HUK infusion,
which was comparable with results of studies on other therapies,
such as the MRCLEAN trial for intraarterial treatment (32.6%)° and
TTT-AIS study for alteplase (53.4%).28 Additionally, it is well recog-
nized that recurrent stroke (estimate range 2%-25%) is associated
with increased disability and mortality.?? We herein evaluated the
stroke recurrent rate. As result, the 90-day cumulative incidence of
recurrence was only 2.5% after HUK infusion, which was compared
to 2.2% in the ReMEDy trial.'’ Nevertheless, previous studies re-
ported the stroke recurrence rate of 4.2%-7.4% in other cohorts.3%%?
In general, stroke recurrence events were un-frequent in our study.
Similar to our results, several meta-analyses also demonstrated the
effects of HUK, including decreasing stroke recurrence risk and
marked neurological improvement.20 Regrettably, we cannot ex-
clude the influence of the combined drugs or other factors on HUK
efficacy because of the single-arm study design. Therefore, we an-
alyzed the effects of the usage of combined drugs on HUK efficacy
using the subgroup analysis and logistic regression (Tables S1-S3).
The results showed that the usage of other drugs (eg, other drugs
that improve cerebral circulation and defibrase) is associated with
the functional independence (mRS, 0-2), indicating that the com-
bined drugs might not only affect the occurrence of AEs but also
affect the clinical efficacy. However, most combined drugs were not
identified to be associated with functional independence. The find-
ing reinforces the necessity for the clinical consideration of these
factors. Anyway, our findings serve to emphasize the clinical effi-
cacy of HUK in the AIS treatment.

Our study still had some limitations. First, the sample size did not
reach the intended target, which may have impacted the strength
of the results. Actually, the hospitalization time for AIS patients was
recommended within 7-14 days since 2016 according to the clinical
practice. Thus, the majority of AIS patients were ineligible for our
study that required 21-day infusion, leading to slow enrollment. In
addition, the slow enrollment of patients was aggravated due to the
COVID-19 pandemic, and thus, the study was prematurely termi-
nated after 1208 patients had been enrolled. Although the study has
a smaller sample size than planned, it is still deemed to be sufficient
for the primary endpoint because the incidence of BP reduction has
provided the statistical power of 85% in the interim analysis. Second,
the uncontrolled, single-arm, non-randomized design is another po-
tential criticism for our trial, which might not present the additional
clinical benefits of HUK by comparing it to controls. However, from
a design point of view, this design is more appropriate for the safety
evaluation in a large population, and thus, our intent was to expose
the maximum number of patients to treatment, so that safety (espe-
cially AESI events) could be assessed fully. Third, the patients were
only recruited from the Chinese population, potentially limiting the
generalizability of findings to the broader population. Finally, the ce-
rebral blood flow of treated patients was not evaluated in the pres-
ent study, which might not fully explained effects of HUK on the
collateral circulation improvement. Although the function of HUK
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on cerebral blood perfusion has been previously demonstrated in
the pre-clinical study,'? its effects in patients remain unclear. Thus,
due to the introduction of non-invasive cerebral blood flow mea-
surement in recent years, such as transcranial Doppler ultrasound

and near-infrared spectroscopy,®%32

cerebral blood flow changes
evaluation deserves further attention, and it would be the focus of

future studies.

5 | CONCLUSIONS

This phase IV study demonstrated that the intravenous HUK infu-
sion in AIS patients had a favorable safety profile, with no serious
safety concerns. The majority of AEs were unrelated to the study
drug and had no clinical significance, further supporting the accept-
able tolerability profile for HUK. Furthermore, we identified several
risk factors for the BP reduction in special interest, providing guid-
ance for the clinical application of HUK infusion in clinical practice.
Additionally, improvements in functional outcomes were observed in

patients, further confirming its clinical efficacy in a large population.
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