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Abstract
Background Ischemic stroke is a major cause of disability and death worldwide. A narrow therapeutic window profoundly 
constrained the utilization of alteplase.
Objectives To investigate therapeutic effects and safety of intravenous recombinant human prourokinase (rhPro-UK) in 
patients with acute ischemic stroke (AIS) in the 4.5–6 h therapeutic time windows.
Methods We conducted a phase IIa, randomized, and open-label multicenter clinical trial. Between 4.5 and 6 h after the 
onset of AIS, patients were randomly administrated to receive intravenous rhPro-UK at a 50 mg or 35 mg dose. The primary 
endpoint was excellent functional outcome defined as modified Rankin scale (mRS) score of 1 or less at 90 days. The sec-
ondary outcome was the treatment response, which was based on an at least 4-point improvement from baseline National 
Institutes of Health stroke scale (NIHSS) score at 24 h after drug administration. Safety endpoints included death, sympto-
matic intracerebral hemorrhage (sICH), and other serious adverse events.
Results We enrolled 80 patients in the 4.5–6 h therapeutic time windows at 17 medical centers in China from December 
2016 to November 2017. A total of 39 patients were treated with 50 mg rhPro-UK, and 39 were treated with 35 mg rhPro-
UK. Compared with the baseline, the NIHSS score at 24 h and days 7, 14, 30, and 90 was decreased significantly among 
patients treated with either rhPro-UK 50 mg or 35 mg. The mean reduction in the NIHSS from baseline to 90 days after the 
onset was 3.56 and 5.79 in the rhPro-UK 50 mg group and the rhPro-UK 35 mg group, respectively. The rates of functional 
independence at 90 days of rhPro-UK 50 mg and 35 mg were 61.54% and 69.23%, respectively (P = 0.475), and the propor-
tion of patients with functional response to treatment at 24 h were 28.21% and 33.33% (P = 0.624). No sICH occurred in 
the two groups, and death occurred in only one patient in the rhPro-UK 50 mg group. There was no significant difference in 
mortality at 90 days and the rate of other serious adverse events between two groups.
Conclusion In the 4.5–6 h time window, more than 60% of patients at either dose of rhPro-UK (50 mg or 35 mg) achieved 
functional independence at 90 days without increased mortality and sICH risk. Thus, intravenous rhPro-UK was effective 
and safe for patients with AIS within 4.5–6 h after stroke onset. While no significant differences were identified between 
different dosages of rhPro-UK regarding clinical outcomes, it is a logical step to further test the safety and efficacy of the 
low dose of rhPro-UK in a well-powered phase III study.
Trial Registration http:// www. chictr. org. cn. Identifier: ChiCTR1800016519. Date of registration: 6 June 2018.

1 Introduction

Ischemic stroke is a major cause of disability and death 
worldwide. Intravenous (IV) recombination tissue 

plasminogen activator (rt-PA) is the standard care for acute 
ischemic stroke (AIS) within 4.5 h from symptom onset [1]. 
However, a narrow therapeutic window and hemorrhagic 
complications have profoundly constrained the utilization 
of rt-PA. With an increasing awareness of the importance of 
acute stroke care, endovascular treatment (EVT) has been 
a significant advancement for management of patients with 
stroke related to large vessel occlusions [2]. However, the 
required infrastructure and human expertise again limited 
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Key Points 

In this phase II, multicenter, open-label trial, the safety 
and efficacy of two different doses of recombinant pro 
urokinase (rhPro-UK) in acute ischemic stroke patients 
within 4.5–6h from onset were evaluated.

Conclusions related to efficacy were limited because 
of the study design, but no significant differences were 
identified between different dosages of rhPro-UK (50 mg 
and 35 mg) regarding clinical outcomes in the 4.5–6 h 
time window.

EVT to a small amount of stroke patients [3]. Accordingly, 
there is an urgent need for effective thrombolytic drug 
treatment.

Recombinant human prourokinase (rhPro-UK), one of the 
novel thrombolytics, preferentially activates plasminogen on 
the fibrin surface and induces fibrin-selective clot lysis. With 
the advantages of a greater efficacy and less adverse reac-
tions than other thrombolytics, thrombolytic therapy with 
rhPro-UK has showed a promising curative effect and good 
safety profile in acute myocardial infarction (AMI) patients 
[4], which has been approved by National Medical Prod-
ucts Administration (NMPA) for AMI. The Prolyse in Acute 
Cerebral Thromboembolism (PROACT) trial showed that 
intra-arterial (IA) local recombinant pro-urokinase infusion 
within 6 h of onset was superior to control drug treatment 
in recanalization in AIS patients with middle cerebral artery 
(MCA) occlusions [5].

In our previous study, compared with rt-PA, both the low 
(35 mg) and high (50 mg) dose of IV rhPro-UK appeared to 
be safe with possible efficacy in AIS patients within 4.5 h of 
symptoms onset [6]. However, proof of benefits and safety 
of IV rhPro-UK treatment for AIS patients in the 4.5–6 h 
window remains lacking. The aims of this study were to 
investigate the efficacy and safety of IV rhPro-UK treatment 
in Chinese patients with AIS at 4.5–6 h therapeutic time 
windows after the onset of symptoms.

2  Methods

2.1  Study Design and Participants

We conducted this phase IIa, randomized, open-label mul-
ticenter clinical trial including 17 study sites in China. The 
clinical trial was accepted by NMPA (No. 2016L05323) 
and was approved by the institutional review boards of 

the participating centers. Xuanwu Hospital, Capital Medi-
cal University had the primary responsibility for leading 
the study. The study was conducted in accordance with 
the principles of the Declaration of Helsinki. The written 
consent was obtained from all patients prior to their enroll-
ment. The trial is registered with chictr.org.cn, number 
ChiCTR1800016519.

2.2  Study Participants

Patients eligible for the trial were aged 18–80 years old with 
a diagnosis of AIS with neurological deficits on the National 
Institutes of Health Stroke Scale (NIHSS) scores of 4–25 
points, who received treatment within 4.5–6 h after symp-
tom onset. A cerebral computed tomographic (CT) scan was 
required before randomization to exclude patients who had 
an intracranial hemorrhage (ICH) or major ischemic infarc-
tion. Patients with contraindications for stroke thrombolysis 
were not eligible for the study. Exclusion criteria included 
transient ischemic attack (TIA), a stroke or myocardial 
infarction episode within the previous 3 months, history of 
ICH, active visceral hemorrhage or high hemorrhagic risk, 
taking anticoagulants, severe uncontrolled hypertension, and 
blood glucose less than 2.7 mmol/L or over 22.2 mmol/L, 
etc. Detailed clinical, CT, and laboratory inclusion and 
exclusion criteria are described in Supplementary Table 1.

2.3  Randomization and Masking

Eligible patients within 4.5–6 h after onset were randomly 
administrated in a 1:1 ratio to receive IV rhPro-UK at 50 mg 
(group A) or rhPro-UK at 35 mg (group B). A central rand-
omization system was used for all participating centers, and 
the randomization was carried out online, in a centralized 
way, with filling out the electronic case report form. Ran-
domization was performed by the neurologist who visited 
the patient. This was an open-label trial and did not involve 
masking of treatment or outcomes.

2.4  Study Procedures

rhPro-UK (batch no. 20160701) was obtained from Tasly 
Biopharmaceuticals Co., Ltd. (Shanghai, China). For 
rhPro-UK 50 mg group, patients were administered a bolus 
of 20 mg within 3 min followed by a 30-min infusion. For 
rhPro-UK 35 mg group, a bolus of 15 mg was administered 
within 3 min followed by a 30-min infusion. No antiplate-
let agents were permitted within 24 h after administration 
of the investigational drug, and no anticoagulants were 
permitted at any time in this study. All other treatments 
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were guided by the standard of care of thrombolysis in 
AIS. The assessment schedule was summarized in Sup-
plementary Table 2.

Assessments were made at the time of enrollment, at 2, 
6 and 24 h after drug administration, and on days 7, 14, 30, 
and 90 after drug treatment. In addition, clinical condition 
of patients (e.g., blood pressure, oxygenation, and heart 
rate) was closely monitored for the first 24 h after treat-
ment. Initial assessments included a physical examination, 
CT, and the quantification of any neurologic deficit with 
the use of the NIHSS and the level of global disability 
with the application of the modified Rankin scale (mRS). 
During the follow-up period, patients were assessed with 
the NIHSS and mRS on days 7, 14, 30, and 90.

CT was performed before treatment and at 24 h after 
treatment. Additional CT studies were performed at the 
discretion of the investigators. The investigators reas-
sessed safety data on intercurrent events and adjudicated 
whether each death or score change indicating neurologic 
deterioration was likely due to ICH, other brain injury and 
disease, or neither of these causes.

2.5  Outcomes Assessment

The primary efficacy endpoint was the degree of disability 
at day 90 (3-month visit), as assessed by the mRS score, 
dichotomized as a favorable outcome (score of 0 or 1) or 
an unfavorable outcome (score of 2–6). The secondary 
efficacy endpoint was the early neurologic improvement 
(defined as a reduction of at least 4-point on the NIHSS 
score at 24 h), the NIHSS scores measured at different 
assessment time points, and the recurrence of AIS within 
7 days after the treatment.

Safety endpoints included overall mortality at day 90; 
symptomatic intracranial hemorrhage (sICH), which was 
defined as subarachnoid hemorrhage associated with clini-
cal symptoms and symptomatic intracerebral hemorrhage 
adjudicated as parenchymal hematoma type 2 within 36 h 
after treatment, combined with a deterioration of at least 4 
points from baseline in the NIHSS score [7]; and any intrac-
ranial hemorrhage, and other serious adverse events (SAE).

2.6  Statistical Analysis

Efficacy endpoints were assessed in the intention-to-treat 
population, which included all treated patients, whether or 
not they completed the whole study. Missing data on mRS 
score or NIHSS score were replaced with the Last Observa-
tion Carried Forward principle. The frequency and propor-
tion of each mRS value was calculated, and the method of 
χ2 test was used for categorical variables (the proportion of 
subjects with 0–1 score and > 1 score) to test differences 

between groups, and Fisher’s exact test was used in the case 
of small sample size. For NIHSS score, descriptive methods 
were used to characterize the measured value and the value 
changed from baseline. T test was used to compare the value 
of NIHSS at each visit point. The analysis of covariance 
(ANCOVA) model with baseline as covariant and treatment 
as fix effect was used to compare the NIHSS score changed 
from baseline between the groups.

3  Results

From December 2016 to November 2017, we enrolled 80 
patients in the 4.5–6 h therapeutic time windows at 17 cent-
ers in China. Two patients were excluded owing to with-
drawal by the enrolling physician before treatment because 
of an error in assessing patient eligibility. A total of 39 
patients were assigned to receive 50 mg of rhPro-UK and 
39 were assigned to receive 35 mg of rhPro-UK (Fig. 1). 
The baseline demographic and clinical characteristics of the 
patients are listed in Table 1. The rhPro-UK 50 mg group 
had a lower frequency of heart disease as compared with the 
rhPro-UK 35 mg group (10.26% versus 33.33%, P = 0.014). 
The summary of prior “heart diseases” was presented in 
Supplementary Table 3. Besides the history of “heart dis-
ease”, there were no significant differences between groups 
at baseline.

For the primary endpoint, the rates of functional inde-
pendence at 3 months of rhPro-UK 50 mg- and 35 mg-
treated patients were 61.54% and 69.23%, respectively (P 
= 0.475, Table 2). The overall distribution of scores on the 
mRS was shown in Fig. 2.

Compared with the baseline, the NIHSS score at 24 
h and days 7, 14, 30, and 90 was decreased significantly 
among patients treated with either rhPro-UK 50 mg or 35 
mg (Table 2, Fig. 3). The mean reduction in the NIHSS from 
baseline to 90 days after the onset was 3.56 and 5.79 in the 
rhPro-UK 50 mg group and the rhPro-UK 35 mg group, 
respectively. By 90 days, 66.67% of the patients in the 
rhPro-UK 50 mg group and 82.05% of those in the rhPro-
UK 35 mg group had achieved a mRS score of 0–2 (P = 
0.120). A total of 11 patients (28.21%) in the rhPro-UK 50 
mg group and 13 patients (33.33%) in the rhPro-UK 35 mg 
group achieved major neurological improvement at 24 h. 
No ischemic stroke relapsed within 7 days among patients 
in both groups. The rate of early neurologic improvement at 
24 h and the recurrence of AIS within 7 days did not differ 
significantly with either rhPro-UK dose. The reduction of 
NIHSS score at days 7, 14, 30, and 90 from baseline in the 
rhPro-UK 35 mg group was more than that in the rhPro-UK 
50 mg group (Table 2, Fig. 3).

For the safety outcome, no sICH occurred, and death due 
to any cause occurred in only one patient in the rhPro-UK 
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50mg group. A list of adverse events, including causes of 
death, and serious adverse events are provided in Table 2.

After adjustment for the baseline variables of status with 
respect to age, hypertension, diabetes, hyperlipidemia, prior 
heart disease, and prior stroke, the original statistical conclu-
sions are not changed (Table 3).

4  Discussion

Our trial showed no significant difference between differ-
ent dosages of rhPro-UK regarding clinical outcomes in the 
4.5–6 h therapeutic time window. Without an increase in 
SAEs and sICH risk, the proportion of patients with slight 

or no neurological disability at 90 days exceeded 60% with 
rhPro-UK treatment at either dose. Thus, IV rhPro-UK was 
effective and safe for AIS patients within 4.5–6 h after stroke 
onset.

To date, rapid administration of rt-PA to well-selected 
patients remains the only pharmacotherapy approved by 
the Food and Drug Administration for early treatment of 
AIS [8]. However, only about 5–20% of patients received 
rt-PA treatment in clinical settings [9]. Hacke et al. [10] 
demonstrated that the proportion of patients with full 
recovery decreased with increased time gap between stroke 
onset and treatment initiation. Beyond 4.5 h, there was 
increased mortality with no significant clinical benefit.

Fig. 1  Flow diagram of study 
participants

Table 1  Baseline characteristics of participants

4.5–6 h therapeutic time windows P

Group A
rhPro-UK 50 mg (n = 39)

Group B
rhPro-UK 35 mg (n = 39)

Men (%) 29 (74.36) 26 (66.67) 0.456
Age (years) [mean (SD)] 59.49 (9.91) 60.90 (9.67) 0.527
Systolic pressure (mm Hg) [mean (SD)] 151.00 (17.82) 146.82 (21.45) 0.352
Diastolic pressure (mm Hg) [mean (SD)] 85.26 (11.44) 85.79 (10.94) 0.832
Hypertension (%) 23 (58.97) 25 (64.10) 0.642
Diabetes mellitus (%) 12 (30.77) 10 (25.64) 0.620
Hyperlipidemia (%) 12 (30.77) 17 (43.59) 0.209
Heart disease (%) 4 (10.26) 13 (33.33) 0.014
Previous stroke > 3 months before (%) 10 (25.64) 5 (12.82) 0.151
Smoking (%) 18 (46.15) 20 (51.28) 0.651
Drinking (%) 3 (7.69) 3 (7.69) > 0.999
NIHSS score [mean (SD)] 7.62 (4.02) 7.44 (4.11) 0.293
Median time from stroke onset to initiation of intrave-

nous thrombolysis (hours) [mean (SD)]
5.21 (0.49) 5.16 (0.46) 0.615
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In the third international stroke trial (IST-3) [11], AIS 
patients treated within 6 h of onset were enrolled, and 37% 
of patients in the rt-PA group versus 35% in the control 
group were alive and independent at 6 months. Based on 

Virtual International Stroke Trials Archive (VISTA) dataset, 
Fulton et al. [12] found that usage of simple clinical vari-
ables and plain CT alone failed to identify a population in 
whom the alteplase effect would be safe and effective with 

Table 2  Endpoints for patients in the 4.5–6h time window

CI confidence interval

Endpoint Group A rhPro-
UK 50 mg (n = 
39)

Group B rhPro-
UK 35 mg (n 
= 39)

P rhPro-UK 50 mg versus 
rhPro-UK 35 mg (95% 
CI)

Primary outcome
 mRS score of 0 or 1, no. (%) 24 (61.54) 27 (69.23) 0.475 − 7.69 (− 28.74, 13.35)

Secondary outcomes
 The incidence of early neurologic improvement at 24 h, no. (%) 11 (28.21) 13 (33.33) 0.624 − 5.13 (− 25.58, 15.33)
 mRS score of 0 or 2, no. (%) 26 (66.67) 32 (82.05) 0.120 − 15.38 (− 34.46, 3.69)

NIHSS scores measured at different assessment time points
 NIHSS score at 24 h (mean ± SD) 6.46 (5.57) 4.67 (3.27) 0.087 1.79 (− 0.27, 3.86)
 NIHSS score at 7 days (mean ± SD) 5.56 (5.78) 3.56 (2.91) 0.057 2.00 (− 0.06, 4.06)
 NIHSS score at 14 days (mean ± SD) 5.21 (5.94) 2.77 (2.69) 0.022 2.44 (0.36, 4.52)
 NIHSS score at 30 days (mean ± SD) 4.59 (5.99) 2.10 (2.36) 0.018 2.49 (0.44, 4.54)

NIHSS score at 90 days (mean ± SD) 4.05 (5.90) 1.64 (2.30) 0.020 2.41 (0.39, 4.43)
The change from baseline in the NIHSS score at different assessment time points
 The change of the NIHSS score from baseline to 24 h (mean ± SD) − 1.15 (4.23) − 2.77 (4.36) 0.063 1.69 (−0.09, 3.48)
 The change of the NIHSS score from baseline to 7 days (mean ± 

SD)
− 2.05 (4.77) − 3.87 (4.21) 0.043 1.91 (0.07, 3.75)

 The change of the NIHSS score from baseline to 14 days (mean ± 
SD)

− 2.41 (4.76) − 4.67 (4.21) 0.014 2.34 (0.49, 4.19)

 The change of the NIHSS score from baseline to 30 days (mean ± 
SD)

−3.03 (5.08) − 5.33 (4.02) 0.012 2.40 (0.54, 4.25)

 The change of the NIHSS score from baseline to 90 days (mean ± 
SD)

− 3.56 (5.26) − 5.79 (4.05) 0.015 2.33 (0.47, 4.20)

 Recurrence of ischemic stroke within 7 days after the treatment, 
no. (%)

0 0 > 0.999 NA

Safety outcomes
 Death, no. (%) 1 (2.56) 0 > 0.999 2.56 (− 2.40, 7.52)
 Serious adverse events, no. (%) 8 (20.51) 6 (15.38) 0.350 5.13 (− 11.87, 22.12)
 Intracerebral hemorrhage, no. (%) 2 (5.13) 3 (7.69) > 0.999 − 2.56 (−1 3.42, 8.29)

S ymptomatic intracerebral hemorrhage, no. (%) 0 0 > 0.999 NA

Fig. 2  A Distribution of modified Rankin Scale scores at baseline. B Distribution of modified Rankin Scale scores at 90 days
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treatment initiation between 4.5 and 6 h. A meta-analysis 
of nine randomized controlled trials (RCTs), of which six 
RCTs could randomized patients beyond 4.5 h and up to 6 
h after symptom onset, showed no evidence of significant 
benefit of alteplase compared with placebo after 4.5 h of 
stroke onset or when last seen well [13]. According to the 
European Stroke Organization, AIS patients of 4.5–9 h dura-
tion (known onset time), without advanced imaging, were 
recommended no IV thrombolysis [14]. Thus, other throm-
bolytic drugs with equal or superior efficacy and safety are 
urgently needed for AIS exceeding 4.5 h.

As a specific plasminogen activator that mainly acts on 
fibrin at the thrombus site, prourokinase (Pro-UK) does not 
form covalent complexes with protease inhibitors in plasma. 
Minimal deactivation by circulating inhibitors and clot-spe-
cific plasminogen activation are two advantages of Pro-UK 
[15]. In contrast to rt-PA, Pro-UK induces minimal (< 5%) 
or no re-thrombosis and exerts no procoagulant effect in 
blood.

In a rat model with thromboembolic stroke, Hao [16] 
found that intravenous infusion of Pro-UK in the acute-early 

stage (1.5 h after embolism) reduced the neurological defi-
cits and decreased the lesion and infarct volume, without 
increasing the ICH as compared with urokinase and rt-PA. 
In the 4.5 h or 6 h time windows, the use of Pro-UK throm-
bolysis was slightly better than rt-PA without hemorrhage. 
In a rabbit model with cerebral ischemia at 3, 4.5, and 6 h 
therapeutic time windows, IV Pro-UK improved recanali-
zation with reduced risk of cerebral hemorrhage, exerting 
therapeutic effects within a 6 h time frame [17].

The PROACT study demonstrated a partial or complete 
recanalization rate of initially occluded cerebral vessels 
of 57.7% with Pro-UK versus 15.4% in patients receiving 
placebo, substantially higher than the 34.4% observed with 
double-chain rt-PA given intravenously [5, 18]. In all, 40% 
of Pro-UK patients and 25% of control patients had a mRS 
of 2 or less at 90 days, despite sICH within 24 h occurring 
in 10% of Pro-UK patients and 2% of control patients [19]. 
Thus, IA local delivery Pro-UK within 6 h of the onset of 
AIS significantly improved recanalization efficacy and clini-
cal outcome at 90 days, despite an increased risk of early 
sICH. Takano et al. [20] showed that both IA and IV Pro-UK 

Fig. 3  A The mean (± SE) NIHSS scores at different time points in 
the rhPro-UK 50 mg group. B The mean (± SE) NIHSS scores at 
different time points in the rhPro-UK 35 mg group. C The mean (± 

SE) changes of NIHSS scores from baseline of the intention-to-treat 
population at different time points. *Statistically significant P value. 
SE standard error

Table 3  Study outcomes in the two groups after adjustment for the baseline variables

*Adjusted factors: age, hypertension, diabetes, hyperlipidemia, prior heart disease, and prior stroke event

Endpoint Group A
rhPro-UK 50 mg (n = 39)

Group B
rhPro-UK 35 mg (n = 39)

P*

Primary outcome
 mRS score of 0 or 1, no. (%) 24 (61.54) 27 (69.23) 0.430

Secondary outcomes
 ≥ 4 points reduction on NIHSS score at 24 h, no. (%) 11 (28.21) 13 (33.33) 0.278
 mRS score of 0–2, no. (%) 26 (66.67) 32 (82.05) 0.120
 Ischemic stroke recurrence within 7 days, no. (%) 0 0 –

Safety outcomes
 Death, no. (%) 1 (2.56) 0 0.429
 Serious adverse events, no. (%) 8 (20.51) 6 (15.38) 0.707
 Any intracranial hemorrhage, no. (%) 2 (5.13) 3 (7.69) 0.291
 Symptomatic intracranial hemorrhage, no. (%) 0 0 –
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significantly promoted reperfusion and decreased lesion in 
an embolic stroke model, indicating that IA and IV therapy 
with Pro-UK are equally effective in promoting reperfusion 
and inhibiting the development of focal ischemic injury. 
Takano et al. mentioned that, if the current IA efficacy trial 
of Pro-UK provides evidence that this novel thrombolytic 
agent improves clinical outcome when given to AIS patients 
within the first 6 h after onset, then it is likely that future 
assessment of Pro-UK treatment will occur.

Our previous study suggested that rhPro-UK intravenous 
thrombolysis therapy is effective for patients within 4.5 h 
after stroke onset [6]. In the present study, we compared the 
efficacy and safety between different doses of IV rhPro-UK 
for AIS in the 4.5–6 h time window. Without increased mor-
tality and ICH risk, more than 60% of patients at either dose 
achieved functional independence at 90 days. The proportion 
of patients with favorable outcomes was similar to previous 
studies. In a meta-analysis of five randomized trials [21], the 
crude cumulative rates of disability-free (mRS 0–1) outcome 
at 3 months were tenecteplase 57.9% versus alteplase 55.4%, 
the crude summary sICH rates were tenecteplase 3% versus 
alteplase 3%, and the crude mortality rates at 3 months were 
tenecteplase 7.6% versus alteplase 8.1%.

There was a trend with rhPro-UK 35 mg toward an 
increase in the rate of patients with favorable outcome and 
a reduction in the mean NIHSS score compared with those 
in the rhPro-UK 50 mg group. There was a dose-response 
relationship for Pro-UK [22]. Efficacy increased from the 
lowest to the highest dose and increased as the time win-
dow shortened [17]. Meanwhile, some researchers found that 
conversion rate from single-chain Pro-UK to double-chain 
UK was not only related to the dosage, but also associated 
with the administration regimen [4]. When a 25% bolus was 
followed by a 60 min infusion, the conversion rates of 35 mg 
dosage and 50 mg dosage were 15.4% and 27.9%, respec-
tively. When the administration regimen was changed to a 
20 mg bolus first followed by a 30 min infusion, the conver-
sion rate was significantly decreased. The conversion rate 
was only 14% for the 65 mg dosage, and 18.9% for the 85 
mg dosage. The better trend in rhPro-UK 35 mg versus 50 
mg groups might be related to the different conversion rates 
due to the administration regimen. This finding needs to be 
confirmed in future studies.

Our randomized study is limited by its small sample 
size. The potential benefit could be more obvious in a larger 
randomized cohort study. The treatment allocation was not 
blinded, and there was no control group. Despite taking sev-
eral measures, such as selection of stroke centers with Good 
Clinical Practice (GCP) certification, conduction of uniform 
training for researchers, and regular supervision and inspec-
tion of centers, certain measure biases with the open design 
may not have been completely ruled out.

At the time when the trial was designed, there were no 
recognized safe and effective thrombolytic drugs approved 
for use within 4.5–6 h of onset in patients with ischemic 
stroke. As a phase II clinical trial for a new drug application 
with the primary objective of exploring the appropriate dose, 
only the safety and efficacy of intravenous rhPro-UK 35 mg 
and 50 mg were compared. In a subsequent phase III clini-
cal trial, a randomized controlled design was used to further 
compare the rhPro-UK 35 mg dose group with the standard 
treatment. Furthermore, the optimal strategy and the influ-
encing factors of curative effect need to be confirmed in 
further studies. Whether this strategy could be beneficial in 
improving long-term clinical outcomes needs to be clarified 
in larger studies. Finally, advanced imaging about perfusion 
lesions or vessel occlusion was not mandated. Information 
of reperfusion and recanalization on imaging was absent. 
However, the use of CT scans in the present study gives 
a wider applicability of this drug, as CT scans are widely 
available, even in smaller cities.

5  Conclusions

In conclusion, this phase IIa, randomized, and open-label 
multicenter clinical study showed for the first time that IV 
rhPro-UK was effective and safe for patients with AIS within 
4.5–6 h after stroke onset. Furthermore, this study provides 
critical data to plan a phase III multi-center clinical trial to 
further test the safety and efficacy of the 35 mg low dose of 
rhPro-UK.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40263- 023- 01051-2.
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