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STUDY PROTOCOL

Dual thrombolytic therapy with mutant 
pro‑urokinase and small bolus alteplase 
for ischemic stroke (DUMAS): study protocol 
for a multicenter randomized controlled phase II 
trial
Nadinda A. M. van der Ende1,2*   , Bob Roozenbeek1,2, Lucas E. M. Smagge2, Sven P. R. Luijten1,2, 
Leo A. M. Aerden3, Petra Kraayeveld4, Ido R. van den Wijngaard5, Geert J. Lycklama à Nijeholt6, 
Heleen M. den Hertog7, H. Zwenneke Flach8, Alexis C. Wallace9, Victor Gurewich9,10, Gregory J. del Zoppo11,12, 
William J. Meurer13,14,15, Hester F. Lingsma16, Aad van der Lugt2, Diederik W. J. Dippel1 and on behalf of the 
DUMAS Investigators 

Abstract 

Background:  The effectiveness of alteplase for ischemic stroke treatment is limited, partly due to the occurrence 
of intracranial and extracranial hemorrhage. Mutant pro-urokinase (m-proUK) does not deplete fibrinogen and lyses 
fibrin only after induction with alteplase. Therefore, this treatment has the potential to be safer and more efficacious 
than treatment with alteplase alone. The aim of this study is to assess the safety and efficacy of thrombolytic treat-
ment consisting of a small bolus alteplase followed by m-proUK compared with standard thrombolytic treatment 
with alteplase in patients presenting with ischemic stroke.

Methods:  DUMAS is a multicenter, phase II trial with a prospective randomized open-label blinded end-point 
(PROBE) design, and an adaptive design for dose optimization. Patients with ischemic stroke, who meet the criteria 
for treatment with intravenous (IV) alteplase can be included. Patients eligible for endovascular thrombectomy are 
excluded. Patients are randomly assigned (1:1) to receive a bolus of IV alteplase (5mg) followed by a continuous IV 
infusion of m-proUK (40 mg/h during 60 min) or usual care with alteplase (0.9 mg/kg). Depending on the results of 
interim analyses, the dose of m-proUK may be revised to a lower dose (30 mg/h during 60 min) or a higher dose (50 
mg/h during 60 min). We aim to include 200 patients with a final diagnosis of ischemic stroke. The primary outcome 
is any post-intervention intracranial hemorrhage (ICH) on neuroimaging at 24 h according to the Heidelberg Bleed-
ing Classification, analyzed with binary logistic regression. Efficacy outcomes include stroke severity measured with 
the National Institutes of Health Stroke Scale (NIHSS) at 24 h and 5–7 days, score on the modified Rankin scale (mRS) 
assessed at 30 days, change (pre-treatment vs. post-treatment) in abnormal perfusion volume, and blood biomarkers 
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Background
Currently, recombinant tissue plasminogen activator 
alteplase is the only FDA-approved agent for the throm-
bolytic treatment of ischemic stroke. This thrombolytic 
treatment with alteplase in patients with ischemic stroke 
leads on average to improved reperfusion in about 30% 
of patients and increases the likelihood of a good clinical 
outcome in one of every ten treated patients [1]. Apart 
from its limited efficacy, it carries a risk of symptomatic 
intracranial hemorrhage of 6-7% [2].

Treatment with endovascular thrombectomy is effec-
tive in patients with ischemic stroke due to a large-vessel 
occlusion in the anterior circulation [3], which is pre-
sent in at most 30% of ischemic stroke patients present-
ing at the emergency department [4, 5]. For patients with 
ischemic stroke without a large-vessel occlusion, reperfu-
sion can only be reached through thrombolytic treatment 
[6]. There is a need for a better and safer thrombolytic 
therapy, which expands the number of patients that 
can be treated safely and successfully. Preclinical and 
clinical studies have indicated that dual thrombolytic 
therapy, mimicking the physiological design of throm-
bolysis, with small bolus alteplase followed by a mutant 
pro-urokinase (m-proUK) has a significant potential to 
be safer and more efficacious than the FDA-approved 
regimen of standard dose alteplase alone (0.9 mg/kg) 
[7–10]. M-proUK is a single-point mutation of the single-
chain zymogen plasminogen activator, pro-urokinase, 
with less susceptibility to non-specific activation into 
its enzymatic, two-chain form, urokinase [9]. Moreo-
ver, m-proUK by itself does not lyse hemostatic fibrin, 
only partially degraded fibrin [8, 11]. When the low 
dose alteplase is cleared from the systemic circulation, 
m-proUK will only induce intravascular clot lysis, and 
spare hemostatic fibrin. Therefore, this therapeutic regi-
men has the potential to be safer and more efficacious 
than treatment with alteplase [7–9].

Objectives

1.	 To assess the safety of treatment with a dual plasmi-
nogen activator (in short: thrombolytic), which con-
sists of a small bolus of intravenous (IV) alteplase 
followed by IV infusion of m-proUK against usual 

treatment with IV alteplase in patients presenting 
with ischemic stroke.

2.	 To assess the preliminary efficacy of treatment with 
a dual plasminogen activator, which consists of a 
small bolus of IV alteplase followed by IV infusion of 
m-proUK against usual treatment with IV alteplase 
in patients presenting with ischemic stroke.

Methods
Study design
The DUal thrombolytic treatment with Mutant pro-
urokinase and small bolus Alteplase for ischemic Stroke 
(DUMAS) trial is a multicenter, phase II trial with a 
prospective randomized open-label blinded end-point 
(PROBE) design and an adaptive design for dose opti-
mization (Fig.  1). Thrombolytic treatment consisting 
of a small bolus of IV alteplase and IV m-proUK will 
be compared with usual thrombolytic treatment with 
alteplase 0.9 mg/kg. An overview of the main study pro-
cedures is provided in Fig. 2. Because the exact optimal 
dose of IV m-proUK for patients with ischemic stroke is 
still unknown, sequential interim analyses will be per-
formed allowing adaptation of the IV m-proUK dose. A 
detailed description of this adaptive design can be found 
in Supplemental File 1. The “Standard Protocol Items: 
Recommendations for Interventional Trials” (SPIRIT) 
checklist is provided as Supplemental File 2 [12]. The 
study will run in several hospitals in the Netherlands.

Patient population
The study population will be drawn from patients with 
a clinical diagnosis of ischemic stroke at the Emergency 
Department.

of thrombolysis at 24 h. Secondary safety endpoints include symptomatic intracranial hemorrhage, death, and major 
extracranial hemorrhage. This trial will use a deferred consent procedure.

Discussion:  When dual thrombolytic therapy with a small bolus alteplase and m-proUK shows the anticipated effect 
on the outcome, this will lead to a 13% absolute reduction in the occurrence of ICH in patients with ischemic stroke.

Trial registration:  NL7409 (November 26, 2018)/NCT04256473 (February 5, 2020)

Keywords:  Thrombolytic treatment, Mutant pro-urokinase, Alteplase, Ischemic stroke, Randomized controlled trial

Fig. 1  Trial logo
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Patients are eligible for inclusion in DUMAS when 
they are 18 years or older and have a clinical diagnosis of 
ischemic stroke with a deficit on the National Institutes 
of Health Stroke Scale (NIHSS) of at least 1 point. Non-
contrast computed tomography (NCCT) or magnetic 
resonance imaging (MRI) should rule out intracranial 
hemorrhage (ICH) and patients should meet the crite-
ria for standard treatment with IV alteplase according to 
national guidelines [13]. Treatment should therefore be 
possible within 4.5 h from symptom onset or last seen 
well or between 4.5 and 12 h from symptom onset or last 

seen well, if the infarct core is less than 25 mL and the 
penumbra is at least the same size as the infarct core (i.e., 
total ischemic volume/infarct core mismatch ≥ 2.0) [14], 
or in case of lacunar syndrome [15], if there is a diffusion-
weighted imaging (DWI) and fluid attenuation inver-
sion recovery (FLAIR) mismatch, consistent with Dutch 
national guidelines for stroke [16].

Exclusion criteria are eligibility for endovascular 
thrombectomy (i.e., patients with a proximal large artery 
occlusion on CT angiography or magnetic resonance 
angiography), contra-indication for treatment with IV 

Fig. 2  SPIRIT figure. mRS indicates modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; SAE, serious adverse events. *t−1: directly 
before randomization, t0: randomization, t1 = directly after randomization; t2 = at 1 h; t3 = at 3 h; t4 = at 24 h; t5 = at 5–7 days or at discharge 
if earlier; t6 = at 30 days. **Informed consent: as early as deemed possible after IV thrombolysis. ***Administration of IV thrombolytic therapy 
directly after randomization. ****Neuro-imaging at baseline consists of non-contrast CT, CT-perfusion, and CT-angiography or brain MRI and MRA. 
Neuro-imaging at 24 h consists preferably of a brain MRI
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alteplase according to national guidelines, pre-stroke 
modified Rankin Scale (mRS) score > 2, known preg-
nancy, contra-indication for MRI, and participation in 
any therapeutic trial other than DUMAS.

There are no dropout criteria.

Randomization
Sequence generation
Patients will be randomized 1:1 to standard thrombo-
lytic treatment with alteplase alone vs. dual thrombolytic 
treatment with a bolus alteplase and m-proUK. The rand-
omization procedure will be web-based, using permuted 
blocks. Randomization will be stratified for the center. 
The allocation sequence was generated by the independ-
ent trial statistician.

Allocation concealment mechanism
The allocation sequence was unknown to all investigators.

Implementation
Patients will be randomized by the treating physician.

Blinding
Clinical outcomes, such as NIHSS scores and serious 
adverse events are collected by trained research per-
sonnel. Standardized telephone interviews to assess the 
mRS score at 1 month will be conducted from a central 
location by experienced research nurses, unaware of 
treatment allocation [17, 18]. They will instruct patients 
or relatives before starting the interview not to say any-
thing about the performed procedure or the admis-
sion in the hospital. Neuroimaging will be assessed by 
an imaging core laboratory blinded to study treatment 
allocation. Members of the imaging core laboratory are 
unaware of clinical data including treatment allocation, 
but were informed about baseline clinical symptoms. 
Clinical symptoms were defined as side of the hemipare-
sis, presence of aphasia, or non-localizing symptoms for 
the patients without hemiparesis or aphasia. Follow-up 
neuroimaging on which the primary outcome is deter-
mined will be assessed by two independent members of 
the imaging core laboratory. If the two imaging core labo-
ratory assessments do not match, disagreements will be 
resolved by consensus. Outcome data will be entered in 
a database that is kept separated from the main clinical 
database, which includes information about the treat-
ment allocation.

Study treatment
The intervention arm will receive a small bolus of IV 
alteplase 5 mg, which will be followed by a continu-
ous infusion of m-proUK, either 40 mg in 60 min (ini-
tial dose) or an alternate dose, independent of patient 

weight. Depending on the result of interim analyses, 
the m-proUK dosage may be revised to:

–	 Higher than the initial dose, by 25% (i.e., 50 mg in 
60 min)

–	 Lower than the initial dose, by 25% (i.e., 30 mg in 
60 min)

A detailed description of this adaptive design for dose 
optimization can be found in Supplemental File 1. In 
case of a dose change, only one switch back to the origi-
nal dose is allowed without further changes to the dose. 
The total number of different dosages used in the trial 
will therefore not exceed two, in order to retain suf-
ficient precision in the estimate of dose-related treat-
ment effect.

The control arm will receive standard treatment with 
IV alteplase alone in a dose of 0.9 mg/kg (10% bolus + 
90% infusion in 60 min), maximum dose 90 mg.

Study procedures
Patients undergo assessment of the NIHSS at base-
line, 24 h, and 5–7 days (or discharge if earlier), which 
is a routine clinical procedure. It will be carried out by 
NIHSS-certified physicians. All patients will undergo 
NCCT, CTA and CT perfusion or MRI and MRA of the 
brain at baseline, as part of routine clinical care. CT-
perfusion will be focused on the anterior circulation or 
posterior circulation depending on the suspected loca-
tion of the ischemic stroke as determined by the treat-
ing physician. For follow-up imaging, all patients will 
undergo an MRI of the brain at 24 h (range: 12 to 48 h). 
The MRI scan will include the following sequences: [1] 
Susceptibility weighted imaging (SWI), [2] DWI/appar-
ent diffusion coefficient (ADC), [3] dynamic suscepti-
bility contrast MRI (DSC-MRI) or arterial spin labeling 
(ASL), [4] T2 weighted imaging (T2w), [5] T2-FLAIR. 
In case of any contra-indication for MRI after rand-
omization (e.g., because the contra-indication was not 
known at the time of inclusion or the patient has a new 
contra-indication due to an intervention during hos-
pital admission), a follow-up NCCT and CT-perfusion 
at 24 h will be performed instead. Blood samples will 
be taken at baseline, one tube EDTA (+/− 5 mL), one 
tube without anticoagulant (+/− 7mL) and two tubes 
with citrated blood (2.7 mL) will be drawn. Additional 
blood samples will be taken (two tubes citrated blood 
of 2.7 mL) at 1 h, at 3 h, and at 24 h post treatment. 
Biomaterials will only be collected for patients in two 
participating centers. Plasma samples will be stored at 
−80 °C for later analysis. A schedule of all activities is 
shown in Fig. 2.
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Informed consent
This study uses a deferred informed consent procedure, 
because DUMAS evaluates an acute intervention in an 
emergency situation concerning a life-threatening disor-
der [19]. Consent will be asked as early as possible, and as 
deemed appropriate according to the treating physician.

If a patient or his/her representative refuses to pro-
vide consent, participation in the trial will be terminated 
immediately. The procedure requires that all information 
on patients who did not provide consent  is discarded 
and deleted. This may be against the interest of patients 
who did provide consent, and against the interest of the 
general public, as patients with (serious) adverse events 
might be more likely to refuse consent for participation. 
Not considering these records might very well result in 
an underestimation of the true safety and validity of the 
data, and it might lead to undetected safety concerns 
for all consenting patients in the trial. To overcome this 
concern, all randomized patients will be registered in 
an anonymized safety registry providing information on 
in-hospital symptomatic ICH and in-hospital mortality 
(both important safety variables for the study). All other 
information will be completely erased from the patient’s 
study record in case no consent is provided.

When a patient has died before consent has been 
obtained, their representative will be informed about trial 
participation. These patients will be included in all analy-
ses, there is no opt-out option since that may bias study 
results.

Study outcomes
The primary outcome is any post-intervention ICH 
confirmed by neuroimaging according to the Heidel-
berg Bleeding Classification at 24 h (range: 12 to 48 
h) after study drug administration preferably by MRI 
(SWI) [20]. Secondary clinical outcomes are the NIHSS 
score at 24 h, the NIHSS score 5–7 days (or discharge 
if earlier), and the mRS at 30 days [21, 22]. Second-
ary imaging outcomes are change (pre-treatment vs. 
post-treatment) in abnormal perfusion volume and 
infarct volume at 24 h post-treatment. Secondary 
blood biomarker outcomes include fibrinogen, plasmi-
nogen, alpha2-antiplasmine, and d-dimers at 1 h, at 3 
h, and at 24 h. Safety outcomes include symptomatic 
ICH according to the Heidelberg Bleeding Classifica-
tion, death from any cause within 30 days, and major 
extracranial hemorrhage according to the ISTH criteria 
within 24 h of thrombolytic treatment [20, 23].

(Serious) adverse event reporting
Safety is an issue of concern as thrombolytic treatment 
has a bleeding risk. Adverse events are defined as any 
undesirable experience occurring to a subject during the 

study, whether or not considered related to the investi-
gational product. All adverse events reported sponta-
neously by the subject or observed by the investigator 
or his staff will be recorded. A serious adverse event is 
any untoward medical occurrence or effect that results 
in death, is life-threatening (at the time of the event), 
requires hospitalization or prolongation of existing inpa-
tients’ hospitalization, results in persistent or significant 
disability or incapacity, is a congenital anomaly or birth 
defect, that required medical or surgical intervention, 
or any other important medical event that did not result 
in any of the outcomes listed above due to medical or 
surgical intervention but could have been based upon 
appropriate medical judgment. We will report SAEs that 
occurred within the follow-up period defined by the last 
follow-up contact.

Data Safety Monitoring Board
The Data Safety Monitoring Board (DSMB) consists of 
a neurologist (chair), a neuro-radiologist, and a hema-
tologist. An independent statistician will combine clinical 
and outcome data in order to report to the DSMB. The 
DSMB will advise the chairman of the steering commit-
tee if, in their view, the randomized comparisons have 
provided both (i) “proof beyond reasonable doubt” that 
for all, or some, the treatment is clearly indicated or 
clearly contra-indicated and (ii) evidence that might rea-
sonably be expected to materially influence future patient 
management. Appropriate criteria of proof beyond rea-
sonable doubt cannot be specified precisely, but the 
DMSB will work on the principle that a difference of at 
least 3 standard errors in an interim analysis of a major 
outcome event (e.g., any ICH, death) may be needed to 
justify halting, or modifying a study before the planned 
completed recruitment. Safety interim analyses will also 
include measures of efficacy (NIHSS and mRS) and are 
planned after the inclusion of 20, 30, 40, and 50 patients 
and after that with increments of 50, after the start of the 
trial, and after any dose change, until the trial is com-
pleted, unless the DSMB advises otherwise during the 
conduct of the trial. Following a report from the DMSB, 
the steering committee will decide whether to modify 
entry to the study (or seek extra data) and inform the 
sponsor. Unless this happens, however, the steering com-
mittee, the collaborators, and central administrative staff 
will remain ignorant of these analyses and results.

Apart from these safety and efficacy reports, the DSMB 
will receive additional analyses from an independent stat-
istician, who will inform the DSMB on the likelihood of 
success or failure of the study to reach a positive result. 
This information will be used to advise the steering com-
mittee to adapt the dosing in the study according to pre-
specified criteria as explained in detail in Supplemental 
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File 1. The information provided in these interim analy-
ses will not be used to discontinue the study for expected 
futility, as it is the intention of the steering committee to 
run the trial until 200 patients with a final diagnosis of 
ischemic stroke have been included, as long as there are 
no safety or efficacy concerns.

Data collection and management
All data will be entered into a web-based trial manage-
ment system (OpenClinica), which allows for edit and 
audit trails, by trained local research personnel. Patient 
records are coded by a unique study number. The local 
investigators will keep a list showing codes and names. 
Unique documents with identifying information will be 
stored separately from the study database in digital files, 
categorized by study number on a secure drive system, 
and only accessible to the study coordinators.

This trial qualifies as a moderate risk study, i.e., a study 
with a small risk of serious adverse events compared to 
standard treatment. According to Dutch standards, 25% 
of local data should be reviewed against source data. 
However, as this is a phase 2 trial, we will monitor a pre-
specified list of local data, which includes secondary out-
comes (i.e., the NIHSS at 24 h, the NIHSS at 5–7 days, 
and the mRS at 30 days), in 100% of the patients.

Statistical analyses
Baseline data by treatment allocation will be reported 
with standard statistical procedures and missing values 
will be reported. For regression analyses, missing val-
ues, except the primary outcome, will be imputed using 
multiple imputation (n=5). We will perform and report 4 
analyses, of which the first is the primary:

1.	 Simple modified intention-to-treat analysis to assess 
overall safety and efficacy. This is a modified inten-
tion-to-treat analysis because we exclude patients 
who did not give consent to participate in the study. 
We will additionally report safety parameters based 
on the full cohort, including patients who did not 
give consent.

2.	 Targeted modified intention-to-treat analysis exclud-
ing patients with a final diagnosis other than ischemic 
stroke to assess safety and efficacy in the target popu-
lation.

3.	 Targeted modified on-treatment analysis to assess the 
safety and efficacy in patients who actually received 
treatment excluding patients with a final diagnosis 
other than ischemic stroke.

4.	 Per-protocol analysis.

Additionally, we will perform subgroup analyses on 
categorized baseline variables including age, sex, systolic 

blood pressure, ASPECTS, time from onset to study 
treatment, NIHSS score, extracranial carotid or vertebral 
arterial occlusion, pre-study antiplatelet treatment, DWI 
lesion (yes/no), and lacunar syndrome (yes/no). Sub-
group analyses will be done by testing for interaction of 
the subgroup indicator with treatment.

The effect of the study treatment on the primary out-
come will be assessed with multivariable logistic regres-
sion with study treatment as a binary independent 
variable (m-proUK vs. control). Adjusted and unadjusted 
effect estimates with corresponding 95% confidence 
interval (CI) will be reported. The effect estimate will 
be adjusted for important prognostic factors at baseline, 
which include at least age and time from onset of symp-
toms to randomization. Stroke severity (NIHSS score), 
lacunar syndrome (yes/no) [11], systolic blood pressure, 
antiplatelet treatment, and endovascular treatment (yes/
no) will be considered additionally in this order. Whether 
the dosing (initial vs. modified) of the study treatment 
modifies the treatment effect, will be analyzed with a 
multiplicative interaction parameter in the main analysis.

The effect of the study treatment on the secondary out-
comes will be assessed with multivariable linear, logistic, 
or ordinal regression models with study treatment as a 
binary independent variable (m-proUK vs. control). The 
effect parameter will be either a beta or (common) OR 
with 95% CI. This effect will be adjusted with variables 
that are predictive of the specific outcome measure.

The most up-to-date statistical analysis plan can be 
found on the website (https://​dumas-​trial.​nl/).

Sample size
We will include 200 patients with a final diagnosis of 
ischemic stroke randomized 1:1 to either standard 
thrombolytic treatment or dual thrombolytic treatment. 
We assume that the primary outcome, any ICH, will 
occur with a probability of 20% with standard throm-
bolytic treatment and a probability of 7% in the patients 
treated with dual thrombolytic therapy [24]. This leads 
to an overall effect (odds ratio (OR)) of 0.3. This sample 
size will provide us with a power of at least 77% to detect 
a statistically significant effect on the primary outcome. 
This estimate does not take into account the use of multi-
variable adjustment for differences in baseline character-
istics in the primary analysis.

To ensure sufficient power in the targeted modified 
on-treatment analysis, an additional patient will be rand-
omized and included (i.e., replaced) for each patient who

–	 did not give consent for participation in the study, or
–	 for any reason did not receive the full dose of throm-

bolytics as assigned, or

https://dumas-trial.nl/
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–	 had a final diagnosis other than ischemic stroke (i.e., 
stroke mimic).

◦ We estimate that up to 20% of the included 
patients will not have a final diagnosis of ischemic 
stroke [25].

Study organization
The sponsor of the trial is the Erasmus MC University 
Medical Center, Doctor Molewaterplein 40, 3015 GD 
Rotterdam, Rotterdam, The Netherlands. The steering 
committee is responsible for the overall supervision of 
the trial. Additionally, the steering committee will dis-
cuss all patients about whom doubt exists concerning 
the discharge diagnosis of ischemic stroke or not (i.e., 
stroke mimic). Every local principal investigator can pro-
pose cases for discussion. This concerns at least patients 
without a DWI lesion on follow-up MRI. The executive 
committee keeps track of trial progress and makes the 
strategic decisions on a weekly basis. See the “Acknowl-
edgements” section for a full list of the investigators.

Ethics approval
The study will be conducted according to the principles 
of the Declaration of Helsinki (7th revision, Brazil, Octo-
ber 2013), Good Clinical Practice, the Dutch Medical 
Research Involving Human Subjects Act (WMO), and 
when it becomes applicable in accordance with regula-
tions of other countries with participating centers. The 
DUMAS research protocol has been approved by the 
Institutional Review Board of the Erasmus MC Uni-
versity Medical Center (MEC-2019-0001). The current 
manuscript is based on protocol version 1.3.2 (April 5, 
2022). The most up-to-date approved trial protocol can 
be found on the website (https://​dumas-​trial.​nl/).

Discussion
DUMAS will assess the safety and preliminary efficacy 
of a dual acute thrombolytic treatment consisting of a 
small bolus of intravenous (IV) alteplase followed by IV 
infusion of m-proUK against usual treatment with IV 
alteplase in patients presenting acutely with ischemic 
stroke. We hypothesize that dual thrombolytic therapy 
with a bolus alteplase and m-proUK will reduce the 
occurrence of any ICH in patients with ischemic stroke 
compared to patients treated with alteplase alone.

Other ongoing trials
There are currently no other ongoing trials investigating 
the safety and efficacy of thrombolytic treatment with 
m-proUK.

There are other ongoing trials evaluating the effect of a 
different thrombolytic agent, tenecteplase. Tenecteplase 
at a dose of 0.25 mg/kg is a promising alternative to 

alteplase, due to its ease of administration, but until now, 
superiority or even non-inferiority has not been convinc-
ingly demonstrated. Also, the rates of intracranial hemor-
rhage in patients treated with tenecteplase and alteplase 
are similar [25–29].

Limitations and concerns
As DUMAS is the first randomized clinical trial to evalu-
ate the safety and preliminary efficacy of thrombolytic 
treatment with m-proUK in patients with ischemic 
stroke, there is no clear evidence on the most effective 
and safe dose of m-proUK. The m-proUK dose is based 
on a thrombolytic treatment with alteplase and pro-
urokinase for acute myocardial infarction [10]. Previous 
trials that evaluated thrombolytic treatment for ischemic 
stroke in doses similar to those used for treatment of 
myocardial infarction reported high rates of ICH and 
no beneficial effect of treatment on functional outcome 
[30, 31]. That prompted investigators of thrombolytic 
therapy for ischemic stroke to use doses of 60% to 90% 
of the dose used in myocardial infarction. For example, 
in GUSTO, a randomized controlled trial in patients with 
myocardial infarction, the most effective thrombolytic 
regimen was accelerated tPA in a bolus of 15 mg, 0.75 
mg/kg in 30 min, not to exceed 50 mg, and 0.5 mg/kg, up 
to 35 mg, over the next 60 min combined with intrave-
nous heparin. This means that an average patient, weigh-
ing 75 kg, would receive a total of 100 mg alteplase (the 
maximum dose) [32]. The total dose used in the effective 
landmark alteplase trials for ischemic stroke was 0.9 mg/
kg, including a 10% bolus, based on safety considerations 
and efficacy [2]. An average patient, weighting 75 kg, 
would receive a total of 67.5 mg, which comes down to 
67.5% of the GUSTO dose in an average person [2, 33]. 
Considering the increased risk of ICH after thrombolytic 
treatment in patients with ischemic stroke compared 
with patients with myocardial infarction, the cumulative 
dose of pro-urokinase is reduced with 33% compared 
to the pro-urokinase dose given to patients with myo-
cardial infarction [10]. Because the exact optimal dose 
of IV m-proUK in patients with ischemic stroke is still 
unknown, sequential interim analyses will be performed 
allowing adaptation of the IV m-proUK dose.

DUMAS excludes patients who are candidates for 
endovascular thrombectomy (i.e., patients with a proxi-
mal intracranial large artery occlusion on CTA or MRA) 
due to logistics with regard to other ongoing trials in this 
patient population in the Netherlands, and because sub-
sequent thrombectomy will disturb the assessment of the 
intervention effect. However, because DUMAS allows 
inclusion of all other types of ischemic stroke including 
lacunar infarcts, cortical infarcts, and posterior circula-
tion strokes, we expect that results will be generalizable 
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to all patients with an indication for treatment with IV 
thrombolytics.

Dual thrombolytic treatment with a small bolus 
alteplase followed by m-proUK has the potential to 
be safer than standard treatment with alteplase alone, 
because m-proUK by itself cannot lyse hemostatic fibrin. 
When alteplase is cleared from the systemic circulation, 
hemostatic fibrin in new lesions in the ischemic region 
will remain intact. Therefore, this dual thrombolytic 
treatment is likely to reduce the occurrence of any post-
treatment ICH. ICHs can be classified as either sympto-
matic or asymptomatic. Several classifications are in use, 
but symptomatic ICH is often defined as an increase in 
neurological deficit of 4 points or more on the NIHSS, 
or death, with hemorrhage confirmed by neuro-imaging. 
This implies that several hemorrhages may cause more 
subtle deterioration and are classified as asymptomatic. 
Moreover, it has been suggested that ICHs classified as 
asymptomatic are associated with worse functional out-
come and should be considered relevant for functional 
outcome [34–36]. These considerations argue for using 
all intracranial hemorrhages as the primary outcome.

Moving forward to a phase 3 trial investigation, the 
safety and efficacy of treatment with m-proUK should 
be considered in case of statistically significant treatment 
effect on the primary outcome (i.e., any intracranial hem-
orrhage) or if the estimated effect is not statistically sig-
nificant, but large, consistent over secondary outcomes, 
and in line with the pathophysiological properties of 
m-proUK and the experimental studies.

Conclusion
DUMAS is a phase II clinical trial with PROBE design, 
which investigates the safety and preliminary efficacy of 
dual thrombolytic treatment consisting of a small bolus 
alteplase followed by m-proUK IV infusion against usual 
treatment with alteplase in patients presenting with 
ischemic stroke. When this dual thrombolytic therapy 
with a small bolus alteplase and m-proUK shows the 
anticipated effect on outcome, this will lead to a 13% 
absolute reduction in the occurrence of ICH in patients 
with ischemic stroke.

Trial status
Approval of the DUMAS trial protocol by the ethical 
board was given on May 17, 2019. The current proto-
col version (1.3.2) was approved on April 5, 2022. The 
first patient was included August 10, 2019. Recruit-
ment was completed in April 2022. More information 
about DUMAS, including the progress of the trial and 
participating centers, can be found on the website 
(https://​dumas-​trial.​nl/).
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