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Background To evaluate the safety of several doses of a new thrombolytic, TNK tissue-plasminogen activator (tPA),
given as a single bolus to patients with acute myocardial infarction.

Methods and Results A total of 3235 patients were given TNK-tPA: 1705 received 30 mg, 1457 received 40 mg,
and 73 received 50 mg. The 50-mg dose was discontinued and replaced by 40 mg because of increased bleeding observed
in the Thrombolysis In Myocardial Infarction (TIMI)-10B study, the phase II angiographic efficacy trial conducted in parallel
with this study. The total stroke rate at 30 days in the trial was 1.5%. An intracranial hemorrhage was observed in 25 patients
(0.77%): 16 in the 30-mg group (0.94%) and 9 in the 40-mg group (0.62%). No strokes occurred in the 73 patients treated
with 50 mg TNK-tPA. In patients treated within 6 hours after symptom onset the rates of intracranial hemorrhage were 0.56%
(30 mg TNK-tPA) and 0.58 (40 mg TNK-tPA). Death, death or nonfatal stroke, or severe bleeding complications occurred in a
low proportion of patients: 6.4%, 7.4%, and 2.8%, respectively, without significant differences among the treatment groups.
Conclusions The overall safety profile of a single bolus of 30 to 50 mg TNK-tPA is comparable to that of accelerated rtPA observed in other large trials. The safety data from this trial and the patency data of TIMI-10B were the basis for a decision to conduct a large phase III mortality trial comparing weight-adjusted single-bolus TNK-tPA with accelerated r-tPA
(ASSENT-2). (Am Heart J 1999;137:786-91.)

TNK tissue-plasminogen activator (TNK-tPA) is a
triple-combination mutant of tPA developed to circumvent some of the limitations of current thrombolytic
therapy. Compared with wild-type tPA, amino acids
have been substituted at 3 sites: a threonine (T) is
replaced by asparagine, which adds a glycosylation site
to position 103; an asparagine (N) is replaced by a glutamine, thereby removing a glycosylation site from site
117; and 4 amino acids, lysine (K), histidine, arginine,
and arginine are replaced by 4 alanines at the third
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site.1 In animal models, these substitutions resulted in
an increased resistance to plasminogen activator
inhibitor (PAI-1), a longer plasma half-life, and an
enhanced fibrin specificity.1-3
In a phase I pilot study in patients with acute
myocardial infarction, single-bolus administration of
30-50 mg TNK-tPA was associated with Thrombolysis
in Myocardial Infarction (TIMI) grade 3 flow at 90
minutes in 57% to 64% of the patients and had very little effect on measures of systemic coagulation (3%
reduction in fibrinogen and a 13% reduction in plasminogen at the 50-mg dose).4 In comparison, frontloaded tPA leads to a 50% decrease in fibrinogen and a
60% reduction in plasminogen at 3 hours.5. Pharmacokinetic studies indicated that a single bolus of TNK-tPA
results in a plasma concentration profile similar to that
of accelerated tPA.4
The purpose of this study was to evaluate the safety of
several doses of TNK-tPA.This study was conducted in
parallel with an angiographic trial (TIMI-10B) that compared the efficacy for clot lysis of the same doses of
TNK-tPA with that of accelerated tPA.6 The ultimate goal
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Table I. Baseline characteristics
TNK-tPA 30 mg
(n = 1705)
Female (%)
Caucasian (%)
Mean (SD) age (y)
>75 years old (%)
Mean (SD) weight (kg)
Anterior infarct (%)
Prior MI (%)
Hypertension (%)
Mean (SD) systolic BP (mm Hg)
Mean (SD) heart rate (beats/min)
Median time from symptom onset to treatment (h)
Treated >6 hours from onset of symptoms (%)

23.9
84.4
61.1 (12.5)
12.8
77.8 (14.4)
44.5
16.2
34.3
135.5 (22.7)
75.4 (18.6)
3.1
14.8

TNK-tPA 40 mg
(n = 1457)
24.2
82.0
60.9 (12.4)
11.1
77.9 (14.0)
45.1
17.8
37.1
135.3 (23.5)
76.8 (18.4)
3.1
17.1

TNK-tPA 50 mg
(n = 73)
23.3
79.5
56.7 (12.1)
6.8
78.4 (15.1)
35.6
20.5
35.6
133.1 (23.9)
74.8 (18.7)
3.5
21.9

Total
(n = 3235)
24.0
83.2
60.9 (12.4)
11.9
77.9 (14.3)
44.6
17.0
35.6
135.4 (23.1)
76.0 (18.5)
3.1
16.0

MI, Myocardial infarction; BP, blood pressure.

of both studies was to identify the optimal dose for testing in a large phase III mortality trial.

Methods
Study population
Patients were enrolled at 296 hospitals between June 1996
and April 1997. Patients ≥18 years of age with ischemic chest
discomfort of ≥30 minutes who were seen within 12 hours of
onset and with ST-segment elevations of 0.1 mV in 2 or more
contiguous leads or new left bundle branch block associated
with ST-segment elevations of 1 mm concordant with the QRS
complex were eligible for the study. Exclusion criteria were
similar to those of the TIMI-10B trial6: prior stroke, transient
ischemic attack, or central nervous system structural damage; a
history of dementia or major cognitive deficit; a reliably
obtained blood pressure >180/110 mm Hg; significant bleeding disorder within 6 months; cardiogenic shock; treatment of
acute myocardial infarction with thrombolytic therapy within
the previous 4 days; major surgery, biopsy, or trauma within 3
months; prolonged cardiopulmonary resuscitation within 2
weeks; recent noncompressible vascular puncture; previous
coronary artery bypass surgery; therapeutic oral anticoagulation, pregnancy, current lactation, or absence of reliable birthcontrol methods (for women of childbearing age); allergy to
heparin or history of multiple allergies; current cocaine abuse;
other serious illness; current participation in another experimental drug or device protocol; previous treatment with TNKtPA; inability to follow the protocol; or any other condition
that the investigator believed would pose a significant hazard
to the patient if the investigational therapy were initiated.As
in TIMI-10B,6 the use of abciximab within the preceding 96
hours was added as an exclusion criterion in September 1996.

Randomization
After having obtained informed consent, investigators called
the computerized central randomization telephone service. Initially patients were allocated to either 30 mg or 50 mg TNK-tPA.
Although no patients treated with 50 mg TNK-tPA had a stroke in
this trial, 3 (3.8%) of 78 patients treated with 50 mg TNK-tPA in
the TIMI-10B trial had a documented intracranial bleeding (95%
confidence interval [CI], 0.8%-10.8%).6 Therefore, on the recom-

mendation of the Data and Safety Monitoring Board, the dose of
50 mg TNK-tPA was suspended and replaced by 40 mg TNK-tPA
after approval of a protocol amendment at each hospital.

Study treatments
TNK-tPA (30, 40, or 50 mg) was given as a single bolus over a
5- to 10-second period.All patients received oral or intravenous
aspirin immediately on study entry (150 to 325 mg). In patients
already taking aspirin, the first in-hospital dose of aspirin was
given the next day. Heparin was administered as soon as possible. Heparin dosing was initially specified to be at the discretion of the treating physician.The protocol did, however, offer a
guideline: 5000-U bolus (regardless of weight) followed by an
infusion of 1000 U/hour (subjects weighing >67 kg) or 800
U/hour (subjects weighing ≤67 kg) for 48 to 72 hours to maintain an activated partial thromboplastin time (aPTT) of 55 to 80
seconds.After the protocol change of September 1996, patients
weighing ≤67 kg received a 4000-U bolus, adjustments of the
heparin infusion were required to start with the 6-hour aPTT
instead of the 12-hour aPTT, and the use of abciximab was prohibited in the first 96 hours after randomization.The use of
other medications and the performance of invasive procedures
were left to the discretion of the responsible investigator.

End points and statistical analyses
No confirmatory statistical null hypothesis was tested in this
trial.The primary aim of the study was to estimate rates of
intracranial hemorrhage at 30 days with different doses of
TNK-tPA.The rates of other major clinical events at hospital
discharge and at 30 days were also evaluated.Two-sided 95%
CI were calculated for the rates.
Exploratory methods were used to compare subjects treated
with different doses of TNK-tPA. Between-group analyses were
performed with the Wilcoxon rank-sum test for continuous variables. For discrete variables a Pearson chi-square test and for
ordinal variables a Mantel-Haenszel chi-square test was used.
When the incidence was low, the exact method was applied.
To be able to study large numbers of patients with TNK-tPA,
no active control arm with tPA was included.The historic
intracranial hemorrhage rate observed with tPA in GUSTO-I
was used for comparison instead.7 On the basis of this historic
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Table II. Incidence of stroke at 30 days

Total stroke
Intracranial hemorrhage
Ischemic stroke (nonhemorrhagic stroke)
Cerebral infarction with hemorrhagic conversion
Unknown type

TNK-tPA 30 mg
(n = 1705)

TNK-tPA 40 mg
(n = 1457)

TNK-tPA 50 mg
(n = 73)

26 (1.5%) (1.0-2.2)
16 (0.94%) (0.5-1.5)
9 (0.5%) (0.2-1.0)
1 (0.1%) (0.0-0.3)
1 (0.1%) (0.0-0.3)

22 (1.5%) (0.9-2.3)
9 (0.62%) (0.3-1.2)
14 (1.0%) (0.5-1.6)
1 (0.1%) (0.0-0.4)
1 (0.1%) (0.0-0.4)

0 (0.0-4.9)
0 (0.0-4.9)
0 (0.0-4.9)
0 (0.0-4.9)
0 (0.0-4.9)

Total
(n = 3235)
48 (1.5%) (1.1-2.0)
25 (0.77%) (0.5-1.1)
23 (0.7%) (0.5-1.1)
2 (0.1%) (0.0-0.2)
2 (0.1%) (0.0-0.2)

Total stroke includes hemorrhagic, nonhemorrhagic, and cerebral infarction with hemorrhagic conversion. One patient in the 40-mg arm had both hemorrhagic and nonhemorrhagic strokes, and 1 patient in the 40-mg arm had both nonhemorrhagic and cerebral infarction with hemorrhagic conversion.
95% Confidence intervals are given in parentheses.

Table III. Subgroup analyses of rates of intracranial hemorrhage at 30 days
Treated
≤6 hours
>6 hours
Before protocol change
After protocol change

TNK-tPA 30 mg

TNK-tPA 40 mg

TNK-tPA 50 mg

Total

8/1440 (0.56%)
4/247 (1.61%)
4/248 (1.61%)
12/1457 (0.82%)

7/1200 (0.58%)
2/241 (0.83%)
—
9/1457 (0.62%)

0/57 (0)
0/15 (0)
0/71 (0)
0/2 (0)

15/2697 (0.56%)
6/503 (1.19%)
4/319 (1.25%)
21/2916 (0.72%)

Time to treatment was missing for some patients.

control design, a sample size of 1500 subjects per dosing
group provided 80% power to detect the difference between
the historic intracranial hemorrhage rate after tPA in GUSTO-1
(0.7%) and a rate of 1.5%, considered to be unacceptable.
Statistical analyses were performed on patients who
received any amount of study drug (safety population).

Conduct of the trial and quality assurance
The study protocol was approved by the Ethics Review
Committees of the participating hospitals.
An Operations Committee reviewed unblinded safety data
from this trial and from the TIMI-10B study.6 Particular attention
was given to the rates of intracranial hemorrhage.A Data and
Safety Monitoring Board conducted an unblinded interim analysis
of safety data from this trial and from TIMI-10B and of the coronary artery patency data from TIMI-10B when angiographic data
were available for 150 patients.Additional analyses by the Data
and Safety Monitoring Board were possible at the request of the
Operations Committee or if the lower boundary of the 95% CI for
the intracranial hemorrhage rate was ≥1.0%.An Event Review
Committee consisting of independent cardiologists and neurologists reviewed the documentation from each stroke event and
each death and remained blinded to the given treatment.

Results
Patient population
A total of 3301 patients was enrolled in the study, of
whom 3235 received the study drug (safety population): 1705 patients received 30 mg, 1457 received 40
mg, and 73 received 50 mg TNK-tPA.A total of 66
patients did not receive any study drug (22 randomly
assigned to 30 mg, 41 to 40 mg, and 3 to 50 mg TNKtPA).The reasons for not giving study medication were

death before study medication could be administered
(n = 2), decision not to give thrombolytic therapy (n =
29), or decision to administer another thrombolytic
agent (n = 35).

Compliance with study medications
All but 7 patients received intravenous heparin. One
patient (50 mg TNK-tPA group) received a bolus
heparin only and 27 patients did not receive a bolus but
were treated with an infusion only.The great majority of
the patients (96.4%) received at least 150 mg of oral or
100 mg of intravenous aspirin within 24 hours before
study drug administration.

Baseline characteristics and clinical outcomes at
30 days
Baseline characteristics and clinical outcomes are
reported for patients who received study medication
(safety population). Of the 3235 patients who
received study medication, 54 (1.6%) were withdrawn
from the study or were lost to follow-up.The available
clinical data of these 54 patients were included in the
safety analysis.
Baseline characteristics in the different treatment
groups were very similar and typical for a population
with an acute ST-segment elevation myocardial infarction submitted to thrombolytic therapy (Table I).
Stroke data are presented in Table II.Total stroke rate
at 30 days was 1.5%, a rate similar to that observed in
other large trials of thrombolytic therapy.An intracranial hemorrhage was observed in 25 patients within 30
days after treatment (0.77%). Eleven of these were fatal
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Table IV. Major clinical outcomes at 30 days
TNK-tPA
30 mg (n = 1705)

TNK-tPA
40 mg (n = 1457)

TNK-tPA
50 mg (n = 73)

Total
(n = 3235)

6.9
8.2
1.5
29.5
4.3
3.6
0.1
7.8

6.0
5.9
1.5
28.0
5.4
3.8
0.2
7.1

4.1
5.5
0
37.0
6.8
4.1
0
4.1

6.4
7.1
1.5
29.0
4.8
3.7
0.1
7.4

Death
Recurrent MI
Total stroke
Cardiac revascularization
Pulmonary edema
Cardiogenic shock
Anaphylaxis
Death or nonfatal stroke
Data are percentages of patients with an event.

Table V. Mortality rate and net clinical benefit at 30 days in the subgroup of patients treated within 6 hours after symptom onset
TNK-tPA
30 mg (n = 1440)

TNK-tPA
40 mg (n = 1200)

TNK-tPA
50 mg (n = 57)

Total
(n = 2697)

5.8
1.2
6.9

5.6
1.6
6.8

3.5
0
3.5

5.7
1.3
6.6

TNK-tPA
30 mg (n = 1705)

TNK-tPA
40 mg (n = 1457)

TNK-tPA
50 mg (n = 73)

Total
(n = 3235)

1.8
0.7
4.2
2.6

1.4
1.2
4.5
3.1

2.7
1.4
5.5
2.8

1.6
1.0
4.4
2.9

Death
Total stroke
Death or nonfatal stroke
Data are percentages of patients with an event.

Table VI. Bleeding complications and transfusions at 30 days

Severe bleeding event
Moderate bleeding event
RBC transfusion
Without CABG

Severe bleeding was defined as bleeding that causes hemodynamic compromise requiring intervention and transfusion; moderate bleeding was defined as bleeding that requires
transfusion but that does not lead to hemodynamic compromise.
Data are percentages of patients with an event.
CABG, Coronary artery bypass grafting; RBC, red blood cells.

(44%). No intracranial hemorrhage occurred in the 73
patients treated with 50 mg TNK-tPA, 16 in 1705
patients treated with 30 mg TNK-tPA (0.94%), and 9 in
1457 patients given 40 mg TNK-tPA (0.62%).
Lower rates of intracranial hemorrhage were
observed in those treated within 6 hours (compared
with those treated between 6 and 12 hours) and in
patients treated after the protocol change (compared
with those treated before) (Table III).
Major clinical outcomes in the total population and in
the subgroup of patients treated within 6 hours are
listed in Tables IV and V. In general, survival rates and
net clinical benefit (survival without stroke) were high,
especially in patients treated within 6 hours. No striking
differences were found between the 30 mg and 40 mg
TNK-tPA groups with the exception of a higher incidence of reinfarction in the 30 mg TNK-tPA group. In
the small group of patients treated with 50 mg TNK-tPA,
revascularization procedures were more often per-

formed, possibly because of the higher proportion of
US-enrolled patients (38.4%) compared with the other
treatment groups (16.1% and 17.6% for the 30 mg and
40 mg groups, respectively). Mortality rate in this small
group was low, and no strokes occurred.The incidence
of bleeding complications and the need for transfusions
were equally low in the 3 treatment groups (Table VI).

Discussion
This trial represents the largest phase II study ever
performed with a new thrombolytic agent.The rationale
for performing a large phase-II safety study is that
phase-II efficacy studies do not allow reliable evaluation
of the risk of bleeding complications associated with a
new thrombolytic regimen.The reasons are the small
sample size (typically 100 to 200 per treatment group)
and the extra risk of bleeding from the arterial access
and, more importantly, the frequent use of additional
antithrombotic therapies during the procedures.The
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last reason may explain the higher incidence of intracranial hemorrhage observed in nearly all angiographic trials testing new thrombolytic agents (including the
angiographic twin study of this trial,TIMI-10B) compared with the mortality trials subsequently performed
with the same agent.
In the total population of the trial the intracranial
hemorrhage rate was 0.77%.With the reduced dose of
heparin the rate was 0.72%, and in the subgroup of
patients treated within 6 hours of symptom onset the
rate was 0.56%.The reasons for the higher rate of
intracranial hemorrhage observed in patients treated
after 6 hours are unclear. In the Fibrinolytic Therapy Trialists’ overview only a slightly higher total stroke rate
during the first 24 hours (mainly from bleeding) was
observed in patients treated after 6 hours versus those
treated within 6 hours (0.63% vs 0.54%).8 Also, in the
GUSTO-I trial, multivariable regression did not identify
time to treatment as a significant predictor of intracranial hemorrhage.9 The higher mean age of the patients
treated after 6 hours (62.3 years vs 60.6 years) in this
trial may have played a role, as well as chance.The hemorrhagic stroke rates observed in our study are considered to be encouraging when compared with those
observed in recent large trials6,7 and in view of the 12%
proportion of patients >75 years of age treated.The incidence of serious bleeding complications in this study
and the proportion of patients who needed blood transfusion also compare favorably with the percentages
observed with accelerated tPA in the GUSTO trials.7,11
This trial was not a mortality trial, and no comparative
standard treatment arm was studied. Nevertheless, taking into account the baseline characteristics of the
patients studied, the observed death rates and net clinical benefits suggest that TNK-tPA in a single dose of 30
to 50 mg is likely to be as effective as accelerated infusion of tPA in other trials. Our clinical results are very
much supported by the angiographic findings of the
TIMI-10B study,6 the parallel phase II efficacy study with
TNK-tPA.This study showed similar TIMI grade 3 flow
rates at 90 minutes between accelerated tPA and 40 mg
TNK-tPA and a trend toward faster reperfusion with this
dose of TNK-tPA when TIMI frame counting is used to
evaluate reperfusion.This angiographic trial also demonstrated a dose/patient weight response:TIMI grade 3
flow was 62% to 63% for doses of approximately 0.5
mg/kg and higher versus 51% to 54% with lower weightcorrected dose.
On the basis of the results of this trial and the
patency data of TIMI-10B, a dose of approximately 0.5
mg TNK-tPA/kg was selected for testing against accelerated tPA in the phase III trial,Assessment of the Safety
and Efficacy of a New Thrombolytic:TNK-tPA (ASSENT2). In the latter study 16,500 patients with ST-segment
elevation acute myocardial infarction will be randomly
assigned with all-cause mortality at 30 days as the primary end point.

During the course of the current study, the dose of
heparin was reduced from an initial bolus of 5000 U in
all patients to a bolus of 4000 U in those with a body
weight of ≤67 kg. Patients received an infusion of 1000
U/hr (>67 kg) or 800 U/hr (≤67 kg).Adjustments of
the heparin infusion were required to begin with the
6-hour aPTT.This reduced and more careful heparin
dosing was associated with a lower incidence of
intracranial hemorrhage in the 30 mg TNK-tPA arm
and may be partly responsible for the low rate of hemorrhagic stroke observed after the protocol change.
The same reduced heparin dosing is being used in the
ASSENT-2 study.
In conclusion, the data from this large phase II trial,
together with the angiographic results from TIMI-10B,
suggest that TNK-tPA in a single dose of approximately
0.5 mg/kg is likely to be similarly effective and safe as
accelerated tPA.This hypothesis will be formally tested
in a large phase III trial,ASSENT-2.
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