Circulation

ORIGINAL RESEARCH ARTICLE ®

STREAM-2: Halt-Dose Tenecteplase or Primary
Percutaneous Coronary Intervention in Older
Patients With ST-Segment—Elevation Myocardial
Infarction: A Randomized, Open-Label Trial

Frans Van de Werf(, MD, PhD; Arsen D. Risti¢, MD, PhD; Oleg V. Averkov{®, MD, PhD; Alexandra Arias-Mendoza®, MD;
Yves Lambert, MD; José F. Kerr Saraiva'®, MD, PhD; Pablo Sepulveda‘®, MD; Fernando Rosell-Ortiz(, MD, PhD;

John K. French®@, MBChB, PhD; Ljilia B. Musi¢, MD; Katleen Vandenberghe, PhD; Kris Bogaerts(®, PhD;

Cynthia M. Westerhout®, PhD; Alain Pagés, MD; Thierry Danays®, MD; Kevin R. Bainey®, MD; Peter Sinnaeve, MD, PhD;
Patrick Goldstein, MD; Robert C. Welsh(, MD; Paul W. Armstrong®, MD; on behalf of the STREAM-2 Investigators

BACKGROUND: ST-segment—elevation myocardial infarction (STEMI) guidelines recommend pharmaco-invasive treatment if
timely primary percutaneous coronary intervention (PCI) is unavailable. Full-dose tenecteplase is associated with an increased
risk of intracranial hemorrhage in older patients. Whether pharmaco-invasive treatment with half-dose tenecteplase is
effective and safe in older patients with STEMI is unknown.

METHODS: STREAM-2 (Strategic Reperfusion in Elderly Patients Early After Myocardial Infarction) was an investigator-
initiated, open-label, randomized, multicenter study. Patients >60 years of age with 22 mm ST-segment elevation in 2
contiguous leads, unable to undergo primary PCI within 1 hour, were randomly assigned (2:1) to half-dose tenecteplase
followed by coronary angiography and PCI (if indicated) 6 to 24 hours after randomization, or to primary PCl. Efficacy end
points of primary interest were ST resolution and the 30-day composite of death, shock, heart failure, or reinfarction. Safety
assessments included stroke and nonintracranial bleeding.

RESULTS: Patients were assigned to pharmaco-invasive treatment (n=401) or primary PCl (n=203). Median times from
randomization to tenecteplase or sheath insertion were 10 and 81 minutes, respectively. After last angiography, 85.2% of
patients undergoing pharmaco-invasive treatment and 78.4% of patients undergoing primary PCI had >50% resolution of
ST-segment elevation; their residual median sums of ST deviations were 4.5 versus 5.5 mm, respectively. Thrombolysis In
Myocardial Infarction flow grade 3 at last angiography was =87% in both groups. The composite clinical end point occurred in
12.8% (51/400) of patients undergoing pharmaco-invasive treatment and 13.3% (27/203) of patients undergoing primary
PClI (relative risk, 0.96 [95% Cl, 0.62-1.48]). Six intracranial hemorrhages occurred in the pharmaco-invasive arm (1.5%): 3
were protocol violations (excess anticoagulation in 2 and uncontrolled hypertension in 1). No intracranial bleeding occurred
in the primary PCI arm. The incidence of major nonintracranial bleeding was low in both groups (<1.5%).

CONCLUSIONS: Halving the dose of tenecteplase in a pharmaco-invasive strategy in this early-presenting, older STEMI
population was associated with electrocardiographic changes that were at least comparable to those after primary PCI.
Similar clinical efficacy and angiographic end points occurred in both treatment groups. The risk of intracranial hemorrhage
was higher with half-dose tenecteplase than with primary PCI. If timely PCl is unavailable, this pharmaco-invasive strategy is
a reasonable alternative, provided that contraindications to fibrinolysis are observed and excess anticoagulation is avoided.
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Half-Dose Tenecteplase in Older STEMI Patients

Clinical Perspective

What Is New?

 This study demonstrates that in patients >60
years of age with ST-segment—elevation myo-
cardial infarction, half-dose tenecteplase in a
pharmaco-invasive strategy provides effective
reperfusion based on of the resolution of ST devi-
ations, angiographic results, and 30-day clinical
outcomes.

* The rate of intracranial hemorrhage was higher
than anticipated.

What Are the Clinical Implications?

* If timely percutaneous coronary intervention is
unavailable, the pharmaco-invasive strategy as
used in this study is a reasonable alternative in
older patients with ST-segment—elevation myo-
cardial infarction.

» Contraindications to fibrinolysis such as uncon-
trolled hypertension must be observed and
excess anticoagulation avoided to reduce the risk
of intracranial hemorrhage.

Delays in achieving timely reperfusion with either
fibrinolysis or primary percutaneous coronary interven-
tion (PCI) are well recognized to be associated with
excess death.” Contemporary ST-segment—eleva-
tion myocardial infarction (STEMI) guidelines indicate
that primary PCI is recommended for reperfusion of
STEMI when performed within 2 hours after first medi-
cal contact?® Because this goal is unattainable in the
majority of patients who present to non—PCl-capable
hospitals and the attendant delay results in increased
mortality,*” a pharmaco-invasive strategy is a recom-
mended alternative. In the STREAM-1 study (Strate-
gic Reperfusion Early After Myocardial Infarction), we
found that in patients with STEMI presenting within 3
hours of symptom onset, unable to attain PCI within
1 hour of first medical contact, a pharmaco-invasive
strategy resulted in similar rates of death, shock, heart
failure, or reinfarction, compared with primary PCI.8 An
excess of intracranial hemorrhage (ICH) in patients
>75 years of age in that study prompted an amend-
ment that halved the dose of weight-adjusted bolus
tenecteplase; no subsequent intracranial bleeding
occurred in 97 patients so treated. A review of bleed-
ing complications with full-dose tenecteplase and
alteplase in the ASSENT (Assessment of the Safety
of a New Thrombolytic) and STREAM-1 trials in nearly
24000 patients revealed increasing rates of intra-
cranial and major nonintracranial bleeding starting at
~60 years of age.®'® Hence, in the current study, we
explored whether half-dose tenecteplase is an effec-
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Nonstandard Abbreviations and Acronyms

ASSENT Assessment of the Safety of a New

Thrombolytic
ICH intracranial hemorrhage
PCI percutaneous coronary intervention
STEMI ST-segment—elevation myocardial
infarction

STREAM Strategic Reperfusion Early After
Myocardial Infarction

TIMI Thrombolysis In Myocardial Infarction

tive and safe pharmaco-invasive treatment in older
patients with STEMI, presenting within 3 hours of
symptom onset, and unable to undergo primary PCI
within 1 hour. Standard primary PCI was the reference
reperfusion treatment.

METHODS
Data Availability Statement

After 2 years have elapsed from the time of the publication,
requests for STREAM-2 trial (Strategic Reperfusion in Elderly
Patients Early After Myocardial Infarction) data will be consid-
ered by the executive committee provided that the data are
requested in writing by qualified researchers with an outline
of proposed objectives that address any potential conflicts of
interest. Data sharing will be accompanied by an expectation
that any outcomes will be shared with the STREAM-2 execu-
tive committee, which reserves the right to review any proposed
publication of the work.

Patients
The current study was an investigator-initiated, open-label, pro-
spective, randomized, multicenter trial conducted in 49 centers
in 10 countries. The final version of the full protocol (version
5) is available at https://www.clinicaltrials.gov. The list of com-
mittees and local investigators is provided as Supplemental
Material. The study was sponsored by the University of Leuven
(KU Leuven), Belgium, and funded in part by Boehringer-
Ingelheim, which had no role in the study design or data collec-
tion, analysis, and interpretation, but was given the opportunity
to review the manuscript for medical and scientific accuracy.
The trial was performed in accordance with the Declaration
of Helsinki principles. The protocol was approved by national
regulatory authorities and local ethics committees at each of
the participating centers and has been published previously.®
Whereas the original protocol included patients >70 years
of age, slow recruitment prompted an amendment to include
patients 260 years of age, further informed by our previous
analysis of excess bleeding starting around this age.® Hence, in
the current study, patients 260 years of age, weighing 255 kg,
and presenting within 3 hours after symptom onset with elec-
trocardiographic evidence of STEMI (ST-segment elevation of
at least 2 mm in 2 contiguous leads) were eligible for random-
ization if they were unable to undergo primary PCI within 1 hour
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but before 3 hours after first medical contact. A list of inclusion
and exclusion criteria is provided as Supplemental Material. All
patients provided informed consent.

Randomization, Study Design, and Organization
Patients were randomly assigned (ratio 2:1) to either a phar-
maco-invasive strategy or primary PCl by using an interactive
voice response or web-based system. Patients assigned to
prehospital pharmaco-invasive treatment in ambulances or at
community hospitals received half-dose, weight-adjusted bolus
tenecteplase (details provided as Supplemental Material), 150
to 3256 mg of aspirin, 300 mg of clopidogrel, and 0.75 mg/
kg of subcutaneous enoxaparin, and an additional intrave-
nous dose of 30 mg in patients <75 years (after amendment).
Depending on successful reperfusion 60 to 90 minutes after
bolus tenecteplase, defined as 260% ST resolution in the ECG
lead with maximum ST-segment elevation and clinical stabil-
ity, coronary angiography was undertaken 6 to 24 hours after
randomization. Rescue PCl was performed if failed reperfusion
occurred on the basis of insufficient ST resolution or clinical
instability. Patients randomly assigned to primary PCI were
to receive aspirin, a P2Y12 antagonist, and anticoagulants,
according to local care guidelines.

Study data were collected with an electronic record form
and sent to the Biostatistical Center of KU Leuven for indepen-
dent statistical analysis. All ECGs were interpreted by experi-
enced personnel blinded to clinical outcomes at the Canadian
VIGOUR Center core ECG laboratory, University of Alberta,
according to methods described previously."* A minimum of
one on-site monitoring per site was performed during the trial.
All stroke cases were monitored and centrally adjudicated.

Outcomes

The efficacy end points of primary interest were reperfusion effi-
cacy based on the proportion of patients with >60% ST-segment-—
elevation resolution in the lead with worst ST-segment elevation,
resolution of ST deviations (in percentages and in millimeters)
after last angiography, and the composite of all-cause mortality,
shock, heart failure, and reinfarction at 30 days.

Other efficacy end points of interest were investigator-
reported Thrombolysis In Myocardial Infarction (TIMI) flow grade
at first and last coronary angiography and incidence of aborted
myocardial infarction (definition provided as Supplemental
Material). The need for rescue PCl is centrally adjudicated by
the ECG core laboratory. Safety evaluation was based on the
occurrence of stroke and nonintracranial bleeding.

Statistical Analysis

Approximately 600 patients were initially planned to be ran-
domly assigned, with 400 patients receiving a pharmaco-inva-
sive treatment and 200 receiving primary PCl. After 50% of
the planned recruitment, a formal interim analysis by the data
monitoring committee was prespecified to advise the executive
committee on extending the study into a confirmatory trial with
a primary hypothesis on the combined clinical end point at 30
days (the same primary clinical end point as in STREAM-1). On
December 10, 2020, the data monitoring committee did not
formally recommend a trial expansion after reviewing data from
326 patients. Issues associated with slower-than-anticipated
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recruitment, the emergence of the COVID-19 pandemic, and
limitations of funding further precluded this extension.

In the statistical analysis plan (available on https://www.clin-
icaltrials.gov), we identified ST resolution after last angiography
and the composite of death, heart failure, shock, and reinfarc-
tion within 30 days as the efficacy end points of primary inter-
est. Although the study is not powered to show a difference in
clinical events, we presumed the older nature of the population
would provide ample efficacy and safety events to assess. On
the basis of the 30-day outcomes in patients 260 years of age
in STREAM-1, we estimated an 18% to 20% composite event
rate of death, shock, heart failure, and reinfarction.? We chose
a 2:1 randomization strategy to enhance comparison with the
half-dose treatment used after amendment in STREAM-1.

Baseline characteristics according to assigned treatment
are reported as means=SD, medians and interquartile ranges,
or numbers and percentages, as appropriate. Time differences
in the study treatment arms (eg, time from randomization to
bolus tenecteplase or sheath insertion) are compared by
means of a Wilcoxon rank sum test. Successful ST-segment—
elevation resolution (=60%) after last angiography is reported
as observed event rates per assigned treatment arm and com-
pared by calculating relative risk with 2-sided 95% Cls obtained
by means of a Poisson regression model with robust error vari-
ance. ST-deviation resolution in millimeters and percentages
after last angiography is reported as the median (Q1-Q3)
and compared by the Wilcoxon rank sum test. TIMI flow grade
before and after PCl is reported per assigned treatment and
compared by the Cochran-Armitage test for trend.

The clinical efficacy end points (ie, composite and its com-
ponents) and safety end points at 30 days are reported as
obtained by means of a Poisson regression model with robust
error variance. Subgroup analyses of the treatment effect within
selected patient characteristics at randomization were prespec-
ified for the clinical composite efficacy end point (ie, interac-
tions tested and Pvalues reported). The treatment according to
the composite clinical end point is also expressed as Kaplan-
Meier curves, and the log-rank test is reported. An observed
case analysis was performed except for analyses in which there
was a proportion of missing data of >1%, for which a multiple
imputation analysis using 100 imputations was performed. The
imputation model used baseline characteristics together with
all single efficacy (with the exception of sum of ST deviations)
and safety end points. The statistical analysis plan was finalized
on November 17, 2022, before the lock of the trial database on
December 28, 2022.

All analyses were performed on an intention-to-treat basis
with SAS software, version 9.4.

A prespecified per-protocol analysis was also performed. In
this analysis, 33 patients (24 in the pharmaco-invasive and 9
in the primary PCI group) were excluded. Because the results
were similar, only the intention-to-treat analysis is reported here.

RESULTS

Characteristics of the Patients and Times to
Treatment

Between August 1, 2017, and September 12, 2022, a
total of 609 patients were randomly assigned at 49 sites.

August 29, 2023 755
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All b patients from one center were excluded because
of falsified reporting (Figure 1). Of the remaining pa-
tients, 401 were allocated to a pharmaco-invasive strat-
egy, and 203 were allocated to primary PCl. Baseline
characteristics were well balanced (Table 1). The mean
age was 70.5 years; 166 patients (27.5%) were >75
years of age. Nearly one-third were women, and comor-
bidities commensurate with this older STEMI population
were evident in the median TIMI risk score of 4 in both
groups. The number of patients randomly assigned pre-
hospital in ambulances (286/603; 47.4%) was similar
to the proportion from community hospitals (317/603;
52.6%). Overall median times from symptom onset to
randomization were 97 minutes for pharmaco-invasive
and 92 minutes for primary PCI patients (Table 1). The
corresponding median times from symptom onset to
randomization in the cohorts of patients randomly as-
signed in ambulances and community hospitals are also
listed in Table 1. Bolus tenecteplase was given 10 min-
utes (median) after randomization, and arterial sheath
insertion occurred after 81 minutes in the primary PCI
arm. Whereas patients randomly assigned to pharma-
co-invasive treatment received tenecteplase within 10
minutes, irrespective of their randomization location, the
time to sheath insertion was shorter for patients under-
going PCI randomly assigned in an ambulance versus
community hospital (medians of 65 versus 110 minutes,
respectively).

Half-Dose Tenecteplase in Older STEMI Patients

Efficacy and Safety End Points

In Table 2, ECG results are shown. At baseline, the abso-
lute amount of ST-segment elevation in the lead show-
ing the greatest ST-segment elevation, and the extent
of ST deviations in all leads, as well, was similar in the 2
treatment groups. Repeat ECG assessment 90 minutes
(median, Q1-Q3: 80-93) after tenecteplase indicates
that 70.3% of the patients receiving pharmaco-invasive
treatment achieved >50% resolution in the lead with the
greatest ST-segment elevation, of which its median de-
clined from 3.0 to 1.0 mm, and the median amount of ST
deviations declined from 15.0 to 6.6 mm. Comparison of
the 2 treatment groups at the prespecified times early
after PCl or last angiography (if no PCl was performed)
showed that 85.2% versus 78.4% of the patients in the
pharmaco-invasive versus primary PCl arms achieved
>50% ST-segment—elevation resolution. Values for the
worst single-lead absolute residual ST-segment eleva-
tion, residual ST deviations, and proportion of ST-devi-
ation resolution relative to their baseline ECG were at
least comparable at these times. Angiographic data are
also shown in Table 2. Investigator-reported TIMI flow
grade 3 after tenecteplase in the pharmaco-invasive
group was 53.8% versus 18.9% before primary PCI. Af-
ter PCI or at the last angiography, similar TIMI-3 flow
grades of ~87% were observed in both groups (Table 2).
In 168 (42.2%) patients randomly assigned to a phar-
maco-invasive strategy, investigators performed urgent

Randomized
n=609

Excluded (n=5)
All patients from 1 center

because of falsified data reporting

Y

A

Intention to treat population
Randomized to pharmaco-invasive group
n=401

Intention to treat population
Randomized to Primary PCI
n=203

Consent withdrawn (n=1)
for 30-day follow-up data

v

Intention to treat population
Pharmaco-invasive group
ECG endpoints available
n=358
30-day endpoints available
n=400

Intention to treat population
Primary PCI
ECG endpoints available
n=190
30-day endpoints available
n=203

Figure 1. Trial profile.
PCl indicates percutaneous coronary intervention.
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Table 1. Characteristics of the Patients at Baseline and Key Time Intervals

Pharmaco-invasive Primary PCI
Characteristics strategy (n=401) (n=203) P value
Age
Mean, y 70%8 7118
>75 years, n (%) 112 (27.9) 54 (26.6)
Female sex, n (%) 131 (32.7) 66 (32.5)
Weight, kg 79+14 80+17

Killip class, n/total n (%)

368/397 (92.7) 185/202 (91.6)

171

28/397 (7.1) 16/202 (7.9)

\" 1/397 (0.3) 1/202 (0.5)
Heart rate, beats/min 76118 75+17
Systolic blood pressure, mmHg 135+23 134+24
Infarct location, n/total n (%)

Anterior 168 (41.9) 92 (45.3)

Inferior 231 (57.6) 111 (565.0)

Other 30 (7.5) 12 (5.9)
Cardiovascular history, n/total n (%)

Previous heart failure 5/394 (1.3) 2/199 (1.0)

Previous PCI

35/395 (8.9) 18/200 (9.0)

Previous myocardial infarction

49/396 (12.4) 25/199 (12.6)

Hypertension

262/400 (65.5) 136/200 (68.0)

Diabetes 101/394 (25.6) 42/198 (21.2)
TIMI risk score 4 (2-5) 4 (3-5)
Median time delays (Q1-Q2), min
Symptom onset to randomization 97 (71-131) 92 (62-130) 0.47
Ambulance 91 (64-128) 81 (65-125) 0.27

Community hospital

102 (75-134) 102 (71-134) 0.94

Symptom onset to PCI hospital admission

181 (138-228) 165 (117-211) 0.006

Symptom onset to start of reperfusion treatment (tenecteplase or sheath insertion) | 110 (80-142)

190 (142-238) | <0.001

Qualifying ECG to start of reperfusion treatment (tenecteplase or sheath insertion) | 25 (16-35) 99 (75-140) <0.001

Randomization to PCI hospital admission 77 (38-112) 70 (29-105) 0.02

Randomization to start reperfusion treatment (tenecteplase or sheath insertion) 10 (6-16) 81 (59-120) <0.001
Ambulance 10 (5-16) 65 (52-81) <0.001
Community hospitals 10 (6-16) 110 (78-136) <0.001

PCl indicates percutaneous coronary intervention; and TIMI, Thrombolysis In Myocardial Infarction

*Values are means + SD, medians (Q1-Q3), or numbers (%).

angiography for possible rescue PCl at a median time
of 142 minutes from randomization. The combined clini-
cal efficacy end point at 30 days occurred in a similar
proportion of patients in the pharmaco-invasive (12.8%)
and primary PCI group (13.3%; relative risk, 0.96 [95%
Cl, 0.62-1.48]; Table 3). The time to the first event of
the composite clinical end point revealed similar find-
ings for both groups (Figure 2). In only one patient, vital
status at 30 days was unavailable (consent withdrawal).
All-cause and cardiac deaths were 9.3% and 7.3% in
the pharmaco-invasive and 8.9% and 8.4% in the PCI
arm, respectively. Three of the noncardiac deaths in the

Circulation. 2023;148:753-764. DOI: 10.1161/CIRCULATIONAHA.123.064521

pharmaco-invasive arm were related to ICH; 4 were re-
lated to respiratory infection, and the cause of death in
one patient was unknown; the noncardiac death in the
PCl arm was also related to respiratory infection. Al-
though cardiogenic shock and heart failure were nomi-
nally less in the pharmaco-invasive group, no significant
differences were evident in any of the single clinical end
points. Aborted myocardial infarction was uncommon
and occurred in 4% of the patients in both groups. In
Figure 3, the prespecified subgroups demonstrate out-
comes similar to the overall results, except that there
was a lower incidence of the composite end point in the
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Table 2. ECG Measurements by Core Laboratory and Investigator-Reported Angiographic Outcomes

ECG measurements Pharmaco-invasive strategy | Primary PCI P value
Baseline ECG
No. of patients with baseline ECG 401 203
Time symptom onset to qualifying ECG, min 77 (63, 113) 75 (47,115) 0.51
Worst-lead ST-segment elevation, mm 3.0 (2.0, 4.0) 3.0 (2.0, 4.5) 0.79
Sum ST deviations, mm 15.0 (10.0, 20.5) 15.0 (11.0, 21.5) 0.23
ECG after bolus tenecteplase
No. of patients with paired baseline ECGs 380 -
Time symptom onset to posttenecteplase ECG, min 195 (165, 228) -
Worst-lead ST-segment elevation, mm* 1.0 (0.0, 2.0) -
Worst-lead ST-segment elevation resolution >50%, n./total n (%) 265/377 (70.3) -
Sum of residual ST deviations, mm* 6.5 (3.5, 12.0) -
ST-deviation resolution, %* 53 (20, 75) -
ECG after last angiography (if no PCI performed) or PCI
No. of patients with paired baseline ECGs 366 193
Time symptom onset to postangiography or PCI ECG, min 524 (315, 1180)t 263 (210, 316) <0.001
Worst-lead ST-segment elevation, mm# 1.0 (0.0, 1.5) 0.5 (0.0, 2.0) 0.27
Worst-lead ST-segment-elevation resolution >50%, n/total n (%) 305/358 (85.2) 149/190 (78.4) 0.05
Sum of residual ST deviations, mm& 4.5 (2.5, 8.0) 5.5 (2.5, 10.5) 0.02
ST-deviation resolution, %8§ 71 (46, 84) 62 (36, 82) 0.03
TIMI blood flow]|
Before PCI:
0 80/374 (21.4) 111/190 (58.8) <0.001
1 27/374 (7.0) 13/190 (6.8)
2 65/374 (17.8) 30/190 (15.5)
3 202/374 (53.8) 36/190 (18.8)
After PCI
0 7/376 (3.2) 4/195 (2.8) 0.74
1 5/376 (1.3) 0/195 (0.5)
2 32/376 (8.2) 20/195 (10.3)
3 332/376 (87.3) 171/195 (86.9)
Rescue PCI or urgent angiography, n/total n (%) 168/398 (42.2) NA
Radial artery access, n/total n (%) 362/385 (94.0) 182/199 (91.5) 0.24
PCI, n/total n (%) 345/401 (86.0) 186/203 (91.6) 0.05
Stents placement, n/total n (%) 335/344 (97.4) 178/186 (95.7) 0.18
Index hospitalization coronary artery bypass grafting, n/total n (%) 9/401 (2.2) 4/203 (2.0) 1.00

NA indicates not applicable; PCI, percutaneous coronary intervention; and TIMI, Thrombolysis In Myocardial Infarction.

“Based on 377 patients with data.

tInclude patients with rescue and scheduled angiography and PCI.
$Based on 358 and 190 patients with data, respectively.

§Based on 357 and 190 patients with data, respectively.

|[Percentages and Pvalues are obtained from a multiple imputation analysis. In case only one coronary angiography was performed, the TIMI
flow measurement was used for both the first and the last coronary angiography.

pharmaco-invasive group randomly assigned within 1
hour of symptom onset (P __ . =0.004).

The safety data within 30 days are reported in Table 3.
A total of 10 strokes occurred. Six ICHs were observed
in the pharmaco-invasive arm (1.5%), of which 3 were
fatal (0.75%). None of the ICHs occurred in patients >75
years of age; their ages ranged from 60 to 74 years, and
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3 were women. More detailed information on the strokes
is shown in Table 4. Major protocol violations were found
in 3 of these patients: in 2 patients, therapeutic doses
of unfractionated heparin were given during rescue PCI
despite full-dose intravenous and subcutaneous enoxa-
parin being given shortly before, at the time of randomiza-
tion; uncontrolled hypertension was present in the third
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Table 3. Clinical Efficacy and Safety End Points at 30 Days

Pharmaco-invasive strategy | Primary PCI (n=203),
End points (n=401), n/total n (%) n/total n (%) Relative risk (95% CI)
Clinical efficacy end points
Composite clinical efficacy end point: death, | 51/400 (12.8) 27/2083 (13.3) 0.96 (0.62-1.48)
heart failure, shock, reinfarction at 30 days
Death from any cause 37/400 (9.3) 18/2083 (8.9) 1.04 (0.61-1.79)
Cardiogenic shock 18/400 (4.5) 11/203 (5.4) 0.83 (0.40-1.72)
Heart failure 14/400 (3.5) 9/203 (4.4) 0.79 (0.35-1.79)
Reinfarction 10/400 (2.5) 5/203 (2.5) 1.02 (0.85-2.93)
Death from cardiac causes 29/400 (7.3) 17/203 (8.4) 0.87 (0.49-1.54)
Rehospitalization for cardiac causes 6/400 (1.5) 1/203 (0.5) 3.04 (0.37-25.12)
Safety end points
Total stroke 9/400 (2.3) 1/203 (0.5) 4.57 (0.58-35.80)
Intracranial hemorrhage* 6/400 (1.5) 0/203 (0.0) 6.61 (0.81-53.89)
Ischemic stroke 3/400 (0.8) 1/203 (0.5) 1.52 (0.16-14.54)
Major nonintracranial bleeding 5/400 (1.3) 2/203 (1.0) 1.27 (0.25-6.48)
Blood transfusion 2/400 (0.5) 1/203 (0.5) 1.01 (0.09-11.13)

Calculations are based on available data. Data are numbers (%).
“Three intracranial hemorrhages were fatal.

patient. There was no ICH in the primary PCI group. Three
ischemic strokes occurred in the pharmaco-invasive
group (0.75%) and one in the primary PCl arm (0.5%).
The incidence of major nonintracranial bleedings and the
need for blood transfusion was low in both groups.

DISCUSSION

In this investigator-initiated study, patients with STEMI
>60 years of age who presented within 3 hours after
symptom onset, unable to undergo primary PCl within 1
hour, assigned to receive a pharmaco-invasive treatment
of half-dose tenecteplase, showed rates of resolution of
ST-segment elevation and deviation at least as extensive
as those in patients in the primary PCl arm. Resolution
of ST-segment elevation and deviation has been used in
previous studies to evaluate the success of reperfusion
treatment.”®'” The current ECG results demonstrate the
efficacy of the pharmaco-invasive treatment we used. In-
dependent core ECG readings affirmed comparable evi-
dence of ischemia at baseline in both groups. The current
results are well aligned with our finding of similar clinical
efficacy outcomes in the 2 study arms. It is noteworthy
that despite nearly identical TIMI-3 epicardial flows at
final angiography, the ECG data raise the possibility of
enhanced myocardial perfusion in the pharmaco-invasive
arm. A difference between angiographic findings and the
amount of ST resolution has been previously observed:
even in the presence of TIMI grade 3 flow, ST resolu-
tion has shown better alignment with a prognosis that
was presumed to be related to effects on microvascular
obstruction.” It could be argued that the different as-
certainment times for evaluating changes in ST resolu-
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tion between the treatment groups were advantageous
for pharmaco-invasive patients by allowing more time
for favorable ST-evolution. In this regard, it is noteworthy
that Wong et al'® found that ST resolution after either
fibrinolysis or primary PCl had a similarly good prognos-
tic relationship to 30-day mortality: that finding was not
influenced by the timing of the postreperfusion ECG.
In addition, in a large registry comparing a pharmaco-
invasive strategy with primary PCI, greater resolution of
both ST-segment elevation and deviation was also dem-
onstrated with pharmaco-invasive therapy, assessed at
similar postreperfusion times: these findings were also
associated with a lower incidence of all-cause death,
shock, heart failure, and recurrent myocardial infarction
(multivariable adjusted) at 1 year? It is of interest to re-
late our findings to those of the EARLY-MYO trial (Early
Routine Catheterization after Alteplase Fibrinolysis Ver-
sus Primary PCl in Acute ST-Elevation Myocardial Infarc-
tion), which compared half-dose alteplase as part of a
pharmaco-invasive strategy to primary PCl in 334 low-
risk Chinese patients with STEMI 18 to 75 years of age
within 6 hours or symptom onset?' Despite somewhat
longer median times from symptom onset to pharmaco-
invasive therapy (210 minutes) and primary PCI (280
minutes) than we report in the current study, they also
demonstrated better epicardial and myocardial tissue
reperfusion with pharmaco-invasive treatment than with
primary PCl using angiographic measurements.

In 42.2% of the patients in the pharmaco-invasive
arm, investigators performed urgent angiography at
a median time of 142 minutes after randomization. A
lower rate of urgent intervention was observed in the
STREAM-1 study: 36.3%.28 Whether all these patients
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Figure 2. Kaplan-Meier curves for the composite clinical efficacy end point within 30 days.
The clinical efficacy end point of primary interest was a composite of death from any cause, shock, heart failure, or reinfarction within 30 days
(P=0.83 by the log-rank test). The inset shows the same data on an enlarged y axis. PCl indicates percutaneous coronary intervention.

had insufficient ST resolution after tenecteplase or other
indications for rescue intervention will be analyzed in a
subsequent article. Access to urgent-rescue PCl remains
a key part of a pharmaco-invasive strategy.

It is important to underscore that reperfusion ther-
apy was started expeditiously in both arms of the cur-
rent trial that included an evenly balanced distribution of
ambulance and community hospitals. Median time from
randomization to bolus tenecteplase was 10 minutes.
Despite excluding patients who were able to undergo PCI
within 1 hour, the median time from qualifying ECG to
commencing PCl was 99 minutes (median). Moreover, as
recommended by guidelines and evident from the upper
quartile of time from qualifying ECG to sheath insertion
(Table 1), PCl was commenced within 120 minutes of the
diagnostic ECG in the majority of patients undergoing
PCI. Although previous work showed a longer PCl-related
delay in patients presenting to community hospitals,?
we found that this additional delay to PCI increased by
an average of 45 minutes beyond that in patients ran-
domly assigned in ambulances (median times 110 ver-
sus 65 minutes), emphasizing the continuing challenge
in accessing timely PCI even in developed STEMI net-
works. It is noteworthy that the population randomized in
our study was >10 years older (with 27.5% of patients
>75 years of age) and at a higher risk than in STREAM-1.
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In STREAM-1, the median TIMI scores were 2.0 in both
treatment groups, whereas the TIMI scores were double
those in the present study. Although the combined clini-
cal outcome of death, shock, heart failure, or reinfarction
at 30 days was very similar in both studies, mortality was
twice as high, whereas heart failure occurred about half
as commonly as in STREAM-1, thereby counterbalanc-
ing the overall event rates. The rates of aborted infarction
were equal in both treatment groups and far lower than
observed in STREAM-1: this likely relates to our previ-
ous use of creatine kinase and creatine kinase-MB as the
default biomarker strategy, whereas cardiac troponin was
used in the current study. Four of the noncardiac deaths
in the pharmaco-invasive group and one in the primary
PCI group were related to respiratory failure at the height
of the COVID-19 pandemic.

The use of half-dose tenecteplase with improved anti-
thrombotic treatment in the pharmaco-invasive strategy,
more frequent use of radial access (>90% in both groups),
and advances in interventional technologies may have
contributed to the lower-than-anticipated and comparable
clinical efficacy outcomes and low incidence of major non-
intracranial bleeding in our higher-risk population.

Our finding of improved clinical outcome with a phar-
maco-invasive treatment in the prespecified early patient
cohort presenting within 1 hour after symptom onset is
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AII-Causg Death, Shock, ) —
E;taodg:;%? or Reinfarstion Pharmaco-Invasive  Primary PCI Relative Pharmaco-Invasive | Primary PCI E
(N =401) (N =203) Risk Better | Better E
=
Overall Event Rate 51/400 (12.8%)  27/203 (13.3%) 0.96(0.62; 1.48) H E
Age [years] (Interaction: p=0.56) E
<=75 271297 (9.1%) 13/153 ( 8.5%) 1.07 (0.57; 2.01) —H- =
>75 24/103 (23.3%)  14/50 (28.0%) 0.83(0.47; 147) —E—
Time to Randomisation [hours] (Interaction: p=0.004)
0-<1 1/70(1.4%) 9/ 48 (18.8%) 0.08 ( 0.01; 0.58)
1-<2 31/205 (15.1%) 8/ 89 (9.0%) 1.68 (0.81; 3.51) H+8—
>=2 191125 (15.2%) 10/ 66 (15.2%) 1.00 ( 0.50; 2.03)
Sex (Interaction: p=0.84)
Male 29/269 (10.8%) 16/137 (11.7%) 0.92(0.52; 1.64)
Female 22/131 (16.8%) 11/66(16.7%) 1.01(0.52; 1.95)
Systolic Blood Pressure [mmHg] (Interaction: p=0.49)
<100 2/17 (11.8%) 2/ 13 (15.4%) 0.76 (0.12; 4.73) —_—
100 - 139 29/192 (15.1%) 19/ 97 (19.6%) 0.77 (0.46; 1.30) B
140 - 159 12/119 (10.1%) 3/ 53 (5.7%) 1.78 (0.52; 6.05) —t—
>=160 8/71(11.3%) 3139 (7.7%) 146 (0.41; 5.21) ——
Killip Class (Interaction: p=0.82)
1 41/367 (11.2%) 21/185(11.4%) 0.98 ( 0.60; 1.62) -
-1V 9/ 29 (31.0%) 6/ 17 (35.3%) 0.88(0.38; 2.04) —
Infarct Location (Interaction: p=0.60)
Anterior 30/168 (17.9%)  14/92 (15.2%) 1.17 (0.66; 2.10) —=—
Inferior 19/222 ( 8.6%) 12108 (11.1%) 0.77 ( 0.39; 1.53) = o
Other 2/ 10 (20.0%) 1/ 3(33.3%) 0.60 ( 0.08; 4.54) —
Hypertension (Interaction: p=0.45)
Yes 40/261 (15.3%) 19/136 (14.0%) 1.10(0.66; 1.82) -
No 11/138 ( 8.0%) 7/ 64 (10.9%) 0.73(0.30; 1.79) —B—
Diabetes (Interaction: p=0.32)
Yes 16/101 (15.8%) 10/42(23.8%) 0.70(0.35; 1.41) —a
No 32/292 (11.0%) 16/156 (10.3%) 1.08(0.62; 1.87) =
Weight [kg] (Interaction: p=0.31)
<60 4/ 28 (14.3%) 0/10 ( 0.0%) 3.41(0.41; 28.56) —
>=60-90 36/283 (12.7%) 221149 (14.8%) 0.86 (0.53; 1.41) Hh
>=90 9/ 86 (10.5%) 3142 (7.1%) 147 (0.42; 5.13) —ie—
Place of Randomisation (Interaction: p=0.48)
Ambulance 26/194 (13.4%)  15/92 (16.3%) 0.82 (0.46; 1.48) —E—
Community Hospital 25/205 (12.2%) 12111 (10.8%) 1.13(0.59; 2.16) —H—
TIMI Risk Score (Interaction: p=0.06)
<5 19/289 ( 6.6%) 13M133(9.8%) 062(0.32; 1.21) =i
>=5 32/107 (29.9%) 12/67 (17.9%) 1.56 ( 0.89; 2.76) =g
] T T T T 1
Numbers represent the observed frequencies. Percentages, relative risks, 01 01 051 510 30
95% confidence intervals and p-values are obtained from the multiple imputation
analyses, if applicable.
The size of the square is proportional to the sample size.

Figure 3. Subgroup analyses for the composite clinical end point.
PClindicates percutaneous coronary intervention; and TIMI, Thrombolysis In Myocardial Infarction.

well aligned with the classic finding of a “golden hour”in  the value of very early treatment?® and consistent with
a meta-analysis of placebo-controlled trials of fibrinolytic ~ observations of better dissolubility of recently formed
therapy in >b0000 patients with STEMI, underscoring  thrombi.2*
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Table 4. Detailed Information on Patients Experiencing Stroke

Half-Dose Tenecteplase in Older STEMI Patients

Fatal or
Blood Enoxaparin | Clopidogrel modified
Weight, | pressure, | Tenecteplase | Enoxaparin | first SC initial dose, | Unfractionated | Day of | Days to | ranking
Sex Age,y | kg mmHg dose. mg 30 mg IV dose, mg mg heparin, IlU stroke | death scale
Intracranial hemorrhages
Male 66 82 110/54 225 No 60 300 No 2 Grade 5
Male 61 71 125/84 20.0 Yes 60 300 5000 during 1 8 Fatal
rescue PCI
Female | 72 68 160/90 175 Yes 60 <300 7000 during 2 2 Fatal
rescue PCI
Female | 60 80 170/100 225 Yes 80 300 No 1 Grade 4
Male 73 59 145/75 175 No 50 300 No 1 2 Fatal
Female | 74 63 174/117 175 yes 63 300 no 2 Grade 2
Ischemic strokes
Male 61 80 115/103 20 60 300 Pre-PCI 15 Grade 3
hospital
Male 63 82 125/85 20 Yes 82 300 No 8 Grade 1
Male 71 83 100/60 22.5 yes 80 300 No 2 Grade 0
Female* | 66 78 160/100 NA NA NA NA No 1 Grade 4

NA indicates not applicable; and PCl, percutaneous coronary intervention.
“Patient was randomly assigned to primary PCI.

Although the rate of ICH with half-dose tenecteplase
was higher than we anticipated, its exclusive occur-
rence in patients <75 years of age is noteworthy. More
detailed analysis of the cases underscores the hazard of
excess anticoagulant treatment with heparin and enoxa-
parin and the need to avoid fibrinolysis when uncon-
trolled hypertension coexists. It also reinforces the need
for clear and timely communication regarding given
treatments between various members of the health
care team when rapid transitions in STEMI care unfold.
Unlike in STREAM-1, we used an early loading dose of
300 mg of clopidogrel in the current study in addition
to half-dose tenecteplase and anticoagulant therapy in
patients 275 years of age, as previously described by
Larson et al.®

Our study has some limitations. Despite nominally
similar clinical composite end points in the 2 treat-
ment groups, the broad 95% Cls do not allow statisti-
cal confirmation of similarity of the 2 treatment groups.
We cannot discriminate why the ICH rate we observed
was higher than anticipated despite the use of half-dose
tenecteplase, but major protocol violations in half of the
cases were probably contributing factors. This study was
necessarily unblinded, and we cannot exclude bias in
investigator reporting. However, the core ECG laboratory
measures were conducted without knowledge of clinical
outcomes. Because of the differences in elapsed time of
acquiring the postangiogram ECG data, we cannot rule
out some natural evolution in some of the ST-segment
changes in the pharmaco-invasive group. The signifi-
cant improvement in both the conventional and the more
robust ECG estimates of myocardial reperfusion by the
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ECG core laboratory is reassuring support for the clini-
cal efficacy end points of the pharmaco-invasive strategy
studied in this trial. Our results are applicable to early
presenting patients with STEMI unable to undergo PCI
within 1 hour of first medical contact.

In summary, provided that contraindications to fibri-
nolysis are observed and excess anticoagulation is
avoided, a pharmaco-invasive treatment as used in this
trial is an effective reperfusion strategy in older, early
presenting patients with STEMI. Finally, our study con-
firms that primary PCI can be effectively and safely per-
formed in this population. Both reperfusion therapies
appear to be legitimate options in appropriately selected
patients within a global context in which it is not possible
to achieve timely PCI.
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