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Sex Differences in Outcomes After 
Tenecteplase for Minor Stroke: A 
Subanalysis of the TEMPO-2 Trial
Amy Y. X. Yu , MD; Shabnam Vatanpour , PhD; Aravind Ganesh , MD; Thalia S. Field , MD; 
Philip A. Barber , MD; Philip M. C. Choi , MBChB; Brian Buck , MD; Timothy Kleinig , MD; 
Carlos A. Molina , MD; Bruce C. V. Campbell , PhD; Ramana Appireddy , MD; Keith W. Muir , MD; 
Michael D. Hill , MD; Shelagh B. Coutts , MD;  the TEMPO-2 Investigators

BACKGROUND: In this subanalysis of the TEMPO-2 (Tenecteplase Versus Standard of Care for Minor Ischaemic Stroke With 
Proven Occlusion) trial, a randomized clinical trial comparing tenecteplase and nonthrombolytic control in patients with minor 
stroke and symptomatic intracranial occlusion, we investigated sex differences in the efficacy and safety of tenecteplase.

METHODS: We compared outcomes after tenecteplase versus control, stratified by sex. We also compared outcomes in fe-
male versus male patients treated with tenecteplase. The primary outcome was a “responder” outcome, defined as return to 
baseline modified Rankin Scale score at 90 days. Secondary outcomes included the Lawton Instrumental Activities of Daily 
Living Scale, the EuroQol-5 Dimension, vessel recanalization, and adverse events. We used generalized linear modeling with 
a Poisson distribution adjusted for baseline differences to calculate adjusted risk ratios (aRR) and 95% CIs.

RESULTS: There were 884 patients in the intention-to-treat analysis (48.9% tenecteplase, 41.5% female). Among female par-
ticipants, the tenecteplase group was less likely to be a responder compared with control (63.8% tenecteplase, 73.9% con-
trol, aRR, 0.87 [95% CI, 0.76–1.00]). Among male participants, the responder outcome was similar between groups (77.5% 
tenecteplase, 75.4% control, 1.03 [95% CI, 0.94–1.13]). Female participants randomized to tenecteplase were less likely to 
be responders than male counterparts (63.8% female, 77.5% male, 0.85 [95% CI, 0.75–0.96]). Early recanalization was more 
frequent after tenecteplase than control in both sexes.

CONCLUSIONS: Tenecteplase was not associated with better clinical outcomes over nonthrombolytic control in female or male 
patients with minor ischemic stroke, despite more frequent recanalization. Fewer women treated with tenecteplase returned 
to baseline function compared with men.
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The TEMPO-2 (Tenecteplase Versus Standard of Care 
for Minor Ischaemic Stroke With Proven Occlusion) 
randomized clinical trial did not show superiority 

of tenecteplase versus standard of care treatment for 

patients with minor ischemic stroke with a symptom-
atic intracranial occlusion.1 In the main paper, analysis of 
major subgroups identified a sex-by-treatment interac-
tion (P-interaction 0.04). There was a signal toward harm 
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among women who received tenecteplase compared 
with standard of care, but this was not statistically signif-
icant (risk ratio [RR], 0.87 [95% CI, 0.76–1.00] for women 
and 1.03 [95% CI, 0.94–1.13] for men).

Prior studies have reported that women with stroke 
experience worse outcomes compared with men, in-
cluding higher mortality,2,3 more physical disability,4,5 
and overall lower quality of life.6,7 These findings can 

be partially explained by the older age and higher pre-
stroke disability of women with stroke, but other po-
tential contributing factors such as differences in the 
safety and effectiveness of acute stroke treatments 
are less well understood. Data from a large European 
registry of patients treated with thrombolysis found no 
difference in symptomatic intracranial hemorrhage be-
tween women and men after thrombolysis, but women 
still had worse functional outcomes.8 However, data 
from routine clinical practice may be vulnerable to se-
lection bias as women may be less likely to receive 
thrombolytic agents9 and patients with minor ischemic 
stroke are typically underrepresented. Finally, few data 
exist on sex differences in the safety and effectiveness 
of tenecteplase, a relatively recent addition to acute 
stroke therapeutic agents.

In this sex disaggregated subanalysis of the 
TEMPO-2 trial, we evaluated the difference in adverse 
events, recanalization rates, and clinical outcomes 
among women and men treated with tenecteplase for 
minor ischemic stroke.

METHODS
Data collected for the study, including deidentified in-
dividual participant data and a data dictionary defining 
each field in the set, can be made available to others on 
reasonable request and after signing appropriate data 
sharing agreements and approval by all the respective 
ethics boards and appropriate data custodians.

Data are from the TEMPO-2 study, a random-
ized, multicenter, phase 3 clinical trial that tested the 
superiority of intravenous tenecteplase (0.25 mg/kg) 
over nonthrombolytic standard of care in patients 
with minor ischemic stroke deficits and symptomatic 
intracranial occlusion or focal perfusion lesion within 
12 hours of symptom onset. The trial protocol10 and 
main results1 have been published. Briefly, eligibility cri-
teria included adults ≥18 years, baseline independence 
(modified Rankin Scale [mRS] score ≤2), minor defi-
cits (National Institutes of Health Stroke Scale [NIHSS] 
score ≤5), and no evidence of evolved infarction con-
cordant with the acute presenting syndrome or Alberta 
Stroke Program Early Computed Tomography Score 
≥7. Patients were not eligible if there were contraindica-
tions to thrombolysis or if the treating physician judged 
thrombolysis was warranted as part of clinical standard 
of care. Randomization in the trial was completed by a 
computer-generated minimization algorithm to ensure 
balance on key variables, including age, sex assigned 
at birth, baseline NIHSS score, and time from symp-
tom onset to randomization.11

Between April 27, 2015 and January 19, 2024, 886 
patients were enrolled across 48 sites in Australia, 
Austria, Brazil, Canada, Finland, Ireland, New Zealand, 
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What Is New?
•	 In this subanalysis of the TEMPO-2 (Tenecteplase 

Versus Standard of Care for Minor Ischaemic 
Stroke With Proven Occlusion) trial, a rand-
omized clinical trial comparing tenecteplase and 
nonthrombolytic standard of care in patients 
with minor ischemic stroke and symptomatic in-
tracranial occlusion within 12 hours of symptom 
onset, we found that tenecteplase was not as-
sociated with better clinical outcomes over non-
thrombolytic control in female or male patients 
with minor ischemic stroke.

•	 Female patients treated with tenecteplase were 
less likely to return to baseline function, as 
measured by the modified Rankin Scale score, 
compared with male patients even though there 
were no sex differences in early vessel recanali-
zation, symptomatic intracerebral hemorrhage, 
or other adverse events.

What Question Should be Addressed 
Next?
•	 To understand reasons for differences in out-

comes, future clinical trials exploring sex differ-
ences in outcomes after minor stroke should 
consider aiming for better sex balance in recruit-
ment and including the evaluation of patient-
reported symptoms, such as cognitive decline, 
sleep disturbances, mood, and fatigue, as well 
as patient-reported outcomes.

Nonstandard Abbreviations and Acronyms

ARAMIS	 Antiplatelet versus R-tPA for Acute 
Mild Ischemic Stroke

IADL	 instrumental activities of daily living
mRS	 modified Rankin Score
NIHSS	 National Institutes of Health Stroke 

Scale
TEMPO-2	 Tenecteplase Versus Standard of 

Care for Minor Ischaemic Stroke 
With Proven Occlusion
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Singapore, Spain, and the United Kingdom.1 There 
were 432 patients (49%) assigned to tenecteplase 
and 454 (51%) to standard of care, which included 
dual antiplatelet therapy (n=263), single antiplatelet 
therapy (n=157), and anticoagulation (n=24). Four pa-
tients received alteplase and 2 patients did not receive 
treatment post randomization. Two patients withdrew 
consent and 2 patients were lost to follow-up.

We performed 2 parallel analyses to evaluate sex 
differences in outcomes. First, we compared the ef-
ficacy and safety of tenecteplase versus control, 
stratified by participants’ sex at birth. This evaluates 
whether sex modified the efficacy and safety of tenect-
eplase. Second, we compared outcomes in female 
versus male patients treated with tenecteplase. This 
step evaluates whether female patients treated with 
tenecteplase experienced different clinical outcomes 
and adverse events compared with male patients 
given this treatment.

As in the main TEMPO-2 publication, the primary out-
come of this subanalysis was the responder outcome, 
defined as a return to baseline function as measured by 
the 90-day blinded mRS assessment. Thus, for a par-
ticipant with a baseline mRS score of 0 to 1, a return to 
mRS score 0 to 1 at 90 days is a good outcome, and the 
participant is deemed a “responder.” Similarly, a partic-
ipant with baseline mRS score of 0 to 2 who returns to 
mRS score 0 to 2 at 90 days is a responder. Secondary 
clinical outcomes include percent function on Lawton 
Instrumental Activities of Daily Living (IADL) Scale at 
90 days, NIHSS score of 0 at day 5 or on day of hospital 
discharge (whichever is earlier), quality of life measured 
at 90 days on the EuroQol-5 Dimension 5-Level score 
where raw scores were converted into an index using 
country-specific algorithms, stroke progression, stroke 
recurrence, all-cause mortality, intracerebral hemor-
rhage, and other adverse events. Whereas the Lawton 
IADL Scale was historically scored in a gendered man-
ner whereby women were expected to perform more 
IADLs than men, we used the more equitable and 
granular scoring method used in the COMPASS-ND 
(Comprehensive Assessment of Neurodegeneration 
and Dementia) study,12 whereby patients receive scores 
out of 23 points, with higher scores indicating greater 
degrees of independence. In patients with vessel occlu-
sion on baseline computed tomography angiogram, we 
reported the proportion with early recanalization on the 
follow-up intracranial vascular imaging at 4 to 8 hours 
after randomization. A repeat computed tomography 
angiogram was not required for patients enrolled based 
on symptomatic perfusion defect.

Privacy and Ethics
The trial was sponsored by the University of Calgary, 
Alberta, Canada. The trial was regulated by Health 

Canada and in the countries of each site as required. 
Local ethics board approval was obtained and all par-
ticipants or their representative provided informed con-
sent before enrollment.

Statistical Analysis
We analyzed the outcomes in the intention-to-treat 
population (n=884), defined as all patients assigned to 
a treatment group and who did not withdraw consent 
to participate. We performed complete case analy-
ses; missing data were rare. We compared baseline 
characteristics using the chi-square test for categori-
cal variables and the Kruskal–Wallis test for continu-
ous variables. We used generalized linear modeling 
with a Poisson distribution and log link function to di-
rectly generate adjusted RR (aRR) and used Huber–
Sandwich robust SE estimation to estimate 95% CI. 
Multivariable models were adjusted for age, baseline 
NIHSS score, and baseline occlusion (large vessel oc-
clusion versus not). Given age may be an important 
modifier of the affect between sex and outcomes, we 
evaluated for a multiplicative age-by-sex interaction 
as well as age-by-treatment interaction (P interaction 
<0.05 indicates statistical significance). Analyses were 
performed using Stata Statistical Software: Release 18 
(College Station, TX: StataCorp LLC).

RESULTS
Tenecteplase Versus Control, Stratified by 
Sex
Among the 368 female participants (51.1% tenect-
eplase, 48.9% control), baseline characteristics were 
balanced. This was expected given the computer-
generated minimization algorithm for randomization 
accounted for sex as a key variable. Stroke character-
istics were also similar between the 2 groups except 
for a longer onset-to-treatment time in the control com-
pared with the tenecteplase group (Table  1). Among 
the 516 male participants (47.3% tenecteplase, 52.7% 
control), baseline patient and stroke characteristics 
were similar, including similar onset-to-treatment time.

Among female participants, those in the tenect-
eplase group were less likely to be responders than 
those in the control group (63.8% tenecteplase, 
73.9% control, aRR, 0.87 [95% CI, 0.76–1.00], 
Table 2 and Table S1). In addition, a higher propor-
tion of female participants in the tenecteplase group 
had any intracerebral hemorrhage on follow-up im-
aging compared with those in the control group 
(13.8% tenecteplase, 5.7% control, P=0.013), but few 
had symptomatic hemorrhage (1.1% tenecteplase, 
none among controls). Among male participants, 
the proportion of responders was similar between 
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the 2 groups (77.5% tenecteplase, 75.4% control, 
aRR, 1.03 [95% CI, 0.94–1.13]). However, compared 
with the control group, those in the tenecteplase 
group were more likely to achieve NIHSS score=0 
at day 5 or discharge (61.4% tenecteplase, 50.6% 
control, P=0.019); yet 90-day mortality was higher 
(5.7% tenecteplase, 0.4% control, P<0.001). Among 

participants enrolled with a baseline intracranial oc-
clusion, recanalization was higher in the tenecteplase 
group in both sexes (40.4% female, 38.9% male) than 
the control group (17.9% female, 17.2% male), but 
this outcome was more likely to be missing among 
women (Table  S2). The distribution of the 90-day 
mRS stratified by sex is shown in Figure 1. There was 

Table 1.  Baseline Characteristics by Treatment Arm, Stratified by Sex

Female (N=368) Male (N=516)

Tenecteplase Control

P value

Tenecteplase Control

P valueNo.=188 (51.1%) No.=180 (48.9%) No.=244 (47.3%) No.=272 (52.7%)

Patient characteristics

Median age, y (IQR) 75 (64–84) 74 (65–82) 0.72 70 (60–78) 70 (59–78) 0.36

Hypertension 119 (63.3%) 106 (58.9%) 0.39 146 (59.8%) 155 (57.0%) 0.53

Past smoking 59 (31.4%) 60 (33.3%) 0.74 113 (46.3%) 116 (42.6%) 0.43

Hyperlipidemia 72 (38.3%) 70 (38.9%) 0.91 108 (44.3%) 102 (37.5%) 0.13

Diabetes 36 (19.1%) 32 (17.8%) 0.79 46 (18.9%) 54 (19.9%) 0.82

Past stroke 30 (16.0%) 29 (16.1%) 1.00 42 (17.2%) 56 (20.6%) 0.37

Atrial fibrillation 36 (19.1%) 31 (17.2%) 0.69 55 (22.5%) 47 (17.3%) 0.15

Ischaemic heart disease 20 (10.6%) 18 (10.0%) 0.87 49 (20.1%) 55 (20.2%) 1.00

Congestive heart failure 9 (4.8%) 6 (3.3%) 0.60 7 (2.9%) 12 (4.4%) 0.48

Chronic renal failure 14 (7.4%) 5 (2.8%) 0.06 8 (3.3%) 12 (4.4%) 0.65

Peripheral vascular disease 6 (3.2%) 5 (2.8%) 1.00 7 (2.9%) 10 (3.7%) 0.63

Past intracerebral 
hemorrhage

3 (1.6%) 0 (0.0%) 0.25 0 (0.0%) 1 (0.4%) 1.00

Prestroke modified Rankin Scale score

0 141 (75.0%) 137 (76.1%) 0.95 195 (79.9%) 217 (79.8%) 0.67

1 25 (13.3%) 23 (12.8%) 36 (14.8%) 36 (13.2%)

2 22 (11.7%) 20 (11.1%) 13 (5.3%) 19 (7.0%)

Stroke characteristics

Median baseline NIHSS (IQR) 2 (1–3) 2 (1–3) 0.55 2 (1–3) 2 (1–3) 0.75

NIHSS=0 35 (18.6%) 28 (15.6%) 0.49 39 (16.0%) 40 (14.7%) 0.71

Baseline Alberta Stroke 
Program Early Computed 
Tomography Score

10 (9–10) 10 (9–10) 0.98 10 (10–10) 10 (9–10) 0.77

Baseline occlusion (core laboratory)

Large vessel 27 (14.4%) 26 (14.4%) 0.52 26 (10.7%) 24 (8.9%) 0.31

Medium vessel 112 (59.9%) 102 (56.7%) 123 (50.4%) 143 (53.0%)

Vertebrobasilar 2 (1.1%) 6 (3.3%) 18 (7.4%) 19 (7.0%)

Focal perfusion lesion 45 (24.1%) 43 (23.9%) 73 (29.9%) 84 (31.1%)

No occlusion detected 1 (0.5%) 3 (1.7%) 4 (1.6%) 0 (0.0%)

Hemoglobin, g/L 132 (125–142) 136 (128–143) 0.06 146 (135–155) 146 (135–156) 0.89

Glucose, mM 6 (6–8) 6 (6–7) 0.17 6 (5–7) 6 (6–8) 0.24

Creatinine, μM 72 (63–85) 72 (63–88) 0.21 89 (77–103) 89 (78–103) 0.31

Time metrics in minutes

Onset to emergency 
department arrival

127 (70–330) 154 (80–336) 0.91 154 (86–335) 147 (68–338) 0.83

Onset to randomization 268 (160–450) 309 (178–454) 0.46 291 (162–436) 259 (154–435) 0.51

Onset to treatment 276 (162–461) 347 (201–510) 0.01 301 (169–450) 300 (170–485) 0.15

Large vessel: intracranial internal carotid artery, M1 segment of the middle cerebral artery. Medium vessel: M2 segment of the middle cerebral artery or 
distal, A2 segment of the anterior cerebral artery, or distal. Vertebrobasilar: vertebral artery, basilar artery, posterior cerebral artery, or branches. IQR indicates 
interquartile range; and NIHSS, National Institutes of Health Stroke Scale.
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no statistically significant modification by age; all P-
interaction were greater than 0.05 (Table S1).

Female Versus Male Participants, 
Stratified by Treatment Arm
There were 432 participants assigned to tenecteplase 
(43.5% female, 56.5% male) and we observed several 
differences in baseline characteristics. Compared with 
male participants, women were older, less likely to have 
smoking history or ischemic heart disease, but more 
likely to have some degree of functional dependence 
at baseline and more likely to have a large or medium 
vessel occlusion versus a perfusion lesion without oc-
clusion (Table 3). Among the 452 participants assigned 
to control treatment (39.8% female, 60.2% male), we 
observed similar sex differences in baseline character-
istics as those assigned to tenecteplase.

Compared with male participants assigned to 
tenecteplase, the female participants were less likely 
to be responders (63.8% female, 77.5% male, aRR, 
0.85 [95% CI, 0.75–0.96], Table 4 and Table S1). The 
range of the Lawton IADL scores was also lower 

among female participants. However, among partici-
pants in the control group, men and women had sim-
ilar responder outcomes (73.9% female, 75.4% male, 
aRR, 1.00 [95% CI, 0.90–1.12]). The distribution of the 
90-day mRS score stratified by sex and treatment arm 
is shown in Figure 2. There were no sex differences in 
NIHSS score=0 at day 5 or discharge, the EuroQol-5 
Dimension 5-Level index, intracerebral hemorrhage, 
any other significant adverse event, or early vascular 
recanalization (Table 4, Table S2). There was no statis-
tically significant modification by age, all P-interaction 
were >0.05 (Table S1).

DISCUSSION
In this sex-stratified subanalysis of the TEMPO-2 rand-
omized clinical trial that tested the superiority of tenect-
eplase versus nonthrombolytic control, we found that 
tenecteplase was not associated with better functional 
outcomes compared with control in women or men 
with transient ischemic attack or minor stroke, despite 
both sexes having higher early recanalization rates in the 

Table 2.  Adverse Events and Outcomes by Treatment Arm, Stratified by Sex

Female (N=368) Male (N=516)

Tenecteplase Control

P value

Tenecteplase Control

P valueNo.=188 (51.1%)
No.=180 
(48.9%) No.=244 (47.3%)

No.=272 
(52.7%)

Responder outcome 120 (63.8%) 133 (73.9%) 0.04 189 (77.5%) 205 (75.4%) 0.60

NIHSS score=0 at 5 d or 
discharge

103 (56.0%) 89 (50.3%) 0.29 143 (61.4%) 134 (50.6%) 0.02

IADL-Lawton-COMPASS-ND 
scoring algorithm

23 (17–23) 23 (19–23) 0.12 23 (22–23) 23 (21–23) 0.51

Median EQ5D-5L index (n=845) 1 (1–1) 1 (1–1) 0.13 1 (1–1) 1 (1–1) 0.19

Any serious adverse event 46 (24.5%) 39 (21.7%) 0.54 54 (22.1%) 41 (15.1%) 0.04

Stroke progression 18 (9.6%) 15 (8.3%) 0.72 17 (7.0%) 18 (6.6%) 1.00

Stroke recurrence 5 (2.7%) 6 (3.3%) 0.77 11 (4.5%) 9 (3.3%) 0.50

Symptomatic intracerebral 
hemorrhage

2 (1.1%) 0 (0.0%) 0.50 6 (2.5%) 2 (0.7%) 0.16

Any hemorrhage on follow-up 
imaging

26 (13.8%) 10 (5.7%) 0.01 36 (14.8%) 30 (11.5%) 0.29

Rescue intracerebral hemorrhage 
for index stroke

8 (4.3%) 5 (2.8%) 0.58 7 (2.9%) 5 (1.8%) 0.56

Death within 5 d 3 (1.6%) 0 (0.0%) 0.25 5 (2.0%) 1 (0.4%) 0.11

Death at 90 d 6 (3.2%) 4 (2.2%) 0.75 14 (5.7%) 1 (0.4%) <0.01

Aspiration pneumonia 2 (1.1%) 1 (0.6%) 1.00 4 (1.6%) 1 (0.4%) 0.19

Atrial fibrillation 3 (1.6%) 2 (1.1%) 1.00 1 (0.4%) 1 (0.4%) 1.00

Congestive heart failure 4 (2.1%) 1 (0.6%) 0.37 1 (0.4%) 0 (0.0%) 0.47

Seizure 1 (0.5%) 2 (1.1%) 0.62 2 (0.8%) 1 (0.4%) 0.61

Urinary tract infection 0 (0.0%) 3 (1.7%) 0.12 2 (0.8%) 1 (0.4%) 0.61

Missing data: 25 patients had missing NIHSS score at 5 d or discharge, 34 patients had missing Lawton IADL score, 39 patients had missing EQ5D-5L index, 
and 17 patients had missing data on hemorrhage on follow-up imaging.

EQ-5D-5L indicates EuroQol-5 5-Level Dimension score; IADL-Lawton-COMPASS-ND, Lawton Instrumental Activities of Daily Living Scale (Comprehensive 
Assessment of Neurodegeneration and Dementia); and NIHSS, National Institutes of Health Stroke Scale.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 29, 2025



J Am Heart Assoc. 2025;14:e039154. DOI: 10.1161/JAHA.124.039154� 6

Yu et al� Sex Difference after Tenecteplase for Minor Stroke

tenecteplase group compared with control. Fewer female 
patients treated with tenecteplase returned to baseline 
function compared with those treated with control, but 
this difference was not statistically significant. Female pa-
tients treated with tenecteplase were more likely to have 
intracranial hemorrhage on follow-up imaging, but rates 
of symptomatic intracerebral hemorrhage and 90-day 
mortality was similar. Any intracranial hemorrhage has 
previously been shown to be associated with worse out-
comes after thrombolysis, this may partly why female pa-
tients were less likely to return to baseline function.13 Male 
patients treated with tenecteplase had similar functional 
outcomes as those treated with control. The 90-day mor-
tality among male patients treated with tenecteplase was 
higher than those treated with control, but the total num-
ber of deaths was quite small. It is not clear if this was a 
random variation because the burden of serious adverse 
events was similar between the 2 groups.

In the second comparison, we found that female pa-
tients treated with tenecteplase were less likely to meet 
the return-to-baseline function responder outcome 
compared with men treated with tenecteplase. Female 
patients in the tenecteplase group were more likely to 
have comorbidities, functional dependence, and large 
or medium vessel occlusions compared with the male 
counterparts, but the difference in outcomes persisted 
even after adjustment for baseline risk factors. The rea-
son for this observation is unclear as there were no 
sex differences in effect as measured by early vessel 
recanalization among those with a baseline occlusion 
or harm, including intracerebral hemorrhage or other 
adverse events. This finding is surprising because prior 
sex-stratified analyses of data from patients treated 
with thrombolysis in population-based registries,14,15 
cohort studies,16,17 and clinical trials18,19 have found no 
modification of treatment effect by sex, suggesting that 
thrombolysis may in fact mitigate the sex disparities in 
stroke outcomes. However, most of these studies did 

not include patients with transient ischemic attacks 
and minor strokes.

Two recent randomized trials (PRISMS20 [Potential 
of rtPA (Recombinant Tissue Plasminogen Activator) for 
Ischemic Strokes With Mild Symptoms] and ARAMIS21 
[Antiplatelet vs R-tPA for Acute Mild Ischemic Stroke]) 
and a recent systematic review and meta-analysis22 
found no benefit of thrombolysis over best medical ther-
apy in patients with minor ischemic stroke, but these 
studies did not mandate the presence of symptomatic 
occlusion or perfusion defect. Without confirmed vas-
cular abnormality or ischemia, the benefit and risks of 
thrombolysis could be diluted by nonstroke mimics, 
which could vary by sex. A sex-stratified subanalysis 
of NOR-TEST (Norwegian Tenecteplase Stroke Trial), 
a randomized controlled trial comparing tenecteplase 
(0.4 mg/kg) to alteplase that largely enrolled patients 
with minor strokes, found that enrollment for a mimic 
was more common among women (21% mimic among 
women, 15% among men).23 Over 90% of patients en-
rolled in PRISMS had a 90-day mRS score of 0 to 2 
and 13% of patients had a final diagnosis of stroke 
mimic.20 In ARAMIS, >95% of patients had a 90-day 
mRS score of 0 to 2, but the proportion of mimics was 
not reported.21 A sex-stratified subanalysis of ARAMIS 
did not identify any modification of the overall effect of 
thrombolysis by sex.24 In TEMPO-2, only 80% of fe-
male and 87% of male participants had a 90-day mRS 
score of 0 to 2 and about 1 in 4 patients did not re-
turn to their baseline function (64% female, 78% male) 
despite thrombolysis. These outcomes challenge the 
notion that strokes with low NIHSS scores are “minor.” 
Instead, minor stroke is a heterogenous entity where 
the presence of vascular occlusion or perfusion defect 
heralds a worse outcome. Future studies on the acute 
treatment of this population should include information 
on imaging evidence of acute ischemia such as vessel 
occlusion or perfusion defect.

Figure 1.  Horizontal stacked bar graphs of Modified Rankin Scale score at 90 days stratified by sex.
mRS indicates Modified Rankin Scale.
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Table 3.  Baseline Characteristics by Sex, Stratified by Treatment Arm

Tenecteplase (N=432) Control (N=452)

Female Male

P value

Female Male

P valueNo.=188 (43.5%) No.=244 (56.5%) No.=180 (39.8%) No.=272 (60.2%)

Patient characteristics

Median age, y (IQR) 75 (64–84) 70 (60–78) <0.01 74 (65–82) 70 (59–78) <0.01

Hypertension 119 (63.3%) 146 (59.8%) 0.49 106 (58.9%) 155 (57.0%) 0.70

Past smoking 59 (31.4%) 113 (46.3%) <0.01 60 (33.3%) 116 (42.6%) 0.05

Hyperlipidemia 72 (38.3%) 108 (44.3%) 0.24 70 (38.9%) 102 (37.5%) 0.77

Diabetes 36 (19.1%) 46 (18.9%) 1.00 32 (17.8%) 54 (19.9%) 0.63

Past stroke 30 (16.0%) 42 (17.2%) 0.80 29 (16.1%) 56 (20.6%) 0.27

Atrial fibrillation 36 (19.1%) 55 (22.5%) 0.41 31 (17.2%) 47 (17.3%) 1.00

Ischemic heart disease 20 (10.6%) 49 (20.1%) <0.01 18 (10.0%) 55 (20.2%) <0.01

Congestive heart failure 9 (4.8%) 7 (2.9%) 0.32 6 (3.3%) 12 (4.4%) 0.63

Chronic renal failure 14 (7.4%) 8 (3.3%) 0.08 5 (2.8%) 12 (4.4%) 0.45

Peripheral vascular 
disease

6 (3.2%) 7 (2.9%) 1.00 5 (2.8%) 10 (3.7%) 0.79

Past intracerebral 
hemorrhage

3 (1.6%) 0 (0.0%) 0.08 0 (0.0%) 1 (0.4%) 1.00

Prestroke modified Rankin Scale score

0 141 (75.0%) 195 (79.9%) 137 (76.1%) 217 (79.8%) 0.33

1 25 (13.3%) 36 (14.8%) 23 (12.8%) 36 (13.2%)

2 22 (11.7%) 13 (5.3%) 0.06 20 (11.1%) 19 (7.0%)

Stroke characteristics

Median baseline 
National Institutes of 
Health Stroke Scale 
score (IQR)

2 (1–3) 2 (1–3) 0.54 2 (1–3) 2 (1–3) 0.76

NIHSS=0 35 (18.6%) 39 (16.0%) 0.52 28 (15.6%) 40 (14.7%) 0.89

Baseline Alberta 
Stroke Program Early 
Computed Tomography 
Score

10 (9–10) 10 (10–10) 0.84 10 (9–10) 10 (9–10) 0.97

Baseline occlusion (core laboratory)

Large vessel 27 (14.4%) 26 (10.7%) <0.01 26 (14.4%) 24 (8.9%) 0.01

Medium vessel 112 (59.9%) 123 (50.4%) 102 (56.7%) 143 (53.0%)

Vertebrobasilar 2 (1.1%) 18 (7.4%) 6 (3.3%) 19 (7.0%)

Focal perfusion lesion 45 (24.1%) 73 (29.9%) 43 (23.9%) 84 (31.1%)

No occlusion 
detected

1 (0.5%) 4 (1.6%) 3 (1.7%) 0 (0.0%)

Hemoglobin, g/L 132 (125–142) 146 (135–155) <0.01 136 (128–143) 146 (135–156) <0.01

Glucose, mM 6 (6–8) 6 (5–7) 0.73 6 (6–7) 6 (6–8) 0.03

Creatinine, μM 72 (63–85) 89 (77–103) <0.01 72 (63–88) 89 (78–103) <0.01

Time metrics in minutes

Onset to emergency 
department arrival, 
min

127 (70–330) 154 (86–335) 0.76 154 (80–336) 147 (68–338) 0.99

Onset to 
randomization, min

268 (160–450) 291 (162–436) 0.94 309 (178–454) 259 (154–435) 0.18

Onset to treatment, 
min

276 (162–461) 301 (169–450) 0.88 347 (201–510) 300 (170–485) 0.32

IQR indicates interquartile range. Large vessel: intracranial internal carotid artery, M1 segment of the middle cerebral artery. Medium vessel: M2 segment 
of the middle cerebral artery or distal, A2 segment of the anterior cerebral artery or distal. Vertebrobasilar: vertebral artery, basilar artery, posterior cerebral 
artery, or branches.
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There are several limitations in the current study. 
Like other acute clinical trials in the minor stroke pop-
ulation, such as PRISMS (46% female), ARAMIS (31% 
female), NOR-TEST (40% female), TEMPO-2 also had 
an underenrollment of female participants (41.5% fe-
male), which could have made this analysis under-
powered to detect differences in outcomes. Early 
recanalization status was measurable only in patients 
who were enrolled based on the presence of intra-
cranial occlusion (n=628, 70.8%) and among these, 

protocol deviations with missing 4- to 8-hour com-
puted tomography angiograms were more common 
in female versus male participants. Finally, identifying 
clinically relevant outcomes that are meaningful to pa-
tients in a minor stroke trial is challenging. Although the 
mRS is the most widely used measure of stroke out-
come, its responsiveness to change for minor stroke 
may be limited and its subjective nature may lead to 
sex or gender biases that have not yet been formally 
evaluated.25 The responder outcome was designed to 

Table 4.  Adverse Events and Outcomes by Sex, Stratified by Treatment Arm

Tenecteplase (N=432) Control (N=452)

Female Male

P value

Female Male

P valueNo.=188 (43.5%) No.=244 (56.5%) No.=180 (39.8%) No.=272 (60.2%)

Responder 120 (63.8%) 189 (77.5%) <0.01 133 (73.9%) 205 (75.4%) 0.74

NIHSS score=0 at 5 d or discharge 103 (56.0%) 143 (61.4%) 0.27 89 (50.3%) 134 (50.6%) 1.00

IADL-Lawton-COMPASS_ND 
scoring algorithm

23 (17–23) 23 (22–23) <0.01 23 (19–23) 23 (21–23) 0.14

Median EQ5D-5L index (n=845) 1 (1–1) 1 (1–1) 0.12 1 (1–1) 1 (1–1) 0.11

Any serious adverse event 46 (24.5%) 54 (22.1%) 0.57 39 (21.7%) 41 (15.1%) 0.08

Stroke progression 18 (9.6%) 17 (7.0%) 0.38 15 (8.3%) 18 (6.6%) 0.58

Stroke recurrence 5 (2.7%) 11 (4.5%) 0.44 6 (3.3%) 9 (3.3%) 1.00

Symptomatic intracerebral 
hemorrhage

1 (0.5%) 5 (2.0%) 0.47 0 (0.0%) 2 (0.7%) 0.52

Any hemorrhage on follow-up 
imaging

26 (13.8%) 36 (14.8%) 0.89 10 (5.7%) 30 (11.5%) 0.06

Rescue endovascular 
thrombectomy for index stroke

8 (4.3%) 7 (2.9%) 0.44 5 (2.8%) 5 (1.8%) 0.53

Death within 5 d 3 (1.6%) 5 (2.0%) 1.00 0 (0.0%) 1 (0.4%) 1.00

Death at 90 d 6 (3.2%) 14 (5.7%) 0.25 4 (2.2%) 1 (0.4%) 0.09

Aspiration pneumonia 2 (1.1%) 4 (1.6%) 0.70 1 (0.6%) 1 (0.4%) 1.00

Atrial fibrillation 3 (1.6%) 1 (0.4%) 0.32 2 (1.1%) 1 (0.4%) 0.57

Congestive heart failure 4 (2.1%) 1 (0.4%) 0.17 1 (0.6%) 0 (0.0%) 0.40

Seizure 1 (0.5%) 2 (0.8%) 1.00 2 (1.1%) 1 (0.4%) 0.57

Urinary tract infection 0 (0.0%) 2 (0.8%) 0.51 3 (1.7%) 1 (0.4%) 0.31

Missing data: 25 patients had missing NIHSS at 5 d or discharge, 34 patients had missing Lawton IADL, 39 patients had missing EQ5D-5L index, and 17 
patients had missing data on hemorrhage on follow-up imaging.

EQ-5D-5L indicates EuroQol-5 Dimension score; IADL-Lawton-COMPASS-ND, Lawton Instrumental Activities of Daily Living Scale (Comprehensive 
Assessment of Neurodegeneration and Dementia); and NIHSS, National Institutes of Health Stroke Scale.

Figure 2.  Horizontal stacked bar graphs of Modified Rankin Scale score at 90 days stratified by sex and treatment.
mRS indicates Modified Rankin Scale.
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take into account that patients in this population likely 
already have disability at baseline and we evaluated 
several patient-reported outcome measures, includ-
ing the Lawton IADL and EuroQol-5 Dimension, but 
perhaps more data on cognition, sleep disturbances, 
mood, fatigue, and other symptoms could shed light 
on why female patients are not returning to baseline 
function despite similar adverse events and most im-
aging outcomes.26,27

CONCLUSIONS
We showed that tenecteplase was not associated with 
better clinical outcomes over medical management in 
female or male patients with minor ischemic stroke. 
Tenecteplase was associated with higher revasculari-
zation compared with control, but fewer women re-
turned to baseline function compared with men in the 
treatment arm.

APPENDIX: TEMPO-2 STUDY GROUP 
INVESTIGATORS CENTRAL AND BY 
SITE
Central
Calgary Image Processing and Analysis Centre: Marina 
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David Kent, Renee Martin and William Whiteley
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Clinical Research Unit: Frances Taylor, B. Cord Lethebe
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Primary Study Coordinators: C Kenney, A Jambula, K 
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D Doshi, D Chakraborty, D Kim, D Vasquez, D Singh, 
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Other Site Investigators: A Khaw, L Mai, L Sposato, M 
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Sunnybrook Health Sciences Centre, University of 

Toronto, Toronto, ON
Site PI: A Y X Yu
Primary Study Coordinators: A Kapoor, A Southwell, E 
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V Norouzi

Other Site Investigators: A Liu, AM Liddy, B Ghoari, 
C Hawkes, C A Enriquez, D J Gladstone, H A 
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listed under Sunnybrook), M del Campo, M Alskaini, 
P Rajendram
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Primary Study Coordinators: P Fairall, B Granfield, D 

Crawford, J Jabs, L White, L Sivakumar, L Piquette, 
T Nguyen
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Vekhande, H Kamble, H Kalashyan, K Butcher, 
M Lloret, M Benguzzi, N Arsalan, N Ishaque, R 
Ashayeriahmadabad, R Samiento, S Mishra, S 
Hosseini, S Kazi, S Das, T Sugumar

St. Michael’s Hospital, Toronto, ON
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Primary Study Coordinators: P Kostyrko
Other Site Investigators: A Muccilli, G Saposnik
Medical University of Vienna, General Hospital, Vienna, 

Austria
Site PI: S Greisenegger
Primary Study Coordinators: K Werner, S Wieszmuellner
Other Site Investigators: A Langer, A Gisold, H Zach, M 

Marko, P Rommer, S Macher, S Blechinger, W Marik, 
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St. John’s of God Hospital, Vienna, Austria
Site PI: J Ferrari
Primary Study Coordinators: M Baumgartinger
Other Site Investigators: S Krebs
Hamilton Health Sciences Centre, Hamilton, ON
Site PI: L Catanese
Primary Study Coordinators: C Vandervelde, K 

Ratnayake, S McMillan
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Site PI: G Hunter
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McGill University Health Centre, Montreal, QC
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Royal Melbourne Hospital, Parkville, Australia
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Box Hill Hospital, Box Hill, Australia
Site PI: P Choi
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Site PI: T Kleinig
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Primary Study Coordinators: B Urbi, C Rapier, H 
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