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alteplase placebo p

Disability-free recovery

(mRS ≤ 1)
43% 27% < .001

Symptomatic

intracerebral hemorrhage
6.4% 0.6% < .001

Can we 
do 

better?



Alteplase administration: bolus then infusion
Phase Alteplase

Initial (free plasma) 3-5 min

Plasma Clearance 380-570 mL/min

Terminal (tissue bound) 72-144 min

Stroke Dosing
0.9 mg/kg Max 90mg
10% as 60 sec bolus
remainder as infusion over 60 minutes



Alteplase administration: mind the gap!

Brodoehl et al.,Clin Neuropharm 2015;38: 85–88



Bolus-Infusion Delays of Alteplase during Thrombolysis in Acute Ischaemic
Stroke and Functional Outcome at 3 Months.

Acheampong et al. 2014, Stroke Res Treat

N=276 alteplase treated stoke
Mean bolus to infusion delay  of 9 minutes

80% >= 5 minutes
22% >=12 minutes 

Trend to worse mRS outcome with longer bolus to infusion delays

Alteplase administration: mind the gap!



Search for a better thrombolytic

Single bolus injection – workflow advantages

Higher rates of recanalization – better outcomes

Reduced bleeding complication – better safety



Search for a better thrombolytic

Greater
fibrin specificity

resistance to PAI-1 inhibition
conservation of fibrinogen

speed of clot lysis

Reduced 
plasma clearance

Llevadot et al JAMA 2001



Phase Alteplase Tenecteplase

Initial (free plasma) 3-5 min 20-24 min

Plasma Clearance 380-570 mL/min 99-119 mL/min

Terminal (tissue bound) 72-144 min 90-130 min

Tenecteplase
TNK-tpa
T103N 
N117Q
KHRR (296-299)AAAA 

Llevadot et al JAMA 2001



Tenecteplase
TNK-tpa
T103N 
N117Q
KHRR (296-299)AAAA

14-fold greater fibrin specificity
10-fold greater conservation of fibrinogen
80-fold increased resistance to PAI-1
more rapid thrombolysis

Llevadot et al JAMA 2001



ASSENT-2 (1999)

• Alteplase vs Tenecteplase in STEMI; ~8500 per group

• Equivalent 30-day morality

• 0.9% ICH both groups

• Fewer non-CNS bleeding events (26% to 29%)

• No difference in recanalization or reinfarction

• FDA approved in 2000 at 0.5 mg/kg to 50 mg maximum

Van der Werf et al Lancet 1999



Alteplase vs Tenecteplase randomized trials
2010-2019



Stroke. 2010;41:707-711.



Dose finding study

Randomized, double-blind 

< 3hr

0.1, 0.25, 0.4 mg/kg TNK vs ALT

N (TNK) = 81

Composite Outcome at 24 hr

0.4mg/kg dose discarded as inferior  

Stroke. 2010;41:707-711.





Phase 2

Randomized 

< 6hr; LVO with penumbra by CTA/CTP

0.1, 0.25 mg/kg TNK vs ALT

N (TNK) = 50

Reperfusion and clinical improvement at 24 hr

Combined TNK superior to ALT





Phase 2

Randomized, PROBE

< 4.5 hr; with penumbra by CTA/CTP

0.25mg/kg TNK vs ALT

N (TNK) = 52

Penumbral Salvage at 24-48 hr

No differences





Phase 3

Randomized, PROBE

< 4.5 hr (+ Wake-up), all eligible for thrombolytic

0.4 mg/kg TNK vs ALT

N (TNK) = 549

mRS at 3 months

No differences mRS or sICH



Phase 3

Randomized, PROBE

< 4.5 hr (+ Wake-up), all eligible for thrombolytic

0.4 mg/kg TNK vs ALT

Median NIHSS 4

Severe (NIHSS ≥ 15) subgroup higher mortality in TNK group



Original Article

Tenecteplase versus Alteplase before 
Thrombectomy for Ischemic Stroke

N Engl J Med
Volume 378(17):1573-1582

April 26, 2018



Original Article

Tenecteplase versus Alteplase before 
Thrombectomy for Ischemic Stroke

N Engl J Med
Volume 378(17):1573-1582

April 26, 2018

Randomized, PROBE

< 4.5 hr; LVO by CTA and thrombectomy candidate

0.25mg/kg TNK vs ALT

N (TNK) = 101

?Substantial reperfusion on angiogram prior to EVT

Twice the rate of early recanalization 

Improved mRS at 3 months



Campbell BCV et al. N Engl J Med 2018;378:1573-1582



Tenecteplase as Stroke Thrombolytic
meta-analyses

Non-inferiority and possible superiority of tenecteplase v alteplase in 
the treatment of acute ischemic stroke

Kheiri et al., Journal of Thrombosis and Thrombolysis (2018)
Burgos and Saver, Stroke (2019)





Non-inferior 3 month mRS 0-1



Tenecteplase practical advantages over alteplase

Shorter time to prepare

Shorter time to administer (5-10 seconds versus 1 hour)

Does not require that a second, dedicated IV line be inserted and maintained

Does not require an IV infusion pump

Shorter time to initiate interfacility transfer after IV lytic administration*

Lower cost per dose



Tenecteplase As Stroke Thrombolytic
Transitioning to Local Standard of Care at Ascension Seton

Ascension Texas – Ascension Seton Stroke Service. 10 hospitals (2 CSC, 2 PSC)

Unchanged lytic eligibility criteria and post treatment monitoring

early drug preparation not permitted for tenecteplase

Nursing and physician education

Electronic medical record revision of ordersets and monitoring tools

Network ‘Go-Live’ September 17, 2019

Quarterly oversight review of cumulative outcome and safety data 



Prospective Observational Cohort Study of Tenecteplase Versus 
Alteplase in Routine Clinical Practice

Purpose To compare workflow metrics clinical outcomes of IV tenecteplase as standard of 
care lytic with that of alteplase

Data Source Local Stroke Registry (REDCap). 2 years of alteplase prior to switch to 
tenecteplase compared to first 15 months of tenecteplase

Hypotheses
Reduced door-to-needle and door-in-door-out times (higher rate of hitting target times)
Noninferior favorable outcome (discharge to home with independent ambulation) 
Noninferior unfavorable outcome (sICH, in-hospital mortality or discharge to hospice)



Baseline Characteristics

Alteplase Tenecteplase

N 354 234

Age (median, IQR) 67 (55-79) 68 (57-77)

NIHSS (median, IQR) 8 (4-15) 8 (4-13)

% men 52% 62%

% EVT after lytic 22% 24%



Door to Needle time
no exclusions

Alteplase Tenecteplase

N 354 234

Minutes
(median, IQR)

57
(43-75)

51
(38-80)

%  <= 45 min 29% 41%
P=0.006

P=0.140

aOR 1.76 (1.24, 2.52), P=.002



Door to Needle time
GWTG defined

Alteplase Tenecteplase

N 203 135

Minutes
(median, IQR)

48
(39-59)

42
(35-53)

%  <= 45 min 41% 56%
P=0.011

P=0.012



Interfacility Transfer Time After Lytic

Alteplase Tenecteplase

N 65 43

Minutes (median) 135 113

%  <= 90 Min 14% 37% P=0.010

P=0.054

OR = 3.69 (1.47, 9.7), P=.006



Interfacility Transfer Time no Lytic

Alteplase Era Tenecteplase Era

N 278 205

Minutes (median) 158.5 165

%  <= 90 Min 22% 18%



Interfacility Transfer Time After Lytic
for EVT 

Alteplase Tenecteplase

N 13 16

Minutes (median) 108 83

%  <= 90 Min 15% 62% P=0.03

P=0.06



Interfacility Transfer Time no Lytic
for EVT

Alteplase Era Tenecteplase Era

N 20 18

Minutes (median) 100.5 86.5

%  <= 90 Min 40% 61% NS



Favorable Outcome at Discharge
Alteplase Tenecteplase

N 354 234

Independent 
ambulation

43% 48%

Discharge to home 52% 52%

Discharge to home 
AND Independent 

Ambulation
39% 44%

aOR 1.26 (0.89, 1.80) within 6.5% non-inferiority margin



Favorable Outcome at Discharge
declines with onset to treatment time

aOR 0.993 (0.9897, 0.998), p=0.01
adjusted for age, NIHSS, blood glucose on arrival, 
history of hypertension, dyslipidemia, and diabetes



Unfavorable Outcomes

Alteplase Tenecteplase

N 354 234

Any PH, IVH, or SAH by 36 hours 7.9% 7.7%

Symptomatic ICH 2.8 % 1.7%

In Hospital Mortality 6.2% 4.3%

Mortality OR Hospice 10.5% 6.8%

Death, Hospice, OR sxICH 11.9% 7.7%

aOR 0.77 (0.42, 1.37) not within 1% non-inferiority margin



Net Favorable Outcomes

NET FAVORABLE OUTCOME Alteplase Tenecteplase

Favorable minus Unfavorable Outcomes 27% 37%

P=0.02



Approximate $450,000 savings in hospital costs annually at Ascension Texas Hospitals

Hospital Costs by Thrombolytic Type Used Alteplase Tenecteplase Savings per case with TNK

Overall Hospital Cost per Encounter $15,841 $13,382 $2,459
P< 0.001

Hospital Costs per Encounter



Ascension Texas Tenecteplase 15 months’ experience

Limitations

Single Stroke Network

Non-randomized

Not blinded

Sequential Samples
(temporal trends in quality improvement may contribute) 



Ascension Texas Tenecteplase 15 months’ experience

Statistically significant:
Reduction in time from ED arrival to treatment
Increased % cases treated within 45 minutes of arrival
Reduced transfer times (DIDO)
Reduced time to EVT when transferred after lytic
Non-inferior favorable clinical outcomes at discharge

Fewer unfavorable outcomes at discharge

Pharmacy cost savings over one year ~$450,000

Our results are comparable to published NZ experience



Experience in Clinical Practice











Comparative Effectiveness Of Routine Tenecteplase Thrombolysis In Acute Stroke Compared With Alteplase An International

CERTAIN Collaboration

Multinational pooling of patient level data

Hospitals or networks that use tenecteplase as stroke 
thrombolytic

Include alteplase cases from sources

Assess workflow and clinical outcomes of tenecteplase in 
large samples 

First Project: symptomatic ICH (sICH)
CERTAIN ISC 2022



Baseline Features, Total Sample
Alteplase
N=7313

Tenecteplase
N=1925

P-value

Age (median years, IQR) 70 (58, 80) 73 (61, 81) <0.001

Male (n, %) 3755 (51%) 1034 (55%) 0.007

NIHSS (median, IQR) 7 (4, 14) 9 (5, 17) <0.001

Onset to needle (median minutes, IQR) 137 (98, 194) 160 (107, 246) <0.001

Large vessel occlusion (n, %) 1745 (24%) 918 (48%) <0.001

Systolic blood pressure (median mmHg, IQR) 153 (133, 176) 150 (130, 171) <0.001

Glucose (median mmol/L, IQR) 6.6 (5.7, 8.5) 6.7 (5.7, 8.4) 0.365

Thrombectomy (n, %) 1465 (20%) 739 (38%) <0.001

Tenecteplase group has greater baseline predictors of sICH

CERTAIN ISC 2022



Rate of sICH, Total Sample

Alteplase
N=7313

Tenecteplase
N=1925

P-value

sICH (n, %) 264 (3.6%) 35 (1.8%) <0.001

CERTAIN ISC 2022



Logistic regression, Total sample

Odds ratio (95% CI) P-value N

sICH unadjusted 0.49 (0.35, 0.71) <0.001 9238

sICH adjusted* 0.42 (0.29, 0.61) <0.001 8726

Alteplase is reference category vs tenecteplase

*Adjusted for age, sex, NIHSS, onset-to-needle time, thrombectomy

CERTAIN ISC 2022



Alteplase
N=5848

Tenecteplase
N=1186

P-value

sICH (n, %) 175 (3.0%) 17 (1.4%) 0.003

Rate of sICH, no mechanical thrombectomy

CERTAIN ISC 2022



Logistic regression, no mechanical thrombectomy

Odds ratio (95% CI) P-value N

sICH unadjusted 0.47 (0.29, 0.78) 0.003 7034

sICH adjusted* 0.46 (0.28, 0.77) 0.003 6628

Alteplase is reference category vs tenecteplase

*Adjusted for age, sex, NIHSS, onset-to-needle time

CERTAIN ISC 2022



Alteplase
N=1465

Tenecteplase
N=739

P-value

Age (median years, IQR) 70 (58, 80) 73 (62, 81) <0.001

Male (n, %) 733 (50%) 408 (57%) 0.005

NIHSS (median, IQR) 15 (8, 21) 16 (9, 21) 0.229

Onset to needle (median minutes, IQR) 144 (97, 233) 199 (126, 304) <0.001

Systolic blood pressure (median mmHg, IQR) 145 (120, 167) 145 (120, 166) 0.749

Glucose (median mmol/L, IQR) 6.7 (5.8, 8.5) 6.7 (5.8, 8.3) 0.570

Baseline Features, mechanical thrombectomy

Tenecteplase group has greater baseline predictors of sICH

CERTAIN ISC 2022



Alteplase
N=1465

Tenecteplase
N=739

P-value

sICH (n, %) 89 (5.9%) 18 (2.4%) <0.001

Rate of sICH, mechanical thrombectomy

CERTAIN ISC 2022



Logistic regression: mechanical thrombectomy

Odds ratio (95% CI) P-value N

sICH unadjusted 0.39 (0.23, 0.65) <0.001 2204

sICH adjusted* 0.40 (0.24, 0.68) 0.001 2098

Alteplase is reference category vs tenecteplase

*Adjusted for age, sex, NIHSS, onset-to-needle time

CERTAIN ISC 2022



Limitations

• Non-randomized

• Unblinded

• Variability in definition and recording of registry source data

CERTAIN ISC 2022



Strengths

• Large sample

• Multinational, multicenter

• Rates of sICH agree with those from randomized trials; 
results unlikely due to bias

CERTAIN ISC 2022



Conclusions

• Incidence of symptomatic ICH in stroke patients treated 
with tenecteplase was half that of patients treated with 
alteplase
– Overall and for both EVT and non-EVT subgroups

• Statistically significant differences that were not previously 
observed in smaller samples

• Supports tenecteplase safety in clinical practice, relative to 
alteplase

CERTAIN ISC 2022



Alteplase vs Tenecteplase randomized trials

2022



Which Dose?





Randomized

LVO by CTA and thrombectomy candidate

TNK dose comparison: 0.25 vs 0.4 mg/kg

N (TNK) = 150 each group

? Substantial reperfusion on angiogram prior to EVT

No difference on reperfusion, sICH or mRS

No advantage to doses higher than 0.25 mg/kg





Phase 3.  0.4 mg/kg TNK vs ALT

Randomized, Open, Non-inferiority

< 4.5 hr: NIHSS > 5

Terminated early for Safety

N = 100 (TNK), 104 (ALT)

Symptomatic ICH and Mortality greater for 0.4 mg/kg TNK

57% were LVOs





Phase 2 Mobile Stroke Unit

Randomized, Open 

< 4.5 hr; 0.25 mg/kg TNK vs ALT

N = 55 (TNK), 49 (ALT)

Volume of Perfusion Lesion (CTP) on hospital arrival

Smaller perfusion volume with TNK

Quicker door-to-needle





Phase 3 Wake-up Stroke

Randomized, PROBE

< 4.5 hr from awakening

0.25 mg/kg TNK (N=288) vs standard care (N=290)

Imaging Screen Non-contrast CT

mRS at 3 month 45% (TNK) vs 38% (ns)

More EVT in control arm





Phase 3.  0.25 mg/kg TNK vs ALT

Randomized, Open, Registry-based, Non-inferiority

< 4.5 hr.  Thrombolytic Eligible

N = 771 (TNK), 806 (ALT)

Non-inferiority demonstrated

No differences in sICH

Outcomes trend better in LVO with TNK



Phase 3.  0.25 mg/kg TNK vs ALT

Randomized, Open, Registry-based, Non-inferiority

< 4.5 hr.  Thrombolytic Eligible

N = 771 (TNK), 806 (ALT)

Non-inferiority demonstrated

Weighted tiered dosing (10kg increments): >0.25mg/kg)

94% in CSCs



On going Phase 3 RCTs with tenecteplase vs 
alteplase <4.5 hours

Trial Outcome Target population N

ATTEST-2 Superiority, mRS shift Not EVT eligible 1870

TASTE-2 Superiority, mRS 0-1 LVO; favorable perfusion pattern 1024

TRACE-II Non-inferiority, mRS 0-1 Not EVT eligible 1430



Other clinical trials with tenecteplase

Trial Time window Control arm Target population N

TEMPO-2 12 SOC minor stroke with proven occlusion 1274

BRIDGE-TNK 4.5 no lytic LVO 542

DIRECT-TNK 4.5 placebo Mechanical thrombectomy 530

RESILIENT 4.5-12 placebo Non-LVO 642

TIMELESS > 4.5  < 24 placebo LVO with penumbra 456

ETERNAL < 24 SOC Anterior Circ LVO with penumbra 740

POST-ETERNAL < 24 SOC Basilar artery occlusion 688



Tenecteplase as stroke Thrombolytic (as of July 2022)

Data supports tenecteplase as a thrombolytic option

Data indicates at least non-inferiority to alteplase

Possible superiority in early recanalization, safety, 90-day 
mRS, but confirmation required 



Implications for non-TNK clinical trials

• Regulatory: Off-label of thrombolytic use in FDA regulated trials 
seeking new indication for a drug or device in addition to lytic.

• Design: Trial could limit to one drug but that has recruitment rate and 
generalizability issues. Currently ~ 20% lytic cases in US are with TNK

• Statistics: If ALT and TNK have different effects – sICH, recanalization 
rates – how does that affect trial planning, assumptions of effect size 
for the non-lytic intervention being tested?  Stratify randomization 
sufficient? 


