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Evolution of IV Thrombolysis in Stroke

NINDS IV TPA trial in 1995 showed significant benefit in functional
outcomes with alteplase

Pooled analysis of three randomized controlled trials (European
Cooperative Acute Stroke Study ECASS I, ECASS II, Alteplase
Thrombolysis for Acute Noninterventional Therapy in Ischemic Stroke
[ATLANTIS]) showed potential benefit up to 4.5 hours

ECASS Ill'in 2008, randomized 821 patients to alteplase vs placebo
within 4.5 hours, showed favorable outcomes in alteplase group (52.4%
vs. 45.2%)

Further meta-analysis data of pooled trials in 2014 showed benefit of tpa
up to 4.5 hours

AHA/ASA and European Stroke Guidelines extended tpa window to 4.5
hours
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Tissue Window vs Time Windows

* 14% - 27% ischemic stroke patients wake up with stroke symptoms
Unclear time of symptom onset
Initial stroke event within a few hours of awakening.

In such patients, the LKW time may not be an accurate marker of
symptom onset

Use of a tissue-window rather than time-window is needed

Advanced Imaging in Establishing
Tissue Windows

CTP & MRI Brain using advanced imaging software can
Help better predict the time of onset of ischemic event

+ Calculate infarct core

+ Estimate potentially salvageable brain tissue
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Advanced Imaging Parameters

CTP MRI

Infarct Core: rCBF <30% * |nfarct Core: ADC threshold of

Penumbra: T.max > 6.0 seconds <620x10-* mm/s
*  FLAIR negative: <4.5 hours

e Penumbra: T.max > 6.0 seconds

Intravenous Thrombolysis in Unwitnessed
Stroke Onset: MR WITNESS Trial Results

Lee H. Schwamm, MD," Ona Wu, PhD,” Shlee S. Song, MD,’
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Objective: Most acute ischemic stroke (AlS) patients with unwitnessed symptom onset are ineligible for intravenous
thrombolysis due to timing alone. Lesion evolution on fluid-attenuated inversion recovery (FLAIR) magnetic resonance
imaging (MRI) correlates with stroke duration, and quantitative mismatch of diffusion-weighted MRI with FLAIR
(qDFM) might indicate stroke duration within guideline-recommended thrombolysis. We tested whether intravenous
thrombolysis <4.5 hours from the time of symptom discovery is safe in patients with gDFM in an open-label, phase
2a, prospective study (NCT01282242).
Methods: Patients aged 18 to 85 years with AIS of unwitnessed onset at 4.5 to 24 hours since they were last known
to be well, treatable within 4.5 hours of symptom discovery with intravenous alteplase (0.9mg/kg), and presenting
with qDFM were screened across 14 hospitals. The primary outcome was the risk of symptomatic intracranial hemor-
rhage (sICH) with preplanned stopping rules. Secondary outcomes included symptomatic brain edema risk, and func-
tional outcomes of 90-day medified Rankin Scale (mRS).
Results: Eighty subjects were enrolled between January 31, 2011 and October 4, 2015 and treated with alteplase at
median 11.2 hours (IOR = 9.5-13.3) from when they were last known to be well. There was 1 sICH (1.3%) and 3 cases
of symptomatic edema (3.8%). At 90 days, 39% of subjects achieved mRS = 0-1, as did 48% of subjects who had ves-
sel imaging and were without large vessel occlusions.
Interpretation: Intravenous thrombolysis within 4.5 hours of symptom discovery in patients with unwitnessed stroke
selected by qDFM, who are beyond the recommended time windows, is safe. A randomized trial testing efficacy
using qDFM appears feasible and is warranted in patients without large vessel occlusions.

ANMN NEUROL 2018;00:000-000
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MRI-Guided Thrombolysis for Stroke
with Unknown Time of Onset

Key Points

* Randomly assigned patients with unknown “time of onset of stroke”,
with ischemic lesion on DWI but no parenchymal hyperintensity on
FLAIR, to iv alteplase vs placebo

* Primary Outcome Measure: Favorable outcome (mRS 0-1) at 90 days

* Secondary Outcome Measure: Likelihood that alteplase would lead to
lower ordinal scores on the mRS than would placebo (shift analysis).

* 503 patients enrolled (Planned 800, stopped early 2/2 lack of funding)

* Statistically significant improvement in functional outcomes in iv
alteplase arm but also higher rates of parenchymal hemorrhage (PH2)




Results

* A favorable outcome at 90 days was reported in 131 of 246 patients
(53.3%) in the alteplase group and in 102 of 244 patients (41.8%) in the
placebo group (Adjusted OR 1.61; 95% confidence interval [CI], 1.09 to
2.36; P=0.02).

* The median score on the modified Rankin scale at 90 days was 1 in the
alteplase group and 2 in the placebo group (Adjusted Common OR 1.62;
95% Cl, 1.17 to 2.23; P=0.003).

* There were 10 deaths (4.1%) in the alteplase group and 3 (1.2%) in the
placebo group (OR 3.38; 95% Cl, 0.92 to 12.52; P=0.07).

* The rate of symptomatic intracranial hemorrhage was 2.0% in the alteplase
group and 0.4% in the placebo group (OR 4.95; 95% Cl, 0.57 to 42.87;
P=0.15).

WAKE Up Trial

Score on the Modified Rankin Scale at 90 Days
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Placebo
(N=249) 15 27 23 17
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Table 1. graphic and Clinical Ch istics of the Patients at Baseline.”

Alteplase Group Placebo Group

Variabla [N=254) [N=245)
Mean age 250 —yr 65.3x11.2 65.2:11.9
Male sex — no. (%) 165 (65.0) 160 (64.3)
Reason for unknown time of symptom onset — no. (%)

Nighttime sleep 227 (39.4) 222 (89.2)

Daytime sleep 12 (4.7) 11 {4.4)

Aphasia, confusion, or other 15 (5.9) 16 {6.4)
Median interval between last time the patient was known to be well 72(47-87) 7.0 (5.0-9.0)

and symptom recognition (IQR) — hr

Medical history — no. (%)

Arterial hypertension 135 (53.1) 131 (52.6}

Diabetes mellitus 43 (16.9) 39(15.7)

Hyperchalesterolemia 93 (36.6) 85(34.1)

Atrial fibrillation 30(11.8) 29 (11.6)

History of ischemic stroke 37 {14.6) 31 {12.4)
Median NIHSS score [IQR) | 6 (4-8) 6 [4-9)

Vessel occlusion on time-of-flight MRA — no.jtotal ne, (3%)
Any

Intracranial internal caratid artery

84249 (33.7)
24/249 (9.6)

£4/246 (34.1)
11/246 {4.5)

Middle cerebral artery main stem 15/249 (14.1) 37j246 (15.0)
Middle cerebral artery branch 32/249 (12.9) 36/246 (14.6)
Otherg; 12/249 (4.8) 12/246 (4.9)
Median lesion volume on diffusion-weighted imaging llQﬂ} —ml 2.0 (0.8-7.9) 2.5 (0.7-8.8) |
Median time from symptom recognition to MRI (IQR) — hr 26(1.9-3.3) 26(21-3.3)
Median time between end of MRI and treatment initation (IQR) — 25 (16-35) 26 (18-37)
min
Median time from symptom recognition to treatment initiation 311 (2.5-38) 312 {26-39)
(1QR) — he
Interval between last time that the patient was last keown to be well 103 (8.1-12.0) 10.4 (8.1-12.1)
and treatment initiation (IQR) — hr
Table 2. Primary and S lary Efficacy O (I ion-to-Treat Population).*
Alteplase Group Placebo Group Adjusted Value
Outcome (N =254) (N =249) Effect Variable (95% CI)f P Value
Primary efficacy end point
Favorable outcomne at 90 days — 131/246 (53.3)  102/244 (41.8) Odds ratio 1.61 0.02
no.ftotal no. (%)% (1.09 to 2.36)
Secondary efficacy end points
Median score on modified Rankin 1(1to3) 2 (1to3) Common odds 1.62 0.0039
scale at 90 days (IQR)§ ratio (1.17 10 2.23)
Correlation between treatment re- 72/246 (29.3) 44244 (18.0) Odds ratio 1.88 0.0049
sponse at 90 days and deficit level (1.22 to 2.89)
at baseline — no. ftotal no. (36)|
Global Outcome Score at 90 days** Odds ratio 1.47 0.029
(1.07 to 2.04)
Median score on Beck Depression 6.0 (20t011.0) 7.0 (2.0to 14.0) Mean difference -0.04 0.699
Inventory at 90 days (IQR) 1§ (loge) (-0.22t0 0.15)
Total score on EQ-5D at 90 daysi: 1.9:2.1 2.4+2.4 Mean difference -0.52 0.0049
(-0.88 10 -0.16)
Score on visual analog scale on 726197 64.9+23.8 Mean difference 7.64 <0.0019
EQ-5D at 90 days{j (3.75 to 11.51)
Median infarct volume at 22-36 hr 3.0{08t017.7) 3.3(1.1to16.6) Mean difference -0.16 0.329

(1QR) —ml 19

(loge)

(-0.47 t0 0.15)




Table 3. Safety Outcomes.

Adjusted Odds
Alteplase Group  Placebo Group Ratio
Outcome (N=251) (N=244) (95% CIp* P Value
Primary{
Death or dependency at 90 days 33(13.5) 44 (18.3) 0.68 017
(0.39-1.18)
Death at 90 days 10 (4.1) 1012 3.38 0.07
(0.92-12.52)
Secondary
Symptomatic intracranial hemorrhage
As defined in SITS-MOSTS 5 (2.0 1{0.4) 4.95 0.15
(0.57-42.87)
As defined in ECASS 11§ 7(2.8) 112 2.40 0.21
(0.60-9.53)
As defined in ECASS 1Y 6{2.4) 1 {0.4) { 0.10
(0.72-50.87)
As defined in NINDS 20(2.0) 12 (4.9) 1.78 013
(0.84-3.71)
Parenchymal hemorrhage type 2+* 10 (4.0) 1 (0.4) 10.46 0,03
(1.32-82.77)
Othert{
Space-cccupying brain infarction or edema 6(2.4) 2 (0.8)
with dlinical deterioration
Recurrent ischemic stroke
Asymptomaticii 58 (23.1) 55 (22.5)
Symptomatic 17 (6.8) 8(33)
Major extracranial bleeding 3({L2) o
Severe anaphylactic reaction 1} 1 (0.4)

Conclusion:

* In patients with acute stroke with an unknown time of onset,
intravenous alteplase guided by a mismatch between diffusion-
weighted imaging and FLAIR in the region of ischemia resulted in a
significantly better functional outcome and numerically more

intracranial hemorrhages than placebo at 90 days.




Proposed Algorithm of Extended Window IVT

| Patient with suspected stroke |

< 4.5 hours w\

CT/CTA I CT/CTA (and CTP if > 6 hours)

LVO present
(and threshold core-perfusion
mismatch if 6-24 hours)

LVO absent LVO present

LVO absent

Chemical Chemical thrombolysis and I Mechanical thrombectomy
thrombolysis mechanical thrombectomy
DWI/FLAIR
mismatch
present
Silver, Brian, and Marcel Arnold. "Implications of the WAKE-UP : "
Trial." Stroke 49.12 (2018): 3115-3117. Chemical thrombolysis
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Thrombolysis Guided by Perfusion Imaging up to 9 Hours
after Onset of Stroke
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Key Points

Multicenter, randomized, Elacebo—controlled trial of patients with
ischemic stroke who had hypoperfused but salvageable regions of
brain detected on automatéd perfusion imaging

Randomly assigned to receive intravenous alteplase or placebo
between 4.5 and 9.0 hours after the onset of stroke or on awakening
with stroke (if within 9 hours from the midpoint of sleep).

The primary outcome was a score of 0 or 1 on the modified Rankin
gcale, on which scores range from 0 (no symptoms) to 6 (death), at 90
ays.

After 225 of the planned 310 patients had been enrolled, the trial was
terminated because of a loss of equipoise after the publication of
positive results from WAKE-UP trial

A total of 113 patients were randomly assigned to the alteplase group
and 112 to the placebo group.

Patient Selection

Of the 225 patients enrolled, 65% of the patients had stroke
symptoms upon awakening.

CTP or perfusion-diffusion MRI images were used to assess
infarct core and perfusion deficit using Rapid Processing of
Perfusion and Diffusion (RAPID) automated software
(iISchemaView, Menlo Park, CA).

Perfusion lesion to infarct core mismatch was defined as a
ratio greater than 1.2 between the volume of hypoperfused but
salvageable tissue and the volume of the infarct core

Absolute difference in volume greater than 10 mi
Infarct core volume of less than 70 ml.




Results

* The primary outcome occurred in 40 patients (35.4%)
in the alteplase group and in 33 patients (29.5%) in the
placebo group (adjusted risk ratio, 1.44; 95%
confidence interval [Cl], 1.01 to 2.06; P=0.04).

« Symptomatic intracerebral hemorrhage occurred in 7
patients (6.2%) in the alteplase group and in 1 patient
(0.9%) in the placebo group (adjusted risk ratio, 7.22;
95% CI, 0.97 to 53.5; P=0.095).

Table 1. Characteristics of the Patients at Baseline.*
Alteplase Placebo
Characteristic (N=113) (N=112)
Age —yr 73.7£11.7 71.0£12.7
Male sex — no. (%) 59 (52.2) 66 (58.9)
[Median NIHSS score (IQR)T 12,0 (8.0-17.0) 10.0 (6.0-16.5) ]
Clinical history of atrial fibrillation — no. (%) 46 (40.7) 36 (32.1) |
Geographic region — no. (%)
Australia, New Zealand, and Finland 90 (79.6) 83 (78.6)
Taiwan 23 (20.4) 24 (21.4)
Time from stroke onset to randomization — no, (%)
>4.5 to 6.0 hr 12 {10.6) 11 {9.8)
=6.0to 9.0 hr 28 (24.8) 28 (25.0)
[ Awoke with stroke symptoms 73 (64.6) 73 (65.2) |
Median time from stroke onset to hospital arrival (IQR) — min 308 (227-362) 293 (230-357)
Median time from stroke onset to initiation of intravenous therapy 432 (374-488) 450 (374-500)
(IQR) — min
Median time frem hospital arrival to initiation of intravencus therapy 124 (21-179) 127 (87-171)
(IQR) — min
Imaging result
[ Large-vessel occlusion — ne. (%] 78 (69.0) 81 (723) |
[ Median volume of irreversibly injured ischemic-core tissue at 4.6 (0-23.2) 2.4 (0-19.5) |
initial Tmaging {TQR] — mrY H Ma et al. N Engl ) Med
Median perfusion-lesion velume at initial imaging (IQR) — ml| 74.3 (40.1-134.0) 78 (47.7-111.8) 2019;380:1795-1803.




Table 2. Efficacy and Safety Outcomes.*

Percentage of reperfusion at 24 hr

Adjusted Unadjusted
Al Placebo Effect Size Effect Size
Outcome N=113) N=112} [95% CIf P Value (95% CIjf P Value
o, frotal no. (%)
Primary outcome
Ism- of 010 1 on the modified Rankin 407113 (354) 337112 (29.5) 1.4 (1.01-2.06) 0.04 1.2 (0.82-1.76) n.:ﬂ
scale at 90 daysi
Secondary outcomes
Score on the modified Rankin scale at
days
0 140113 (124)  12/112 (10.7)
1 26/113 (23.0) 217112 (18.8)
2 16/113 (142)  15/112 (13.4)
3 157113 {13.3) 16/112 (14.3}
4 15/113 {13.3) 24[112 (21.4)
5 14/113(124)  14/112 (12.5)
[3 13/113 {1L.5)} 107112 (3.5)
Functional improvement] 1.55 (0.96-2.45) L18 (0.74-1.87)
Functional independenceq S6/113 (45.6) 487112 (428) 136 (L.06-17¢) L16 (0.87-1.54)

290% S3/106(50.0) 317109 (28.4) 173 {1.22-248) 176 (1.23-251)
250% 76/106 (TL7)  S7/109(523) 135 (L0S-167) 137 (L10-1.70)
Tertiary cutcomes
Recanalization at 24 hr 72107 (67.3) 437109 (39.4%)  1.68 (1.29-2.19) 171 {L30-223)
Major neurclogic improverment|
At24 he 113 (23.8) 11112 (3.8) 2.76 [1.45-5.26) 243 (127-467)
At72he 3112 (286)  22/112(196) 156 [0.97-252) 145 (0.50-2.34)
At 90 days 59/101 (58.4) 49,99 (49.5) 1.17 (0.91-1.52) 118 (0.51-1.53)
Safety outcomes
Death within 90 days after intervertion ~ 13/113 (115} 10/112 (8.5) 117 (057-2.40) 067 129 (0.59-287) 053
F,mptomi(-c :umcrama! hemorrhage 7113 (6.2) 1112 (0.9) 722 (097-53.54) 0053 654 (0.86-55.73) 007
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Figure 54. Pre-specified subgroup analyses for the primary outcome
{modified Rankin scale 0-1)
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Conclusion:

* Among the patients in this trial who had ischemic stroke and
salvageable brain tissue, the use of alteplase between 4.5 and 9.0
hours after stroke onset or at the time the patient awoke with stroke
symptoms resulted in a higher percentage of patients with no or
minor neurologic deficits than the use of placebo.

* There were more cases of symptomatic cerebral hemorrhage in the
alteplase group than in the placebo group.




Meta-Analysis Data for Extending

Thrombolysis

* Meta-analysis of EXTEND, ECASS4-EXTEND, and EPITHET published in 2019

* Of the 414 patients included in the three trials, 213 (51%) were assigned to
receive alteplase and 201 (49%) were assigned to receive placebo.

* Overall, 211 patients in the alteplase group and 199 patients in the placebo
group had mRS assessment data at 3 months and thus were included in the
analysis of the primary outcome.

* 76 (36%) of 211 patients in the alteplase group and 58 (29%) of 199
patients in the placebo group had achieved excellent functional outcome at
3 months (adjusted odds ratio [OR] 1:86, 95% Cl 1-15-2-99, p=0-011).

* Symptomatic intracerebral haemorrhage was more common in the
alteplase group than the placebo Eroup (ten [5%] of 213 patients vs one
[<1%] of 201 patients in the placebo group; adjusted OR 9:7, 95% Cl 1-23—
76-55, p=0-031).

Ca
perfusion imaging: a systematic review and meta-analysis of individual patient data." The
Lancet 394.10193 (2019): 139-147.

Future Directions

« Can IVT be extended beyond 9 hours?
« Better thrombolytic agents?
« Real world implications
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Tenecteplase versus Alteplase before Thrombectomy
for Ischemic Stroke
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Background: Tenecteplase

3-point mutated, bioengineered, 75 kDa

variant of alteplase

- Longer half-life

- Higher fibrin specificity

- Increased resistance to plasminogen activator
inhibitor-1

- Approved by FDA for treatment of Ml in 2000

- Cost: $5,800




Alteplase (tPA)
Molecular Weight 70 kd
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Campbell, Bruce CV, et al. "Tenecteplase versus alteplase before endovascular thrombectomy

(EXTEND-IA TNK): A multicenter, randomized, controlled study.” (2018): 328-334.




CONCLUSIONS

« TNK resulted in higher incidence of reperfusion
than IV-alteplase before EVT
- Trial not powered for superiority
- Predominantly among MCA occlusion patients

- NNT 8.3 (compared to 15 with alteplase in
ECASS-III)

« Safety: No difference
« Costin U.S: $5800 (TNK) vs $8800 (Alteplase)

.

Ongoing Tenecteplase Trials

« TWIST (Tenecteplase in Wake-up Ischemic Stroke
Trial) study from Norway (NCT03181360).

« TIMELESS study (Tenecteplase in Stroke Patients
Between 4.5 and 24 hours) in North America is a
phase lll, randomized, placebo-controlled trial of IVT in
patients presenting within 4.5 and 24 hours from LKW
time with ELVO, using perfusion based imaging to
assess the efficacy and safety of tenecteplase
(NCTO03785678).




Real World Implications & Unknowns

« How feasible is late window thrombolysis?
« Every PSC may not have MRI or CTP available
« Every CSC may not have MRI techs available 24/7

 Is the benefit of extending late window IVT enough to justify
bypassing PSC

» Need for advanced infrastructure
» Do all strokes subtypes benefit the same from late window

IVT?

Real World Implication in the US

+ 136 stroke patients presented and were imaged in the specified time
window.

+ Ofthese, 17 (12.5%) received IV tPA.

* Three patients had hemorrhage on 24-h MRI follow up; none had an
increase in NIHSS 24.

+ Of the 119 patients who were screened but not treated, 18 (15%) were
eligible based on FLAIR quantitative assessment and 55 (46%) were
eligible based on qualitative assessment. In all cases where patients
were not treated, there was an identifiable exclusion based on trial
criteria.

» During the study period (2016-2018), IV tPA utilization was increased by
5.6% due to screening and treating patients with unknown onset stroke.

Adil, Malik M., et al. "Routine use of FLAIR-negative MRI in the treatment of unknown onset stroke." Journal of
Stroke and Cerebrovascular Diseases 29.9 (2020): 105093.




https://www.youtube.com/watch?v=hed3FVdmOxU

Proposed Algorithm of Extended Window IVT

| Patient with suspected stroke |

Yo, W

CT/CTA | CT/CTA (and CTP if > 6 hours)

LVO present
(and threshold core-perfusion LVO absent
mismatch if 6-24 hours)

LVO absent LVO present

Chemical Chemical thrombolysis and | Mechanical thrombectomy | | MRI |
thrombolysis mechanical thrombectomy
DWI/FLAIR
mismatch
present

Silver, Brian, and Marcel Arnold. "Implications of the WAKE-UP ch ical th P
Trial." Stroke 49.12 (2018): 3115-3117. emical thrombolysis




Summary

Thrombolysis windows can be extended using tissue-based windows

Thedfield of acute stroke management is shifting from time-based windows to tissue-based
windows

Both CTP and MRI can help establish infarct core, penumbra and time of onset of
symptoms in those with unclear LKW or wake up strokes

Equally important to know limitations of perfusion imaging

Real world implication of universal late window thrombolysis will be challenging but should
be an option where available

The ultimate £|103| is to be able to treat more patients who otherwise may not have been
eligible for IV

SigniEcantly higher rates of symptomatic hemorrhages in IVT group, however benefits
>>risks

Using more potent thrombolytics may be more efficacious. Studies of tenecteplase ongoing

Advanced infrastructure changes will be needed to make late window IVT an option at every
stroke center
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