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The Stroke Thrombolysis TrialistsΩ /ƻƭƭŀōƻǊŀǘƛƻƴ 

ÅCollaboration between trialists and meta-analysts, 
set up prior to knowledge of the results from the 
Third International Stroke Trial (IST-3) 

 

ÅStatistical analysis plan published in Int J Stroke 2013 

 

Å9 trials including 6756 randomized patients 

ïATLANTIS A/B, ECASS I/II/III, EPITHET, IST-3, NINDS A/B 

 



Primary pre-specified aims 

ÅThe extent to which treatment delay modifies the 
effect of rt-PA on stroke outcome 

 

ÅThe extent to which age or stroke severity 
independently modify these effects 

 

ÅThe effects of rt-PA on risk of sICH and on mortality 

 



Pre-specified outcomes 

ÅPrimary efficacy 

ïModified Rankin Scale (mRS) 0/1 at 3-6 months post stroke 

 

ÅSafety endpoints 

ï90-day mortality 

ïSymptomatic intracranial haemorrhage (sICH) 

ÅParenchymal haemorrhage of type 2 (PH2) within 7 days 

ÅSITS-MOST definition of PH2 type haemorrhage within 36 
hrs 

ïFatal ICH within 7 days 



Pre-specified methods: 1-stage meta-analysis 

ÅPrimary outcome: mRS 0-1 vs 2-6 

ïMultivariable (unconditional) logistic regression models 
stratified by trial and adjusted for: 
Åtreatment allocation  

Åtreatment delay, age and stroke severity 

Å2-way interactions between treatment allocation and each of the 
potential effect-modifiers 

Å90-day mortality 

ïEquivalent Cox regression models 

ÅAll analyses are  intention-to-treat 



Baseline characteristics 

Trial Randomized treatment 
allocation 

IST-3 
(n=3035) 

8 previous 
trials (n=3721) 

rt-PA 
(n=3391) 

Control 
(n=3365) 

Treatment delay 
(hours) 

4.2 (1.2) 3.9 (1.2) 4.0 (1.2) 4.0 (1.2) 

Җо 20 25 23 23 

ҔоΣ ҖпΦр 38 44 40 42 

>4.5 42 30 36 35 

Age (years) 77 (12) 66 (12) 71 (13) 71 (13) 

Җул 47 97 74 75 

>80 53 3 26 25 

Stroke severity 
(NIHSS) 

12 (6.9) 12 (6.2) 12 (6.6) 12 (6.5) 



Time to treatment (hours) 
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Interaction p=0.016 

Slope not significantly altered by age or stroke severity 

Effect on mRS 0-1 by treatment delay 



0.5 0.75 1 1.5 2 2.5 

rt-PA 

(n=3391) 

Control 

(n=3365) 
Odds ratio 

(95% CI) 

rt-PA worse rt-PA better 

Treatment delay (hours) 

¢ 3 259/787 (33%) 176/762 (23%) 1.75 (1.35 - 2.27) 

>3,  ¢ 4.5 485/1375 (35%) 432/1437 (30%) 1.26 (1.05 - 1.51) 

>4.5 401/1229 (33%) 357/1166 (31%) 1.15 (0.95 - 1.40) 

Effect on mRS 0-1 by treatment delay 



Effect on mRS 0-1 between 3 and 4.5 hrs 

Trial Allocated alteplase 
(n=1375) 

Allocated control  
(n=1437) 

ECASS I 42 35 

ECASS II 52 40 

ECASS III 218 178 

ATLANTIS A 2 4 

ATLANTIS B 49 52 

EPITHET 3 3 

IST-3 119 120 

Total 485 (35%) 432 (30%) 



0.5 0.75 1 1.5 2 2.5 

rt-PA 

(n=3391) 

Control 

(n=3365) 
Odds ratio 

(95% CI) 

Age (years) 

¢ 80 990/2512 (39%) 853/2515 (34%) 1.25 (1.10 - 1.42) 

>80 155/879 (18%) 112/850 (13%) 1.56 (1.17 - 2.08) 

Baseline NIHSS 

0-4 237/345 (69%) 189/321 (59%) 1.48 (1.07 - 2.06) 

5-10 611/1281 (48%) 538/1252 (43%) 1.22 (1.04 - 1.44) 

11-15 198/794 (25%) 175/808 (22%) 1.24 (0.98 - 1.58) 

16-21 77/662 (12%) 55/671 (8%) 1.50 (1.03 - 2.17) 

² 22 22/309 (7%) 8/313 (3%) 3.25 (1.42 - 7.47) 

rt-PA worse rt-PA better 

Effect on mRS 0-1 by age and stroke severity 
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c 
1 
2 
= 0.71 (p=0.40) 

mRS 0 

(vs 1-6) 

1 3 5 

c 
1 
2 
= 5.80 (p=0.016) 

mRS 0-1 

(vs 2-6) 

1 3 5 

c 
1 
2 
= 5.43 (p=0.020) 

mRS 0-2 

(vs 3-6) 

1 3 5 

c 
1 
2 
= 5.88 (p=0.015) 

mRS 0-3 

(vs 4-6) 

1 3 5 

c 
1 
2 
= 4.75 (p=0.029) 

mRS 0-4 

(vs 5-6) 

1 3 5 

c 
1 
2 
= 2.97 (p=0.08) 

mRS 0-5 

(vs 6) 

Effect on mRS by treatment delay 
όŀƭǘŜǊƴŀǘƛǾŜ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ΨƎƻƻŘΩ ƻǳǘŎƻƳŜύ 



rt-PA Control RR (95% CI) 

Number randomized 3391 3365 

Intracranial haemorrhage 

 - PH2 at 7 days 231 (6.8%) 44 (1.3%) 5.55 (4.01 ς 7.70) 

 - SITS-MOST at 36 hours 124 (3.7%) 19 (0.6%) 6.67 (4.11 ς 10.8) 

 - Fatal ICH (within 7 days) 91 (2.7%) 13 (0.4%) 7.14 (3.98 ς 12.8) 

Death within 90 days 608 (17.9%) 556 (16.5%) 1.11 (0.99 ς 1.25) 

Symptomatic ICH and 90-day mortality 



0.5 1 2 4 8 16 32 

51/787 (6.5%) 7/762 (0.9%) 

82/1375 (6.0%) 21/1437 (1.5%) 

98/1229 (8.0%) 16/1166 (1.4%) 

153/2512 (6.1%) 27/2515 (1.1%) 

78/879 (8.9%) 17/850 (2.0%) 

10/345 (2.9%) 1/321 (0.3%) 

65/1281 (5.1%) 8/1252 (0.6%) 

63/794 (7.9%) 7/808 (0.9%) 

54/662 (8.2%) 21/671 (3.1%) 

39/309 (12.6%) 7/313 (2.2%) 

5.55 (4.01 - 7.70) 231/3391 (6.8%) 44/3365 (1.3%) 

rt-PA better rt-PA worse 

Effect on sICH (PH2 definition) 

Treatment delay (hours) 

¢ 3 

>3,  ¢ 4.5 

>4.5 

Age (years) 

¢ 80 

>80 

Baseline NIHSS 

0-4 

5-10 

11-15 

16-21 

² 22 

All patients 

rt-PA 
(n=3391) 

Control 
(n=3365) 

RR (95% CI) 



0.5 1 2 4 8 16 32 

30/787 (3.8%) 3/762 (0.4%) 

43/1375 (3.1%) 8/1437 (0.6%) 

51/1229 (4.1%) 8/1166 (0.7%) 

88/2512 (3.5%) 14/2515 (0.6%) 

36/879 (4.1%) 5/850 (0.6%) 

6/345 (1.7%) 1/321 (0.3%) 

40/1281 (3.1%) 5/1252 (0.4%) 

37/794 (4.7%) 2/808 (0.2%) 

26/662 (3.9%) 8/671 (1.2%) 

15/309 (4.9%) 3/313 (1.0%) 

6.67 (4.11 - 10.84) 124/3391 (3.7%) 19/3365 (0.6%) 

rt-PA better rt-PA worse 

Effect on sICH (SITS-MOST definition) 

Treatment delay (hours) 

¢ 3 

>3,  ¢ 4.5 

>4.5 

Age (years) 

¢ 80 

>80 

Baseline NIHSS 

0-4 

5-10 

11-15 

16-21 

² 22 

All patients 

rt-PA 
(n=3391) 

Control 
(n=3365) 

RR (95% CI) 



0.5 1 2 4 8 16 32 

rt-PA 
(n=3391) 

Control 
(n=3365) 

RR (95% CI) 

rt-PA better rt-PA worse 

22/787 (2.8%) 2/762 (0.3%) 

35/1375 (2.5%) 7/1437 (0.5%) 

34/1229 (2.8%) 4/1166 (0.3%) 

59/2512 (2.3%) 9/2515 (0.4%) 

32/879 (3.6%) 4/850 (0.5%) 

3/345 (0.9%) 0/321 (0.0%) 

20/1281 (1.6%) 5/1252 (0.4%) 

23/794 (2.9%) 1/808 (0.1%) 

24/662 (3.6%) 5/671 (0.7%) 

21/309 (6.8%) 2/313 (0.6%) 

7.14 (3.98 - 12.79) 91/3391 (2.7%) 13/3365 (0.4%) 

Effect on fatal ICH within 7 days 

Treatment delay (hours) 

¢ 3 

>3,  ¢ 4.5 

>4.5 

Age (years) 

¢ 80 

>80 

Baseline NIHSS 

0-4 

5-10 

11-15 

16-21 

² 22 

All patients 



18 

0.5 0.75 1 1.5 2 

RR 
(95% CI) 

Risk period rt-PA 
(n=3391) 

Control 
(n=3365) 

rt-PA better rt-PA worse 

Days 1-7 * 1.39 (1.16-1.67) 282 (8.3%) 204 (6.1%) 

Days 8-30 0.97 (0.79-1.20) 178 (5.2%) 188 (5.6%) 

Days 31-90 0.92 (0.74-1.15) 148 (4.4%) 164 (4.9%) 

Subtotal: 90-day 1.11 (0.99-1.25) 

mortality 

608 (17.9%) 556 (16.5%) 

* Includes 91 vs 13 deaths from ICH and 191 vs 191 deaths from other causes 

No. (%) dead within 90 days 

Effect on 90-day mortality by period 
of follow-up 



0.5 0.75 1 1.5 2 2.5 

Treatment delay 

(hours) 

No. (%) dead within 90 days 

r t-P A 

(n=3391) 

Contr ol 

(n=3365) RR (95% CI) 

rt-PA better rt-PA worse 

¢3 175/787 (22.2%) 166/762 (21.8%) 1.00 (0.81 - 1.24) 

>3,  ¢ 4.5 232/1375 (16.9%) 229/1437 (15.9%) 1.14 (0.95 - 1.36) 

>4.5 201/1229 (16.4%) 161/1166 (13.8%) 1.22 (0.99 - 1.50) 

All patients 1.11 (0.99 - 1.25) 608/3391 (17.9%) 556/3365 (16.5%) 

p-value for trend across 3 groups shown = 0.21 

Effect on 90-day mortality by treatment delay 



What does all this mean for a typical group of 
100 stroke patients? 

Suppose that 25 would have had 
a good stroke outcome (mRS 0-1) 
without rt-PA and 6 would have 
died within the first week 

If they had all been given rt-PA 
ǿƛǘƘƛƴ о ƘƻǳǊǎΧ 
 
ΧǘƘŜ ƴǳƳōŜǊ recovering rises 
to about 35 
Χōǳǘ н ŜȄǘǊŀ ǿƻǳƭŘ ŘƛŜ ŦǊƻƳ 
ICH within 7 days 



Årt-PA improves the odds of surviving with no significant 
disability when delivered within 4.5 hours of stroke onset, 
including among patients aged >80 years  

ÅEarlier treatment results in bigger proportional benefits  

Årt-PA increases the early risk of death from ICH, but has 
no significant effect on other causes of early death 

ÅAmong those treated earlier, there is a suggestion that 
this early hazard may be followed by later mortality 
benefits 

Conclusions 



SUPPLEMENTARY SLIDES 



Effect on mRS 0-1 by treatment delay, 
age and stroke severity 
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Effect on mRS 0-1 by age, 
at different treatment delays 

0.5 0.75 1 1.5 2 2.5 

rt-PA 
(n=3391) 

Control 
(n=3365) 

Odds ratio 
(95% CI) 

r t-P A w orse r t-P A better 

¢ 80 ¢ 80 years 

¢ 3  hours 1.68 (1.24-2.26) 204/485 (42.1%) 146/498 (29.3%) 

3-4.5 hours 1.26 (1.04-1.54) 427/1033 (41.3%) 382/1073 (35.6%) 

>4.5 hours 1.07 (0.87-1.32) 359/994 (36.1%) 325/944 (34.4%) 

>80 years 

¢ 3  hours 1.86 (1.11-3.13) 55/302 (18.2%) 30/264 (11.4%) 

3-4.5 hours 1.36 (0.87-2.14) 58/342 (17.0%) 50/364 (13.7%) 

>4.5 hours 1.55 (0.90-2.65) 42/235 (17.9%) 32/222 (14.4%) 

Test for whether age modifies the interaction between treatment delay and treatment effect: 

p-value=0.08 



Age and stroke severity versus treatment delay 
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Stroke severity and treatment delay versus age 

40 50 60 70 80 90 

8 

9 

10 

11 

12 

13 

14 

15 

Baseline age (years) 

S
tr

o
k
e

 s
e

v
e
ri
ty

 (
N

IH
S

S
) 

8 previous trials 

IST-3 

40 50 60 70 80 90 

3.0 

3.5 

4.0 

4.5 

5.0 

Baseline age (years) 

T
im

e
 t

o
 t

re
a
tm

e
n

t 
(h

o
u

rs
) 

8 previous trials 

IST-3 



Age and treatment delay versus stroke severity 
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BENEFIT VS HAEMORRHAGIC STROKE 
RISK ACCORDING TO STROKE SEVERITY 



Wƻƛƴǘ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ǘƘŜ άǘǊŜŀǘƳŜƴǘ-modifying 
ŜŦŦŜŎǘǎέ ƻŦ ŘŜƭŀȅΣ ŀƎŜ ŀƴŘ ǎǘǊƻƪŜ ǎŜǾŜǊƛǘȅ 

ÅSimple consideration of each characteristic in turn may 
be misleading (due to the correlation between the 
three characteristics) 

 

ÅMultivariable (unconditional) logistic regression 
models stratified by trial and adjusted for: 
ïtreatment allocation  

ïtreatment delay, age and stroke severity 

ï2-way interactions between treatment allocation and each 
of the potential effect-modifiers 

ï2-sided p-values <0.05 considered nominally significant 

2/19/2018 

CONFIDENTIAL: NOT FOR PUBLICATION OR CITATION 



Age vs. treatment delay 
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Age vs. severity 
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Severity vs. treatment delay 
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BENEFITS 



Relative odds of a good outcome (mRS 0-1) 
by treatment delay, age and stroke severity 
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Relative odds of a good outcome (mRS 0-1) 
by treatment delay and stroke severity 
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Relative odds of a good outcome (mRS 0-1) 
by time to treatment 

0.5 0.75 1 1.5 2 2.5 

Odds ratio* 

(95% CI) 
Time to treatment 

Control better rt-PA better 

¢ 3  hours 1.75 (1.35-2.27) 

>3,  ¢ 4.5  hours 1.26 (1.05-1.51) 

>4.5 hours # 1.15 (0.95-1.40) 

* Estimates derived from a model including interactions between rt-PA and each treatment delay category 

# The ñconventionalò subgroup result in the >4.5 hour category is 1.10 (95% CI 0.93 ï 1.31) 
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ά/ƻƴǾŜƴǘƛƻƴŀƭέ ƳŜǘŀ-analysis 

0.5 0.75 1 2 4 

rt-PA 

(n=3391) 

Control 

(n=3365) 
Odds ratio (95% CI) Trend/het 

Control better r t-P A better 

Treatment delay 

¢ 3 hours 259/787 (33%) 176/762 (23%) 1.73 (1.38 - 2.17) 

>3,  ¢ 4.5 hours 485/1375 (35%) 432/1437 (30%) 1.25 (1.06 - 1.47) 

>4.5 hours 401/1229 (33%) 357/1166 (31%) 1.10 (0.93 - 1.31) 

c 
1 

2 
= 8.80 

(p=0.003) 

Ag e 

¢ 80 years 990/2512 (39%) 853/2515 (34%) 1.27 (1.13 - 1.42) 

>80 years 155/879 (18%) 112/850 (13%) 1.40 (1.07 - 1.81) 

c 
1 

2 
= 0.43 

(p=0.51) 

Baseline NIHSS 

0-4 237/345 (69%) 189/321 (59%) 1.47 (1.06 - 2.04) 

5-10 611/1281 (48%) 538/1252 (43%) 1.21 (1.03 - 1.42) 

11-15 198/794 (25%) 175/808 (22%) 1.21 (0.95 - 1.53) 

16-21 77/662 (12%) 55/671 (8%) 1.49 (1.04 - 2.16) 

² 22 22/309 (7%) 8/313 (3%) 2.84 (1.35 - 5.94) 

c 
4 

2 
= 6.52 

(p=0.16) 
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HAZARD 



Table 1. Effect of rt-PA on symptomatic and 
fatal intracranial haemorrhage 

rt-PA Control OR (95% CI)* 

Number randomized 3391 3365 

SICH (PH2 at 7 days) 231 (6.8%) 44 (1.3%) 5.55 (4.01 ς 7.70) 

SICH (SITS-MOST at 24-36 hours) 124 (3.7%) 19 (0.6%) 6.67 (4.11 ς 10.84) 

Fatal ICH (within 7 days) 91 (2.7%) 13 (0.4%) 7.14 (3.98 ς 12.79) 

* Trial stratified odds ratio adjusted only for treatment allocation 
SICH: symptomatic intracranial haemorrhage, PH2: parenchymal 
haemorrhage type 2;  
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Effect of rt-PA on SICH at 7 days (PH2) 
by treatment delay, age and stroke severity 

0.5 1 2 4 8 16 32 

r t-P A 
(n=3391) 

Contr ol 
(n=3365) 

T reatment dela y 

¢ 3  hours 51/787 (6.5%) 7/762 (0.9%) 7.43 (3.34 - 16.52) 

>3,  ¢ 4.5  hours 82/1375 (6.0%) 21/1437 (1.5%) 4.52 (2.77 - 7.36) 

>4.5 hours 98/1229 (8.0%) 16/1166 (1.4%) 6.26 (3.66 - 10.72) 

Ag e 

¢ 80  y ears 153/2512 (6.1%) 27/2515 (1.1%) 6.20 (4.09 - 9.38) 

>80 y ears 78/879 (8.9%) 17/850 (2.0%) 4.80 (2.81 - 8.20) 

Baseline NIHSS 

0-4 10/345 (2.9%) 1/321 (0.3%) 10.35 (1.32 - 81.41) 

5-10 65/1281 (5.1%) 8/1252 (0.6%) 8.24 (3.94 - 17.27) 

11-15 63/794 (7.9%) 7/808 (0.9%) 9.96 (4.53 - 21.92) 

16-21 54/662 (8.2%) 21/671 (3.1%) 2.76 (1.64 - 4.63) 

² 22 39/309 (12.6%) 7/313 (2.2%) 6.07 (2.66 - 13.83) 

All patients 5.55 (4.01 - 7.70) 231/3391 (6.8%) 44/3365 (1.3%) 

OR (95% CI) 

rt-PA better rt-PA worse 
2/19/2018 
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Effect of rt-PA on SICH at 7 days (PH2) 
by treatment delay, age and stroke severity 
(adjusted for all 3 treatment interactions) 
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Effect of rt-PA on SICH at 24-36 hours (SITS-MOST) 
by treatment delay, age and stroke severity 

0.5 1 2 4 8 16 32 

r t-P A 
(n=3391) 

Contr ol 
(n=3365) 

T reatment dela y 

¢ 3  hours 30/787 (3.8%) 3/762 (0.4%) 9.82 (2.98 - 32.34) 

>3,  ¢ 4.5  hours 43/1375 (3.1%) 8/1437 (0.6%) 5.98 (2.80 - 12.78) 

>4.5 hours 51/1229 (4.1%) 8/1166 (0.7%) 6.22 (2.94 - 13.17) 

Ag e 

¢ 80  y ears 88/2512 (3.5%) 14/2515 (0.6%) 6.57 (3.73 - 11.59) 

>80 y ears 36/879 (4.1%) 5/850 (0.6%) 7.22 (2.82 - 18.50) 

Baseline NIHSS 

0-4 6/345 (1.7%) 1/321 (0.3%) 6.02 (0.72 - 50.30) 

5-10 40/1281 (3.1%) 5/1252 (0.4%) 7.93 (3.12 - 20.17) 

11-15 37/794 (4.7%) 2/808 (0.2%) 19.63 (4.71 - 81.77) 

16-21 26/662 (3.9%) 8/671 (1.2%) 3.38 (1.52 - 7.53) 

² 22 15/309 (4.9%) 3/313 (1.0%) 5.05 (1.45 - 17.66) 

All patients 6.67 (4.11 - 10.84) 124/3391 (3.7%) 19/3365 (0.6%) 

OR (95% CI) 

rt-PA better rt-PA worse 
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Effect of rt-PA on SICH at 24-36 hours (SITS-MOST) 
by treatment delay, age and stroke severity 
(adjusted for all 3 treatment interactions) 
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Effect of alteplase on fatal ICH at 7 days by  
treatment delay, age and stroke severity 

0.5 1 2 4 8 16 32 

rt-PA 
(n=3391) 

Control 
(n=3365) 

OR (95% CI) 

rt-PA better rt-PA worse 

Treatment delay (hours) 
¢ 3 22/787 (2.8%) 2/762 (0.3%) 10.86 (2.54 - 46.41) 
>3,  ¢ 4.5 35/1375 (2.5%) 7/1437 (0.5%) 5.63 (2.49 - 12.76) 

>4.5 34/1229 (2.8%) 4/1166 (0.3%) 8.16 (2.88 - 23.11) 

Age (years) 
¢ 80 59/2512 (2.3%) 9/2515 (0.4%) 6.93 (3.42 - 14.02) 
>80 32/879 (3.6%) 4/850 (0.5%) 7.95 (2.79 - 22.60) 

Baseline NIHSS 
0-4 3/345 (0.9%) 0/321 (0.0%) NE 
5-10 20/1281 (1.6%) 5/1252 (0.4%) 3.90 (1.46 - 10.44) 

11-15 23/794 (2.9%) 1/808 (0.1%) 24.14 (3.25 - 179.32) 

16-21 24/662 (3.6%) 5/671 (0.7%) 5.00 (1.89 - 13.20) 
² 22 21/309 (6.8%) 2/313 (0.6%) 10.94 (2.54 - 47.15) 

All patients 7.14 (3.98 - 12.79) 91/3391 (2.7%) 13/3365 (0.4%) 
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Effect of alteplase on fatal ICH at 7 days by  
treatment delay, age and stroke severity 
(adjusted for all 3 treatment interactions) 
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MORTALITY 



90 day mortality 
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0.5 0.75 1 1.5 2 2.5 

Treatment delay 

(hours) 

No. (%) dead within 90 days 

r t-P A 

(n=3391) 

Contr ol 

(n=3365) HR (95% CI) 

rt-PA better rt-PA worse 

¢3 175/787 (22.2%) 166/762 (21.8%) 1.00 (0.81 - 1.24) 

>3,  ¢ 4.5 232/1375 (16.9%) 229/1437 (15.9%) 1.14 (0.95 - 1.36) 

>4.5 201/1229 (16.4%) 161/1166 (13.8%) 1.22 (0.99 - 1.50) 

All patients 1.11 (0.99 - 1.25) 608/3391 (17.9%) 556/3365 (16.5%) 

Test for linear trend in the log HR with 

increasing treatment delay (p=0.22) 

Average effect of rt-PA on 90-day mortality 
by treatment delay (Lancet 2014) 
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Effect of rt-PA on deaths due to ICH and 
deaths due to other causes within the first 90 days 

(would need post 1-week cause-specific mortality data to be provided) 

0.5 1 2 4 8 

Hazar d ratio (95% CI)* rt-PA Control 

r t-P A better r t-P A w orse 

ICH 

Da ys 1 - 7 7.04 (3.93-12.58) 91 (2.7%) 13 (0.4%) 

Da ys 8-30 

Da ys 31-90 

* Estimated by Cox proportional hazards regression stratified by trial 

(and adjusted only for Rx allocation) 

Subtotal 

Other causes 

Da ys 1 - 7 1.01 (0.82-1.23) 191 (5.6%) 191 (5.7%) 

Da ys 8-30 

Da ys 31-90 

Subtotal 
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0.5 0.75 1 1.5 2 

Hazar d ratio (95% CI)* r t-P A Contr ol 

r t-P A better r t-P A w orse 

Ò3 hour s 

Da ys 1 - 7 1.00 (0.71-1.42) 66 (8.4%) 63 (8.3%) 

Da ys 8 - 30 1.03 (0.72-1.47) 62 (7.9%) 58 (7.6%) 

Da ys 31 - 90 0.97 (0.65-1.46) 47 (6.0%) 45 (5.9%) 

Subtotal: 90-da y mor tality 1.00 (0.81 - 1.24) 175 (22.2%) 166 (21.8%) 

3-4.5 hour s 

Da ys 1 - 7 1.59 (1.20-2.11) 116 (8.4%) 80 (5.6%) 

Da ys 8 - 30 1.05 (0.75-1.49) 62 (4.5%) 67 (4.7%) 

Da ys 31 - 90 0.75 (0.53-1.05) 54 (3.9%) 82 (5.7%) 

Subtotal: 90-da y mor tality 1.14 (0.95 - 1.36) 232 (16.9%) 229 (15.9%) 

>4.5 hour s 

Da ys 1 - 7 1.58 (1.15-2.17) 100 (8.1%) 61 (5.2%) 

Da ys 8 - 30 0.85 (0.59-1.23) 54 (4.4%) 63 (5.4%) 

Da ys 31 - 90 1.23 (0.80-1.89) 47 (3.8%) 37 (3.2%) 

Subtotal: 90-da y mor tality 1.22 (0.99 - 1.50) 201 (16.4%) 161 (13.8%) 

Effect of rt-PA on mortality during the first 90 days by 
treatment delay and period of follow-up 
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Main parameters to be incorporated into future 
modelling of balance of benefit and hazard 

ÅBenefits  
ïAbsolute proportion achieving mRS 0-1 (without 

thrombolysis) correlated with severity 
ïRelative odds of benefit invariant with severity 

ÅHazards  
ïAbsolute risk of haemorrhage (without thrombolysis) 

correlated with severity 
ïRelative odds of haemorrhage invariant with severity 

ÅImplications 
ïCareful modelling required under a variety of 

assumptions (for discussion) 
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Distribution of mRS 
(all trials pooled together) 
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Distribution of mRS at 3-6 months by treatment delay 
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Distribution of mRS at 3-6 months by baseline NIHSS 
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Distribution of mRS at 3-6 months by baseline NIHSS 
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HYPOTHETICAL representation of benefits vs hazards  
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EXCLUSION OF NINDS A AND B 
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Effect on mRS 0-1 by treatment delay 
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Effect of rtҍt! ƻƴ ŀ ƎƻƻŘ stroke outcome (mRS лҍм), by 
treatment delay, age and stroke severity 

0.5 0.75 1 1.5 2 2.5 

rt-PA 

(n=3391) 

Control 

(n=3365) 
Odds ratio (95% CI)* 

 

rt-PA worse rt-PA better 

Treatment delay 

¢ 3  hours 125/476 (26.3%) 93/450 (20.7%) 1.45 (1.02 - 2.05) 

>3,  ¢ 4.5 hours 485/1374 (35.3%) 432/1437 (30.1%) 1.26 (1.05 - 1.51) 

>4.5 hours 401/1229 (32.6%) 357/1166 (30.6%) 1.15 (0.95 - 1.40) 

Ag e 

¢ 80  years 862/2233 (38.6%) 773/2226 (34.7%) 1.17 (1.02 - 1.34) 

>80 years 149/846 (17.6%) 109/827 (13.2%) 1.57 (1.17 - 2.10) 

Baseline NIHSS 

0-4 220/324 (67.9%) 182/313 (58.1%) 1.51 (1.08 - 2.11) 

5-10 548/1194 (45.9%) 495/1163 (42.6%) 1.14 (0.96 - 1.35) 

11-15 171/722 (23.7%) 159/734 (21.7%) 1.15 (0.90 - 1.48) 

16-21 56/584 (9.6%) 41/595 (6.9%) 1.44 (0.94 - 2.21) 

² 22 16/255 (6.3%) 5/248 (2.0%) 3.36 (1.20 - 9.37) 

*For each of the three baseline characteristics shown, the odds ratio subgroup estimates shown are derived from 

a single trialīstratified logistic regression model which allows for separate estimation of the OR in each of the 

subgroups after adjustment for the other two baseline characteristics (but not possible interactions with those 

characteristics). 
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Effect of rtҍt! ƻƴ ŀ ƎƻƻŘ ǎǘǊƻƪŜ ƻǳǘŎƻƳŜ όmRS лҍ1) by 
age, at different treatment delays  

0.5 0.75 1 1.5 2 2.5 

r t-P A 
(n=3391) 

Contr ol 
(n=3365) 

Od ds ratio* 
(95% CI) 

Age (years), 

treatment  

delay (hours) 

rt-PA worse rt-PA better 

years ¢ 80 ¢ 80 

¢ 3  hours 1.16 (0.74-1.84) 76/207 (36.7%) 66/209 (31.6%) 

3-4.5 hours 1.27 (1.04-1.54) 427/1032 (41.4%) 382/1073 (35.6%) 

>4.5 hours 1.08 (0.87-1.32) 359/994 (36.1%) 325/944 (34.4%) 

>80 years 

¢ 3  hours 1.93 (1.12-3.33) 49/269 (18.2%) 27/241 (11.2%) 

3-4.5 hours 1.36 (0.87-2.14) 58/342 (17.0%) 50/364 (13.7%) 

>4.5 hours 1.55 (0.90-2.65) 42/235 (17.9%) 32/222 (14.4%) 

*All six estimates are derived from a single stratified logistic regression model which allows the 

odds ratio to be estimated separately for each group (also adjusted for baseline NIHSS). 
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Effect on fatal ICH within 7 days 

0.5 1 2 4 8 16 32 

rt-PA 

(n=3391) 
Control 

(n=3365) 
Odds ratio (95% CI)* 

 

rt-PA better rt-PA worse 

Treatment delay 

¢ 3  hours 17/476 (3.6%) 1/450 (0.2%) 16.46 (2.18 - 124.34) 

>3,  ¢ 4.5 hours 35/1374 (2.5%) 7/1437 (0.5%) 5.63 (2.49 - 12.75) 

>4.5 hours 34/1229 (2.8%) 4/1166 (0.3%) 8.18 (2.89 - 23.16) 

Age 
¢ 80  years 55/2233 (2.5%) 8/2226 (0.4%) 7.23 (3.43 - 15.23) 

>80 years 31/846 (3.7%) 4/827 (0.5%) 7.74 (2.72 - 22.05) 

Baseline NIHSS 

0-4 3/324 (0.9%) 0/313 (0.0%) NE 

NE - Not estimable 

5-10 20/1194 (1.7%) 5/1163 (0.4%) 3.90 (1.46 - 10.44) 

11-15 22/722 (3.0%) 1/734 (0.1%) 23.12 (3.11 - 172.07) 

16-21 22/584 (3.8%) 4/595 (0.7%) 5.75 (1.97 - 16.82) 
² 22 19/255 (7.5%) 2/248 (0.8%) 9.80 (2.25 - 42.62) 

All patients 7.31 (3.99 - 13.41) 86/3079 (2.8%) 12/3053 (0.4%) 

2/19/2018 

CONFIDENTIAL: NOT FOR PUBLICATION OR CITATION 



Effect of rt-PA on 90-day mortality, overall and by 
period of follow-up 

. 

0.5 0.75 1 1.5 2 

Hazard ratio* 
(95% CI) 

rt-PA 
(n=3391) 

Control 
(n=3365) 

rt-PA better rt-PA worse 

Days 1-7** 1.51 (1.25-1.82) 266 (8.6%) 178 (5.8%) 

Days 8-30 0.97 (0.78-1.20) 154 (5.0%) 165 (5.4%) 

Days 31-90 0.93 (0.73-1.17) 134 (4.4%) 149 (4.9%) 

Total: 90-day mortality 1.15 (1.02 - 1.30) 554 (18.0%) 492 (16.1%) 

Test for varying log HR with increasing duration of follow-up (p<0.0001) 
 

Patients can only contribute to a particular risk period if they have already survived any preceding risk 

periods 

 

* Estimated by Cox proportional hazards regression stratified by trial (and adjusted only for treatment 

allocation). 

 

** Includes 86 vs. 12 deaths due to ICH (with PH2 evidence; Figure 4) and 180 vs. 166 deaths from other 

causes. 
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Average effect of rt-PA on 90-day mortality by 
treatment delay 

0.5 0.75 1 1.5 2 

Hazar d ratio* 

(95% CI) 

rt-PA 

(n=3391) 

Control 

(n=3365) 

rt-PA better rt-PA worse 

¢ 3  hours 121 (25.4%) 102 (22.7%) 1.11 (0.85 - 1.45) 

>3,  ¢ 4.5 hours 232 (16.9%) 229 (15.9%) 1.14 (0.95 - 1.36) 

>4.5 hours 201 (16.4%) 161 (13.8%) 1.22 (0.99 - 1.50) 

Total: 90-day mortality 1.15 (1.02 - 1.30) 554 (18.0%) 492 (16.1%) 

Test for linear trend in the log HR with increasing treatment delay (p=0.55) 
 

* Estimated by Cox proportional hazards regression stratified by trial (and adjusted only for treatment 

allocation). 
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Update on the Stroke Thrombolysis 
Treatment (STT) TrialistsΩ /ƻƭƭŀōƻǊŀǘƛƻƴ 

Colin Baigent 
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Director, CTSU, University of Oxford 



Baseline characteristics 

Trial Randomized treatment 
allocation 

IST-3 
(n=3035) 

8 previous 
trials (n=3721) 

rt-PA 
(n=3391) 

Control 
(n=3365) 

Treatment delay 
(hours) 

4.2 (1.2) 3.9 (1.2) 4.0 (1.2) 4.0 (1.2) 

Җо 20% 25% 23% 23% 

ҔоΣ ҖпΦр 38% 44% 40% 42% 

>4.5 42% 30% 36% 35% 

Age (years) 77 (12) 66 (12) 71 (13) 71 (13) 

Җул 47% 97% 74% 75% 

>80 53% 3% 26% 25% 

Stroke severity 
(NIHSS) 

12 (6.9) 12 (6.2) 12 (6.6) 12 (6.5) 



Baseline characteristics 

Trial Randomized treatment 
allocation 

IST-3 
(n=3035) 

8 previous 
trials (n=3721) 

rt-PA 
(n=3391) 

Control 
(n=3365) 

Female 52% 40% 45% 45% 

Systolic pressure 155 (24) 153 (21) 154 (22) 154 (22) 

Diastolic pressure 82 (15) 84 (13) 83 (14) 83 (14) 

History of: 

Hypertension 64% 57% 60% 60% 

Stroke 23% 15% 18.3% 18.5% 

Diabetes mellitus 13% 19% 16% 16% 

Atrial fibrillation 30% 19% 24% 23% 



Age vs. treatment delay 
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Age vs. severity 
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Severity vs. treatment delay 
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Wƻƛƴǘ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ǘƘŜ άǘǊŜŀǘƳŜƴǘ-modifying 
ŜŦŦŜŎǘǎέ ƻŦ ŘŜƭŀȅΣ ŀƎŜ ŀƴŘ ǎǘǊƻƪŜ ǎŜǾŜǊƛǘȅ 

ÅSimple consideration of each characteristic in turn may 
be misleading (due to the correlation between the 
three characteristics) 

 

ÅMultivariable (unconditional) logistic regression 
models stratified by trial and adjusted for: 
ïtreatment allocation  

ïtreatment delay, age and stroke severity 

ï2-way interactions between treatment allocation and each 
of the potential effect-modifiers 

ï2-sided p-values <0.05 considered nominally significant 
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Time to treatment (hours) 
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Interaction p=0.016 

Slope not significantly altered by age or stroke severity 

Effect of alteplase of a good outcome (mRS 0-1) 
by treatment delay 



0.5 0.75 1 1.5 2 2.5 

rt-PA 

(n=3391) 

Control 

(n=3365) 
Odds ratio 

(95% CI) 

rt-PA worse rt-PA better 

Treatment delay (hours) 

¢ 3 259/787 (33%) 176/762 (23%) 1.75 (1.35 - 2.27) 

>3,  ¢ 4.5 485/1375 (35%) 432/1437 (30%) 1.26 (1.05 - 1.51) 

>4.5 401/1229 (33%) 357/1166 (31%) 1.15 (0.95 - 1.40) 

Effect of alteplase of a good outcome (mRS 0-1) 
by treatment delay 



0.5 0.75 1 1.5 2 2.5 

rt-PA 

(n=3391) 

Control 

(n=3365) 
Odds ratio 

(95% CI) 

Age (years) 

¢ 80 990/2512 (39%) 853/2515 (34%) 1.25 (1.10 - 1.42) 

>80 155/879 (18%) 112/850 (13%) 1.56 (1.17 - 2.08) 

Baseline NIHSS 

0-4 237/345 (69%) 189/321 (59%) 1.48 (1.07 - 2.06) 

5-10 611/1281 (48%) 538/1252 (43%) 1.22 (1.04 - 1.44) 

11-15 198/794 (25%) 175/808 (22%) 1.24 (0.98 - 1.58) 

16-21 77/662 (12%) 55/671 (8%) 1.50 (1.03 - 2.17) 

² 22 22/309 (7%) 8/313 (3%) 3.25 (1.42 - 7.47) 

rt-PA worse rt-PA better 

Effect on mRS 0-1 by age and stroke severity 
(at the mean treatment delay of 4 hours) 



Haemorrhage definitions 

Parenchymal haemorrhage type 2  within 7 days 
Approximated in IST-3Υ άǎƛƎƴƛŦƛŎŀƴǘ ōǊŀƛƴ tI ƭƻŎŀƭ or 
remote from the infarct, or significant haemorrhagic 
transformation of an infarct ǿƛǘƘƛƴ т Řŀȅǎέ 
 
SITS-MOST at 24-36 hours  
PH2 +>4 NIHSS points 
Approximated in IST-оΥ άclinically significant 
deterioration/death together with evidence of either 
significant brain PH local or remote from the infarct or 
significant haemorrhagic transformation of an infarct 
on brain imaging which, in the judgement of the 
adjudication panel, was likely to have worsened mass 
effect or contributed to the burden of brain damage 
ғнп ƘǊǎέ 
 
Fatal ICH within 7 days 
PH2 and death within 7 days 
 

CT of PH2 haemorrhage 



Effect of rt-PA on symptomatic and 
fatal intracranial haemorrhage 

0.5 1 2 4 8 16 32 

rt-PA 

(n=3391) 

Contr ol 

(n=3365) 
Odds ratio (95% CI)* 

r t-P A 

better 

r t-P A 

w orse 

PH-2 231 (6.8%) 44 (1.3%) 5.55 (4.01 - 7.70) 

SITS-MOST 124 (3.7%) 19 (0.6%) 6.67 (4.11 - 10.84) 

Fatal ICH within 7 days 91 (2.7%) 13 (0.4%) 7.14 (3.98 - 12.79) 

* Trial stratified odds ratio adjusted only for treatment allocation 

 

SICH: symptomatic intracranial haemorrhage, PH2: parenchymal haemorrhage type 2  



Effect of rt-PA on symptomatic and 
fatal intracranial haemorrhage 

0.5 1 2 4 8 16 32 

rt-PA Control OR (95% CI) 

r t-P A 

better 

r t-P A 

w orse 

IST-3 (open control) 

8 previous trials (placebo controlled) 

PH-2 134 (8.8%) 25 (1.6%) 5.80 (3.76 - 8.95) 

SITS-MOST 59 (3.9%) 10 (0.7%) 6.12 (3.12 - 12.01) 

F atal ICH within 7 da ys 55 (3.6%) 7 (0.5%) 8.14 (3.70 - 17.93) 

PH-2 97 (5.2%) 19 (1.0%) 5.24 (3.19 - 8.60) 

SITS-MOST 65 (3.5%) 9 (0.5%) 7.29 (3.62 - 14.69) 

F atal ICH within 7 da ys 36 (1.9%) 6 (0.3%) 5.98 (2.51 - 14.23) 

Interaction between IST-3 and other trials for PH2: c 1 
2 
 = 0.09 (p=0.76) 

Interaction between IST-3 and other trials for SITS-MOST: c 1 
2 
 = 0.13 (p=0.72) 

Interaction between IST-3 and other trials for fatal ICH: c 1 
2 
 = 0.27 (p=0.61) 



Effect of rt-PA on SICH at 7 days (PH2) 
by treatment delay, age and stroke severity 

0.5 1 2 4 8 16 32 

rt-PA 
(n=3391) 

Control 
(n=3365) 

Odds ratio (95% CI) 

rt-PA  

worse 

rt-PA  

better 

Treatment delay (hours) 

Җ 3 51/787 (6.5%) 7/762 (0.9%) 7.43 (3.34 - 16.52) 

>3, Җ 4.5 82/1375 (6.0%) 21/1437 (1.5%) 4.52 (2.77 - 7.36) 

>4.5 98/1229 (8.0%) 16/1166 (1.4%) 6.26 (3.66 - 10.72) 

Age (years) 

Ò 80 153/2512 (6.1%) 27/2515 (1.1%) 6.20 (4.09 - 9.38) 

>80 78/879 (8.9%) 17/850 (2.0%) 4.80 (2.81 - 8.20) 

Baseline NIHSS 

0-4 10/345 (2.9%) 1/321 (0.3%) 10.35 (1.32 - 81.41) 

5-10 65/1281 (5.1%) 8/1252 (0.6%) 8.24 (3.94 - 17.27) 

11-15 63/794 (7.9%) 7/808 (0.9%) 9.96 (4.53 - 21.92) 

16-21 54/662 (8.2%) 21/671 (3.1%) 2.76 (1.64 - 4.63) 

Ó 22 39/309 (12.6%) 7/313 (2.2%) 6.07 (2.66 - 13.83) 

All patients 5.55 (4.01 - 7.70) 231/3391 (6.8%) 44/3365 (1.3%) 

0 2 4 6 8 10 12 14 16 

Average absolute risk increase 

% 

5.6% (0.8%) 

4.5% (0.4%) 

6.6% (0.6%) 

5.0% (0.2%) 

6.9% (0.9%) 

2.6% (0.8%) 

4.4% (0.4%) 

7.1% (0.9%) 

5.0% (1.2%) 

10.4% (3.6%) 

Effect of rt-PA on SICH at 7 days (PH2) 
by treatment delay, age and stroke severity 



0.5 1 2 4 8 16 32 
rt-PA 

worse 

rt-PA 

better 

Treatment delay (hours) 

Җ 3   22/787 (2.8%) 2/762 (0.3%) 10.86 (2.54 - 46.41) 

>3, Җ 4.5   35/1375 (2.5%) 7/1437 (0.5%) 5.63 (2.49 - 12.76) 

>4.5 34/1229 (2.8%) 4/1166 (0.3%) 8.16 (2.88 - 23.11) 

Age (years) 

Ò 80   59/2512 (2.3%) 9/2515 (0.4%) 6.93 (3.42 - 14.02) 

>80 32/879 (3.6%) 4/850 (0.5%) 7.95 (2.79 - 22.60) 

Baseline NIHSS 

0-4 3/345 (0.9%) 0/321 (0.0%) NE 

NE - Not estimable 

5-10 20/1281 (1.6%) 5/1252 (0.4%) 3.90 (1.46 - 10.44) 

11-15 23/794 (2.9%) 1/808 (0.1%) 24.14 (3.25 - 179.33) 

16-21 24/662 (3.6%) 5/671 (0.7%) 5.00 (1.89 - 13.20) 

Ó 22 21/309 (6.8%) 2/313 (0.6%) 10.94 (2.54 - 47.15) 

All patients 7.14 (3.98 - 12.79) 91/3391 (2.7%) 13/3365 (0.4%) 

0 2 4 6 8 10 12 14 16 
% 

2.5% (0.6%) 

2.1% (0.5%) 

2.4% (0.5%) 

2.0% (0.3%) 

3.2% (0.7%) 

0.9% (0.5%) 

1.2% (0.4%) 

2.8% (0.6%) 

2.9% (0.8%) 

6.2% (1.5%) 

rt-PA 
(n=3391) 

Control 
(n=3365) 

Odds ratio (95% CI) Average absolute risk increase 

Effect of alteplase on fatal ICH at 7 days by  
treatment delay, age and stroke severity 



84 

0.5 0.75 1 1.5 2 

RR 
(95% CI) 

Risk period rt-PA 
(n=3391) 

Control 
(n=3365) 

rt-PA better rt-PA worse 

Subtotal: 90-day 1.11 (0.99-1.25) 

mortality 

608 (17.9%) 556 (16.5%) 

No. (%) dead within 90 days 

Effect of rt-PA on 90-day mortality, overall and  
by period of follow-up 

* Includes 91 vs 13 deaths from ICH and 191 vs 191 deaths from other causes 

Days 1-7 * 1.39 (1.16-1.67) 282 (8.3%) 204 (6.1%) 

Days 8-30 0.97 (0.79-1.20) 178 (5.2%) 188 (5.6%) 

Days 31-90 0.92 (0.74-1.15) 148 (4.4%) 164 (4.9%) 

P-value for non-proportionality <0.0001 



0.5 0.75 1 1.5 2 2.5 

Treatment delay 

(hours) 

No. (%) dead within 90 days 

r t-P A 

(n=3391) 

Contr ol 

(n=3365) RR (95% CI) 

rt-PA better rt-PA worse 

¢3 175/787 (22.2%) 166/762 (21.8%) 1.00 (0.81 - 1.24) 

>3,  ¢ 4.5 232/1375 (16.9%) 229/1437 (15.9%) 1.14 (0.95 - 1.36) 

>4.5 201/1229 (16.4%) 161/1166 (13.8%) 1.22 (0.99 - 1.50) 

All patients 1.11 (0.99 - 1.25) 608/3391 (17.9%) 556/3365 (16.5%) 

p-value for trend across 3 groups shown = 0.21 

Average effect of rt-PA on 90-day mortality 
by treatment delay 



Effect of rt-PA on ICH and non-ICH 
related death during the first 90 days 

0 30 60 90 

0 

5 

10 

15 

20 

M
o

rt
a

lit
y,

 %
 

ICH related death 

rt-PA 

Control 

0 30 60 90 

Follow-up (days) 

0 

5 

10 

15 

20 

rt-PA 

Control 

Non-ICH related death 

Follow-up (days) 



Effect of rt-PA on ICH and non-ICH 
related death during the first 90 days 

0.5 1 2 4 8 

HR (95% CI) rt-PA Control 

rt-PA better rt-PA worse 

ICH related death 
Days 1-7 91 (2.7%) 13 (0.4%) 

Days 8-30 29 (0.9%) 4 (0.1%) 

Days 31-90 16 (0.5%) 4 (0.1%) 

Subtotal 6.57 (4.15 - 10.41) 136 (4.0%) 21 (0.6%) 

Non ICH related death 
Days 1-7 191 (5.6%) 191 (5.7%) 

Days 8-30 149 (4.4%) 184 (5.5%) 

Days 31-90 132 (3.9%) 160 (4.8%) 

Subtotal 0.90 (0.79 - 1.02) 472 (13.9%) 535 (15.9%) 



IST3: 18-month follow up  
for all-cause mortality 

Whiteley W et al. Stroke 2014; 45: 3612-7 


