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Summary

Background Recombinant factor VIIa has been shown to slow bleeding in patients with intracerebral haemorrhage
(ICH), but no haemostatic agent has been shown to improve clinical outcomes. We aimed to evaluate the safety,
clinical efficacy, and effect on growth of ICH and intraventricular haemorrhage (IVH) of recombinant factor VIIa in
patients with acute spontaneous ICH who were most likely to benefit from treatment with this agent.

Methods We conducted a multicentre, prospective, double-blind, randomised, placebo-controlled, adaptive, phase 3
trial (FASTEST) at 93 sites across the USA, Japan, Canada, Spain, Germany, and the UK. Adults aged 18-80 years with
a spontaneous ICH of 2-60 mL, IVH in less than two-thirds of one lateral ventricle or in less than a third of both
lateral ventricles, a Glasgow Coma Scale score of at least 8, no evidence of recent ischaemic stroke or myocardial
infarction, no recent use of anticoagulation medication or other structural cause of ICH, and who had been treated
with study medication within 2 h of stroke onset or last known well were eligible for inclusion. Patients were randomly
assigned (1:1) by a simple randomisation scheme to either 80 pg/kg recombinant factor VIIa (intervention group) or
an identical placebo (placebo group), administered intravenously over 2 min. All investigators and participants were
masked to allocated group assignment. The primary outcome was functional outcome at 180 days, measured by
modified Rankin Scale (mRS; score 0-2, 3, and 4-6) and analysed by intention to treat in all randomly assigned
patients. The primary safety outcome was life-threatening thromboembolic events during the first 4 days, assessed in
all randomly assigned participants. The secondary aim was change in ICH volume and ICH plus IVH volume
between baseline and 24 h of treatment administration. We performed an ordinal logistic regression, adjusted for
age, baseline ICH volume, baseline IVH volume, and pre-siroke mRS. Preplanned interim analyses, including
adaptive sample size re-estimation and enrichment to a younger subgroup (aged <70 years), were also conducted.
This trial is registered with ClinicalTrials.gov (NCT03496883) and is closed to new participants.

Findings Between Dec 3, 2021, and Oct 1, 2025, we screened 3288 patients, of whom 626 participants were randomly
assigned and included in the intention-to-treat analyses: 298 (48%) in the placebo group and 328 (52%) in the
intervention group. 216 (35%) participants were female and 410 (65%) were male, with a mean age of 61 years (SD 12).
Mean time from stroke onset to administration of study drug was 100 min (SD 22). The trial met the prespecified
stopping criteria for futility at the second interim analysis. There was no differential effect in the primary clinical
outcome measure of mRS at 180 days between the intervention group and placebo group (adjusted common odds
ratio 1-09 [95% CI 0-79-1-51]; p=0-61). Life-threatening thromboembolic complications within 4 days occurred in
15 (<5%) participants in the intervention group and in four (1%) in the placebo group (relative risk 3-41
[95% CI 1-14-10-15]; p=0-020). Compared with placebo, recombinant factor VIIa was associated with decreased growth
of ICH (-3-7 mL [95% CI -5-4 to —1-9]) and of ICH plus IVH growth (-5-2 mL [-7-6 to —2-8]) between baseline and
CT scan at 24 h.

Interpretation Recombinant factor VIIa administered within 2 h of ICH onset slowed haematoma growth, but did
not improve functional outcomes and showed a small increased risk of life-threatening thromboembolic
complications. Further testing of recombinant factor VIIa in patients with the greatest risk of continued bleeding is
ongoing.
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Introduction

Intracerebral haemorrhage (ICH) is the deadliest type of
stroke. Despite advances in neurocritical care over the
past four decades, ICH has a 30-day mortality of
approximately 40% and only 20% of survivors are
functionally independent at 6 months.! ICH leads to
substantial disability and mortality in direct proportion
to the volume of bleeding. Therefore, achieving
haemostasis is a primary therapeutic objective. The
primary challenge for haemostatic therapy in patients
with spontaneous ICH is that almost all bleeding
expansion occurs within the first 2-3 h after symptom
onset.”® For haemostatic therapies to be effective, it is
crucial to treat patients who are most likely to have
ongoing bleeding. Giving haemostatic therapies to
patients with ICH without active bleeding increases the
known risk of thromboembolic complications without
any potential benefit.

The key consideration in haemostatic trials is the
decrease in volume of ICH and intraventricular
haemorrhage (IVH) expansion that is needed to improve
functional outcomes. A pooled analysis of placebo data
from trials investigating recombinant factor VIIa and a

Research in context

Evidence before this study

Intracerebral haemorrhage (ICH), the second most common
type of stroke with the greatest disability and mortality of all
stroke subtypes, leads to substantial disability and mortality in
direct proportion to the volume of bleeding. We performed a
pooled analysis of previous phase 2b and phase 3 trials of
recombinant factor Vila. We also reviewed the treatment trials
of ICH summarised in 2025 by the European Stroke
Organisation and European Association of Neurosurgical
Societies guideline on stroke due to spontaneous ICH in
October, 2025. The primary challenge for haemostatic therapy
in patients with spontaneous ICH is that almost all bleeding
expansion occurs within the first 2-3 h after symptom onset.
Recombinant factor Vlla slows bleeding in patients with ICH,
but the clinical benefit with this agent observed in a phase 2b
trial was not subsequently shown in a larger phase 3 trial. Post-
hoc analyses of these two randomised trials indicated that
recombinant factor Vlla had its greatest potential for benefit
when administered within 2 h in patients aged 70 years and
younger who did not have a large ICH or large amount of
intraventricular haemorrhage on baseline CT scan of the head.
A major unanswered question is the decrease in the volume of
bleeding in the brain that is needed to improve functional
outcomes in patients with ICH.

Added value of this study
To our knowledge, this multicentre, double-blind, randomised,
placebo-controlled, phase 3 trial (FASTEST) is the largest trial to

prospective population study of ICH in Greater
Cincinnati, USA, indicated that 3—4 mL is the minimum
volume reduction necessary to improve functional
outcomes, as measured by the modified Rankin Scale
(mRS).” But this estimate does not account for the risks
of ischaemia caused by a haemostatic agent, which could
negatively impact outcomes. Another study of
haemorrhage growth suggests that larger decreases in
growth are necessary to change functional outcomes.®

Recombinant factor VIIa slows bleeding when
administered within 3 h of onset of spontaneous ICH,
with its greatest effect on haemorrhage growth within
2 h** However, this agent is also associated with a
5% increased risk of life-threatening thromboembolic
complications compared with placebo in this patient
group.” The clinical benefit of recombinant factor VIla
seen in a phase 2b trial’ was not shown in a larger phase 3
trial.* Post-hoc analyses of these two studies indicated
that recombinant factor VIIa had the greatest potential
for benefit when administered within 2 h in patients
aged 70 years and younger who did not have a large ICH
or a large amount of IVH on baseline CT scan of the
head.*

date investigating the hyperacute treatment of patients with
ICH. We found that recombinant factor Vlla slowed bleeding
but did not improve functional outcomes overall and was
associated with a small increase in life-threatening
thromboembolic complications. We also show that the agent’s
haemostatic effects were concentrated in patients with the
greatest likelihood of ongoing bleeding: those treated within
90 min or with a spot sign on CT angiography identified within
2 h of onset. This study suggests that the mean volume of
decreased haemorrhage growth needed to improve functional
outcomes for any haemostatic agent is likely to be at least
6-12 mL. Our findings highlight the importance of CT
angiography and rapid treatment in identifying efficacious
haemostatic treatments for patients with ICH.

Implications of all the available evidence

Although we report neutral results overall, this trial provides a
roadmap for the management of two subgroups of patients
with ICH. Additionally, this study provides insight into the
amount of haemostasis needed to improve functional
outcomes for patients with spontaneous ICH treated with
recombinant factor Vlla or other haemostatic agents.
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In addition to time from symptom onset, another
biological marker of ongoing bleeding in ICH is contrast
leakage into the bed of the brain haemorrhage during
baseline CT angiogram of the brain, as indicated by a
spot sign." Nevertheless, the predictive value of this
spot sign decreases over time.” We aimed to evaluate the
safety, clinical efficacy, and effect on growth of ICH and
IVH of recombinant factor VIIa in patients with acute
spontaneous ICH who were most likely to benefit from
treatment with this agent.

Methods

Study design

We conducted a multicentre, prospective, double-blind,
randomised, placebo-controlled, adaptive, phase 3 trial
(FASTEST) at 93 sites across the USA (54 sites), Japan
(14 sites), Canada (nine sites), Spain (six sites), Germany
(six sites), and the UK (four sites), including 12 mobile
stroke units. A central review board or a site-specific
review board approved the trial in each participating
country and at each participating global site (Advarra
approval number for US central institutional review
board: Pro00041014).

Because of the narrow time window to halt ongoing
bleeding and the inability to obtain informed consent
from many patients with ICH due to severe brain
damage, the trial operated under exception from
informed consent in the USA and approved emergency
consent procedures in all other countries, except for
Japan, which does not currently have procedures for
emergency consent. Informed consent was obtained
from the patient or by a legally authorised representative
either before enrolment or after enrolment when
emergency consent procedures were used. Although
there was no specific patient involvement in the design
of the trial, exception from informed consent in the USA
requires focus groups and educational activities within
participating communities to educate patients about the
trial and listen to their input.

An independent data and safety monitoring board
(DSMB) appointed by the National Institute of Neurological
Diseases and Stroke (NINDS) provided oversight of the
trial. This trial is registered with ClinicalTrials.gov
(NCT03496883), EudraCT (2019-003722-25), and EU
Clinical Trials Register (2024-517383-28-00); its Universal
Trial Number is U1111-1201-0087. The trial is closed to new
participants.

Participants

Adults aged 18-80 years with a spontaneous ICH of at
least 2 mL and below 60 mL, IVH in less than
two-thirds of one lateral ventricle or in less than a third of
both lateral ventricles, a Glasgow Coma Scale score of at
least 8, no evidence of recent ischaemic stroke or
myocardial infarction within the previous 90 days, no
recent use of anticoagulation medication within the
previous 7 days or other structural cause of ICH, and
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who had been treated with study medication within 2 h
of stroke onset were eligible for inclusion. Full inclusion
and exclusion criteria are provided in appendix 1 (p 10).
Data on participant sex, as well as race and ethnicity,
were self-reported.

Randomisation and masking

We randomly assigned (1:1) patients to recombinant
factor VIIa (intervention group) or placebo (placebo
group). Any patient to receive an injection of either study
treatment was enrolled in the trial.” Due to the high time
sensitivity of the intervention, a simple randomisation
scheme was used in which the lowest numbered pre-
randomised kit at a site was selected. Investigators
responsible for the central labelling of pre-randomised
kits had no further involvement with participant
enrolment or assessment.

All investigators and participants, including those
assessing the outcomes and analysing the data, were
masked to allocated group assignment throughout the
study. To achieve masking, placebo appeared identical to
the intervention agent, by use of the same solvent and
process (appendix 2 p 24). The interim analyses were
conducted by an unmasked statistician (JJE), in
conjunction with the DSMB, who were independent of
the conduct of the trial.

Procedures

All participants were assessed at baseline with the
National Institutes of Health (NIH) Stroke Scale and a
CT scan of the head. CT angiography at baseline was not
required, but was collected when performed. All imaging
data were collected and read centrally by a single senior
neuroradiologist at the imaging core, including ICH and
IVH volume and the presence of a spot sign on CT
angiography. A baseline electrocardiogram was obtained
and patients were screened for clinical signs of
myocardial ischaemia before study enrolment. Serum
troponin concentrations were obtained but did not need
to be reviewed before enrolment.

Participants in both treatment groups received
management of acute ICH supported by American Heart
Association guidelines.* Participants in the intervention
group received recombinant factor VIla intravenously at
a dose of 80 pg/kg (maximum dose 10000 pg or 10 mg)
over 2 min. Participants in the placebo group received
the same volume of placebo intravenously over 2 min. All
study medications were administered by someone
licensed to give medication, such as a nurse, physician,
or pharmacist.

Acute blood pressure management was required, with
a target systolic blood pressure of 140 mm Hg by use of
intravenous medications as available within a given
country. These medications included intravenous
nicardipine, diltiazem, clevidipine, labetalol, urapidil,
enalaprilat, nitroglycerin, and nitroprusside. All
participants were managed in an intensive care unit or
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stroke unit after treatment. CT imaging of the brain was
performed 24 h after enrolment or before surgery, if
surgery within 24 h of enrolment was clinically indicated.
Serum troponin concentrations were also collected 24 h
after treatment administration. The type of testing used
to measure troponin (eg, high sensitivity or conventional)
was recorded. Study investigators followed up
participants on days 30, 90, and 180 after enrolment.

Outcomes

The primary outcome was the ordinal mRS 0-2, 3,
and 4-6 at 180 days, measured by the Rankin Focused
Assessment Tool.” Secondary efficacy outcome measures
included the ordinal mRS (0-2, 3, and 4-6) at 90 days; the
ordinal mRS (all seven steps) at 180 days; the mRS 0-2 at
180 days; the utility-weighted mRS at 180 days; the EQ-5D
health-related quality of life (EQ-5D) questionnaire at
days 90 and 180; and change in ICH volume and in ICH
plus IVH volume between baseline and 24 h of treatment

3288 patients screened for eligibility

2662 excluded
2304 did not meet eligibility criteria
357 consent not obtained
1 administrative issue at enrolment

\ 4

| 626 randomly assigned |

v

v

298 assigned to placebo

297 received study treatment in full
1intended dosage not received

328 assigned to recombinant factor Vlla
and received study treatment in full

22 died 20 died
—» 3lostto follow-up —» 4 losttofollow-up
3 withdrew consent 1 withdrew consent
v A
| 270 completed the study | | 303 completed the study |

v

v

| 298 included in intention-to-treat analysis

| 328 included in intention-to-treat analysis

12 excluded from per-protocol 20 excluded from per-protocol
population population*
9 had time from stroke onset to 14 had time from stroke onset to
> admlnlstra_tlon of treatment > admlnlstrétlon of treatment
of >120 min of >120 min

3 older than 80 years 2 older than 80 years

6 had ICH or IVH volume outside
of eligible range
A 4 A 4
286 included in per-protocol analysis | | 308 included in per-protocol analysis

Figure 1: Trial profile

ICH=intracerebral haemorrhage. IVH=intraventricular haemorrhage. *Some participants were excluded for

multiple reasons.
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administration. Other prespecified endpoints are listed
in appendix 1 (pp 29-31).

The primary safety measure was life-threatening
thromboembolic complications during the first 4 days
after completing treatment with the assigned study drug.
Life-threatening thromboembolic complications were
defined as the development of either acute myocardial
infarction, acute cerebral infarction, or acute pulmonary
embolism. Secondary safety measures were these same
events within 90 days, as well as all-cause mortality at
180 days.

Statistical analysis

We calculated the sample size using a two-sample test of
proportions of mRS 0-2 at 90 days, including the subset
of patients from the FAST trial that we planned to enrol
(14% absolute difference in proportions between
treatment groups).’ We chose a smaller but still clinically
important difference of 10% to calculate the final sample
size. With a sample size of 388 participants per group, a
X2 test provided 80% power to detect a 10% absolute
difference in proportions at a two-sided a level of 0-05,
assuming a placebo proportion of mRS 0-2 of 40%. The
sample size was inflated to a total of 860 participants to
account for 10% of participants lost to follow-up or
missing data, as well as the interim analysis.

We performed the primary analysis and safety analysis
on the intention-to-treat population, which included all
randomly assigned patients. We compared the ordinal
values of mRS at 180 days by treatment group using an
ordinal logistic regression adjusted for age, baseline ICH
volume, baseline IVH volume, and pre-stroke mRS. The
proportionality assumption was assessed with the score
test, with a plan to use a partial proportional odds model
if violated. For participants who were missing a primary
outcome assessment at 180 days and had not died, we
applied a multiple imputation approach to model
missing scores using the 90-day mRS, 30-day mRS,
assigned treatment, and aforementioned covariates. The
per-protocol analysis excluded participants who received
less than 1-5 min of infusion of the study medication or
who did not meet the key eligibility criteria. These
patients included those who did not have a spontaneous
ICH, had time from stroke onset of more than 120 min,
were older than 80 years, had a baseline ICH or IVH
volume outside of the eligible range, or had a baseline
Glasgow Coma Scale score of less than 8.

The secondary and subgroup analyses of mRS outcome
and EQ-5D at days 90 and 180 are detailed in the statistical
analysis plan (appendix 1 pp 29-31). We analysed
secondary efficacy outcomes on the intention-to-treat
population in a linear, ordinal logistic, or logistic
regression adjusted for age, baseline ICH volume,
baseline IVH volume, and pre-stroke mRS. We used the
Hochberg’s step-up procedure to control for multiple
comparisons. We assessed safety outcomes with the
Fisher’s exact test at a two-sided a level of 0- 05 unadjusted
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for multiple comparisons. Additional prespecified
subgroup analyses are detailed in the statistical analysis
plan (appendix 1 pp 29-31) and study protocol (appendix 2
pp 21-22).

At the beginning of enrolment, the study protocol had a
planned analysis for futility and overwhelming efficacy
after approximately 430 participants (half of the planned
study sample population of 860 participants) had
completed their 180-day assessment. An additional
interim analysis was subsequently added for futility
alone and had two components that had to be met. The
first component was clinical functional outcome, as
measured by the mRS at 180 days (conditional

www.thelancet.com Vol 407 February 21,2026

Placebo Intervention Placebo Intervention
group (n=298)  group (n=328) group (n=298)  group (n=328)
Age, years 60 (12) 61 (12) (Continued from previous column)
Age group, years Location of ICH
<70 232 (78%) 241 (73%) Lobar 41 (14%) 35 (11%)
>70 66 (22%) 87 (27%) Deep 254 (85%) 287 (88%)
Sex Infratentorial 3(1%) 6 (2%)
Female 105 (35%) 111 (34%) Blood pressure, mm Hg 170/98 173/99
Male 193 (65%) 217 (66%) CT angiography performed 254 (85%) 257 (78%)
Ethnicity Spot sign on CT angiography 77 (26%) 71(22%)
Hispanic or Latinx 25 (8%) 32 (10%) Study medication administered in 6 (2%) 11 (3%)
Not Hispanic or Latinx 271(91%) 296 (90%) mobile stroke unit
Unknown 2 (1%) 0 ECGresult
e Abnormal, clinically significant 5(2%) 4 (1%)
A s er Akda N 0 1(<1%) Abnormal, not clinically significant 131 (44%) 145 (44%)
Asian 169 (57%) 173 (53%) ECG not performed 1(<1%) 3(1%)
Black or African American 23 (8%) 30 (9%) Normal 161 (54%) 176 (54%)
Native Hawaiian or other 1(<1%) 1 (<1%) Troponin elevation 50 (17%) 64 (20%)
Pacific Islander Ultra-early haematoma growth 128 (43%) 153 (47%)
Unknown or not reported 5(2%) 5(2%) <10mL/h
White 100 (34%) 118 (36%) Ultra-early haematoma growth, 170 (57%) 175 (53%)
>10 mL/h
Pre-stroke modified Rankin Scale score m/
0 281 (94%) 303 (92%) Data are mean (SD), n (%), or median (IQR). ICH=intracerebral haemorrhage.
IVH=intraventricular haemorrhage. NIH=National Institutes of Health.
1 10(3%) 17 (5%) ECG=electrocardiogram.
2 6 (2%) 8 (2%)
3 1(<1%) 0 Table 1: Baseline participant characteristics in the intention-to-treat
0 population
Time between stroke onset and 992 (187) 101-2 (23-8)
administration of study drug, min
ICH volume, mL 165(133) 16:9(15:6) power <0-20 for the primary outcome). The second
IVH volume, mL 14(41) 17(59) component was mean difference in ICH growth between
NIH Stroke Scale score 13(8-17) 13(8-17) both treatment groups, with the 95% upper confidence
Hrcelfime Clksgpy Com Sell s bound for the observed difference in ICH growth
B 5 (2%) Bl2x) exceeding that for a mean difference of —2-5 mL less
S 8(3%) 10(3%) growth in the intervention group than in the control
10 15(5%) 14(4%) group, as predicted for this subgroup of patients from
1 21.(7%) 19 (6%) the FAST trial.* This analysis occurred after 200 randomly
12 11 (4%) 15 (5%) assigned participants had completed 6 months of follow-
3 29 (10%) 24.(7%) up, and the DSMB recommended continuation of the
14 69 (23%) 50 (15%) trial.
15 140 (47%) 188 (57%) The second planned interim analysis, performed after
(Table 1 continues in next column) approximately 430 participants had completed their

180-day assessment, was subsequently expanded. An
alpha spending function with O’Brien-Fleming type
stopping boundaries (two-sided) was used to stop the
trial for overwhelming superiority of either group, while
maintaining the two-sided type 1 error rate at 0-05. The
trial could also be stopped early for futility if the
conditional power was less than 0-20. Additionally, at
the second interim analysis, we prespecified the
following two adaptations: an adaptive re-estimation of
the study population up to a maximum of 1330 patients
when the interim results were promising,® and an
adaptive population enrichment of an age-defined
subgroup (aged <70 years).” Both adaptations were
defined with the promising zone approach.”” A
simulation report conducted before the first interim
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analysis showed that type I and type II errors were
controlled.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report, except for the scientific programme
officer from the NINDS, who was a member of the
executive committee of the trial.

Results

On Jan 9, 2025, the NINDS and DSMB recommended
that enrolment stop for overall futility based on the
interim analysis of 434 participants who had completed
the evaluation at 180 days (conditional power <1% under

enrichment to the age group 70 years and younger
showed no evidence of benefit (conditional power <1%).
At this point, we had randomly assigned 626 participants
between Dec 3, 2021, and Oct 1, 2025 (figure 1; appendix 1
p 11). After all 626 participants had completed their
180-day evaluation, the database was locked on
July 25, 2025. All 626 randomly assigned participants
were included in the intention-to-treat analyses
(298 [48%] in the placebo group and 328 [52%] in the
intervention group); 594 participants were included in
the per-protocol analyses (286 [48%)] in the placebo group
and 308 [52%] in the intervention group; figure 1).

216 (35%) participants were female and 410 (65%) were
male, with a mean age of 61 years (SD 12) at baseline.
Overall, mean ICH volume was 16-7 mL (SD 14-6) and

the current trend). Additionally, the prespecified mean IVH volume was 1-5 mL (SD 5-1), median NIH
Placebo group Intervention group OR (95% ClI)* Two-sided
p value
Primary outcome
mRS at 180 days in the intention-to-treat population
0-2 134/298 (45%) 151/328 (46%) 1.09 (0-79 to 1-51) 0-61
3 76/298 (26%) 80/328 (24%)
4-6 88/298 (30%) 97/328 (30%)
mRS at 180 days in the per-protocol population
0-2 129/286 (45%) 146/308 (47%) 112 (0-80t0 1-56) 0-87
3 75/286 (26%) 79/308 (26%)
4-6 82/286 (29%) 83/308 (27%)
Secondary outcomes
Ordinal distribution of the mRS at 90 days
0-2 113/298 (38%) 132/328 (40%) 113 (0-82t0 1-56) 087
3 57/298 (19%) 59/328 (18%)
4-6 128/298 (43%) 137/328 (42%)
Ordinal distribution of the mRS at 90 dayst 3(2to4) 3(2to4) 1-13 (0-86 to 1-51) 0-87
Ordinal distribution of the mRS at 180 dayst 3(2to4) 3(2to4) 1-10 (0-83t0 1-47) 0-87
mRS 0-2 at 90 days 113/298 (38%) 132/328 (40%) 115 (0-80t0 1-66) 0-87
mRS 0-2 at 180 days 134/298 (45%) 151/328 (46%) 112 (077 to 1-61) 0-87
Utility-weighted mRs at 90 days 5-5(2:9) 55(3:0)
OR (95% Cl) 478 (4-20t0 5:35) 4.97 (4-40t0 5:53) - 0-87
Utility-weighted mRs at 180 days 6-1(2:9) 6-1(2:9)
OR (95% Cl) 527 (47110 5-8) 5-40 (4-86t05:94) - 0-87
Change in ICH volume from baseline to 24 h, mL 5.5(13-7) 1.9 (7-0)
OR (95% Cl) 476 (231t07:21) 1.0 (-139t03:38) - 0-0011
Change in ICH plus IVH volume from baseline to 24 h, mL 7-4(19-6) 2:2(8:4)
OR (95% Cl) 7-41 (4-02t0 10-78) 1.99 (13110 528) . 0-0011
EQ-5D at 90 days 05 (0-4) 05 (0-4) - 0-87
OR (95% Cl) 0-40 (032 t0 0-48) 0-40 (0-33t0 0-48)
EQ-5D at 180 days 0-5 (0-4) 0-5(0-5) . 087
OR (95% CI) 0-47 (039 t0 0-54) 047 (039 t0 0-54)
Data are n (%), median (IQR), or mean (SD), unless otherwise indicated. The imputed dataset included 626 participants. mRS at day 180 was missing for ten participants; data
were imputed using multiple imputation. mRS was missing for seven participants at day 30 and for 15 participants at day 90; data were imputed using hot-deck imputation.
OR=0dds ratio. mRS=modified Rankin Scale. ICH=intracerebral haemorrhage. IVH=intraventricular haemorrhage. EQ-5D=EQ-5D health-related quality of life. *Adjusted
common ORs and 95% Cls from a proportional odds regression model are provided for categorical outcomes; least squared means and 95% Cls from a linear regression model
are reported for numerical outcomes. Both regression analyses are adjusted for age, baseline ICH volume, baseline IVH volume, and pre-stroke mRS. p values for secondary
outcomes were calculated with Hochberg's step-up procedure to adjust for multiple comparisons. tAll seven steps of the mRS.
Table 2: Efficacy outcomes after missing data imputation
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Stroke Scale was 13 (IQR 8-17), and mean time from
stroke onset to administration of study drug was 100 min
(SD 22; table 1). The use of emergency consent
procedures by country is provided in appendix 1 (p 12).
Among the 626 participants, 615 (98%) completed the
mRS assessment at 180 days, four (<1%) withdrew
consent, and seven (1%) completed either a 30-day or
90-day follow-up visit but were lost to follow-up before
the 180-day assessment. Blood pressure control was
similar between the two treatment groups (appendix 1
p13).

There was no differential effect in the primary clinical
outcome measure of mRS at 180 days between the
intervention group and placebo group (adjusted common
odds ratio [OR] 1-09 [95% CI 0-79-1-51]; p=0-61; table 2;
appendix 1 p 8). No differential effects were found in the
secondary outcome of mRS at 90 days (1-13 [0-82-1-56];
p=0-87; table 2; appendix 1 p 8), nor in patients aged
70 years or younger (1-09 [0-75-1-59]; appendix 1
pp 9, 14-16). Overall, compared with placebo, recombinant
factor VIIa was associated with significantly decreased
growth of ICH (-3-68 mL [95% CI -5-40 to —1-94;
p=0-0011) and of ICH plus IVH (-5-23 [-7-64 to —2-82];
p=0-0011) between baseline and CT scan of the head at
24 h after administration (table 2). Categories of absolute
volume of haemorrhage growth for both treatment
groups are presented in appendix 1 (p 17).°

The primary safety outcome of life-threatening
thromboembolic complications within 4 days of treatment
administration occurred in 15 (<5%) participants in the
intervention group and in four (1%) of those in the
placebo group (relative risk 3-41 [95% CI 1-14-10-15];
two-sided Fisher's exact test p=0-020; table 3). The
secondary  safety outcome of life-threatening
thromboembolic complications within 90 days occurred
in 21 (6%) participants in the intervention group and in
11 (4%) in the placebo group (1-73 [0-85-3-54]; p=0-15).

Among all 626 participants, 511 (82%) had a baseline
CT angiography either before or after study drug

administration, of whom 148 (29%) had a spot sign.
Prespecified subgroup analyses of the primary outcome
favoured recombinant factor VIIa over placebo for
patients with a spot sign (adjusted common OR 1-86
[95% CI 0-94-3-68]) and for those treated within 90 min
(1-82 [0-94-3-68]), although these effects were not
significant (figure 2). In tertiary and exploratory analyses,
the positive signals in mRS were more apparent at
90 days among both patients with a spot sign
(2-52 [1-20-5-28]) and those treated within 90 min
(2-66 [1-43-4-906]). Logistic regression interaction
modelling in the exploratory analyses suggested that the
greatest potential benefit of recombinant factor VIla was
in patients who had both a spot sign on CT angiography
and treatment within 90 min (appendix 1 pp 15-16).

Compared with placebo, recombinant factor VIIa was
associated with decreased growth of ICH (-3-7 mL
[95% CI -5-4 to —1-9]) and of ICH plus IVH growth
(-5-2 mL [-7-6 to —2-8]) between baseline and follow-up
CT scan at 24 h after treatment administration.
Furthermore, recombinant factor VIla was associated
with a substantial decrease in ICH growth (-9-4 mL) and
in ICH plus IVH growth (-14-1 mL) in participants with
a spot sign, compared with a small decrease in those
without a spot sign on CT angiography (ICH growth
—-2-1mlL and ICH plus IVH growth —2-7 mL; appendix 1
p 17). Treatment with recombinant factor VIla within
90 min was also associated with a greater decrease in
ICH plus IVH growth (-7-5 mL [95% CI —11-9 to —3-3])
than was placebo. Decreases in the absolute growth of
ICH associated with recombinant factor VIIa in patients
with a spot sign and those treated within 90 min were
considered either moderate (6-1-12-5 mlL) or major
(>12-5 mL; appendix 1 pp 18-19).

Discussion

This multicentre, double-blind, randomised, placebo-
controlled, adaptive phase 3 trial showed that
recombinant factor VIla administered within 2 h of

Placebo group Intervention group Relative risk
(n=298) (n=328) (95% CI)
Life-threatening thromboembolic complications within 4 days* 4 (1%) 15 (<5%) 341 (1-14-10-15)
Life-threatening thromboembolic complications within 90 days* 11 (4%) 21 (6%) 173 (0-85-3-54)
Unstable angina 0 0 -
Deep venous thrombosis (not leading to pulmonary embolism) 4 (1%) 7 (2%) 1.59 (0-47-5-38)
Mortality within 180 days 22 (7%) 20 (6%) 0-83 (0-46-1-48)
mRS 5-6 at 180 days 31(10%) 37 (11%) 1.08 (0-69-1.70)
Myocardial injury without acute coronary syndrome 30 (10%) 49 (15%) 1-48 (0-97-2-27)
Acute myocardial infarctiont 4 (1%) 3 (1%) 0-68 (0-15-3-02)
Acute cerebral infarctionf 11 (4%) 18 (5%) 1-49 (0-71-3-10)
Acute pulmonary embolism¥ 3(1%) 5(2%) 1.51(0-37-6-28)
mRS=modified Rankin Scale. *Defined as a serious adverse event of acute myocardial infarction, acute cerebral infarction, or acute pulmonary embolism. tOne life-
threatening thromboembolic complication event occurred 97 days after randomisation in the placebo group and was excluded from the secondary safety outcome of life-
threatening thromboembolic complications within 90 days. +Serious and non-serious adverse events, including small diffusion-positive lesions without any clinical change.
Table 3: Safety outcomes in the intention-to-treat population
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Placebo Recombinant factor Vila OR (95% Cl)

Age (years)

<70 232 241
>70 66 87
Country or region

USA 78 95
Japan 132 144
Canada 47 34
Europe 41 55
Time since last known well (min)

<90 92 82
=90 206 246
Ultra-early haematoma growth (mL/h)

<10 128 153
=10 170 175
Baseline ICH volume (mL)

<31 253 278
=31 45 50
Spot sign on CT angiography

Absence 174 183
Presence (=1) 77 71
Sex

Male 193 217
Female 105 111
Race

Asian 169 173
Black or African American 23 30
White 100 118
Ethnicity

Hispanic or Latinx 25 32
Not Hispanic or Latinx 271 296
Overall 298 328

— 110 (0-76-1-59)

— - 110 (0-57-2-14)
—_— 0-80 (0-43-1-47)
-—.— 140 (0-86-2:29)
—_— 1.09 (0-45-2-67)
—_— 0-94(039-229)

182 (0-98-3-40)

e 090 (0-62-1:32)
. 0-90 (0-55-1-46)
— 1.25(0-81-1-92)
P 112 (0-79-1:58)

B E— 0-95 (0-38-2:35)
—i— 0-87 (0-57-134)

186 (0-94-3-68)

L 130 (0-87-1.95)
— 079 (0-46-136)
e 1.27(0-82-1.97)
—_— 060 (019-1-84)
— 0-83 (0-48-1-45)
— - 0.82(0-29-2:34)
[ T 111 (0-78-1.56)
i 1.09 (0-79-151)
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OR (95%Cl)
«— —

Favours placebo  Favours intervention

Figure 2: Prespecified subgroup analyses of mRS at 180 days
mRS=modified Rankin Scale. OR=o0dds ratio. ICH=intracerebral haemorrhage.

symptom onset did not improve functional outcomes in
patients with spontaneous ICH compared with placebo.
Additionally, this agent was associated with a small
but significantly increased risk of life-threatening
thromboembolic complications. This risk was found
even though recombinant factor VIIa decreased the
volume of haemorrhage expansion by a mean 3-5 mL
overall, which is consistent with previous trials of this
agent and is a greater decrease than other reported
haemostatic trials for patients with ICH. The FASTEST
trial shows that the greatest decrease in ICH growth
occurred in participants with a spot sign and in those
who were treated within 90 min. Additionally, this study
suggests that the mean volume of decreased haemorrhage
growth that is necessary to improve functional outcomes
is likely not 3—4 mL, but at least 6-12 mL. Larger volumes
of haematoma expansion have been linked to an
increased likelihood of poor outcomes.® To our
knowledge, the reduction in haematoma growth observed

in participants with a spot sign and in those who were
treated within 90 min is the largest observed with any
medical therapy for spontaneous ICH to date.

Medical and surgical trials for ICH have shown potential
benefit for some subsets of patients, but illustrate
remaining challenges.” These challenges include selecting
subgroups most likely to Dbenefit from treatment,
minimising time to treatment, and reducing a sufficient
volume of ICH to improve functional outcomes. The
ENRICH trial of minimally invasive surgery within 24 h of
onset showed improved outcomes for patients with lobar
ICH, but not basal ganglia ICH.” The study’s findings
were not substantiated by the MIND trial, which had a
treatment window of 72 h.* Three trials of early blood
pressure control to a target of 140 mm Hg systolic
suggested mild to modest improvements in functional
outcomes.”” However, none of these studies clearly
slowed intracranial bleeding, except for the Chinese
INTERACT4 trial, in which patients with potential stroke
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and a blood pressure of at least 150 mm Hg in the
ambulance were randomly assigned to either intravenous
urapidil or standard care before brain imaging. The trial
showed neutral results overall, with worse clinical
outcomes in patients with ischaemic stroke but
significantly improved outcomes in those with ICH.
Several haemostatic trials reported a slowing of bleeding
with reversal of anticoagulation in patients with ICH
while on vitamin K antagonists or factor Xa or thrombin
inhibitors; however, none of these trials showed signifi-
cant improvements in clinical outcomes.** Previous
prospective studies exploring the relationship between
decreased haemorrhage expansion in patients with ICH
and improved clinical outcomes on the mRS suggest that
a mean decrease in the volume of ICH of 34 mL due to a
haemostatic agent is likely the minimum volume needed
to detect a clinical benefit in a trial.”® Nevertheless, the
clinical benefit from this amount of haemostasis must
outweigh the increase in life-threatening thromboembolic
complications associated with haemostatic agents, which
can also affect clinical outcomes.!

CT angiography as a standard diagnostic test for the
evaluation of acute stroke accelerated after the
demonstrated efficacy of endovascular therapy for
patients with ischaemic stroke in 2015 and the
subsequent importance of identifying vascular occlusions
and minimising time to treatment.* This clinical
development led to the routine assessment of more
patients with ICH, because CT angiography has become
part of the normal workflow for the assessment of
patients with potential stroke in high-income countries,
generating additional evidence that a spot sign represents
a marker of ongoing bleeding. However, the predictive
value of the spot sign of clinically significant haematoma
growth in patients with ICH substantially diminishes
with time. In a pooled patient-level data analysis of
12 studies exploring the relationship between the
presence of a spot sign and ICH growth in 1038 patients,
Dowlatshahi and colleagues™ reported a significant
decrease in haematoma expansion as time between
symptom onset and CT angiography increased in
patients with a spot sign (p=0-004), with positive
predictive values decreasing from 53% to 33%.

Two small pilot randomised trials of recombinant
factor VIla in patients with ICH and a spot sign treated
only four participants within 2 h of onset, and had
substantial delays between baseline CT angiography and
administration of the intervention.” These trials did not
show any clear slowing of bleeding with recombinant
factor VIIa. In one of these spot sign studies, an
immediate post-dose CT was performed to evaluate what
proportion of bleeding might have occurred before the
study drug could be administered. This analysis revealed
that 90% of all haematoma expansion had occurred
between baseline CT and post-dose CT, suggesting that
much faster study drug administration is needed.” These
results and our data suggest that the usefulness of CT

www.thelancet.com Vol 407 February 21,2026

angiography as a biological marker of substantial
ongoing bleeding is strongly related to the timing of CT
angiography and how quickly recombinant factor VIIa or
other haemostatic agents need to be administered after
identification of a spot sign. This finding is supported by
the results of other haemostatic trials of tranexamic acid
for patients with spontaneous ICH, which showed that
the only signal for slowing of intracranial bleeding was in
participants who had a spot sign on CT angiography and
were treated within 2 h.»*

Exception from informed consent and emergency
consent procedures, the use of mobile stroke units, and
emphasising time to treatment in the standard workflow
of patients with stroke all had a role in the rapid
administration of study treatment in the FASTEST trial,
even with the requirement of brain imaging.” FASTEST
is the largest trial treating patients with stroke within 2 h
of onset that requires brain imaging before treatment,
including trials of ischaemic stroke, which is more than
two times more common globally” and approximately
eight times more common in the USA.** FASTEST also
reflects the importance of global trials to enrol a sufficient
study population of a less common type of stroke,
one that is more common in Asian countries.” Given
that only about 45% of participants in FASTEST received
treatment within 90 min or had a spot sign identified
within 2 h, the ongoing extension of this trial (FASTEST
part 2; NCT07227246) is recruiting from additional sites;
therefore, recruitment will be correspondingly slower.

The step-forward randomisation process in the
FASTEST trial, identical to that in the NINDS rt-PA Stroke
Trial,** allowed for rapid participant enrolment and
minimisation of time to treatment. This process was
crucial in FASTEST, but cannot adjust for the potential
imbalances in the number of participants in each
treatment group nor minimisation of key baseline
variables that are known to be related to outcomes after
ICH. Adjustment for imbalances in these key variables can
only occur at the time of analysis, which was planned for
in our statistical approach.

At the time that the DSMB recommended halting the
trial for futility in its current iteration, the board also
recommended consideration to continue the trial within
the subgroup of patients with a spot sign. We
subsequently added treatment within 90 min to this
subgroup when the full FASTEST database was available
for analysis. However, a limitation of our results is that
the proportion of patients with ICH worldwide who
might benefit from recombinant factor VIIa would be
small if treatment is effective only for these subgroups.
We estimate that approximately 5% of the
1840500 patients with ICH globally would qualify for
recombinant factor VIIa treatment with a spot sign
within 2 h or treatment within 90 min without a spot
sign.’ This trial’s focus on rapid treatment by minimising
time to evaluation and treatment and emergency consent
procedures can be replicated in sites with CT angiography
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and processes that minimise time to imaging and
treatment.  Demonstrating  effective = haemostatic
treatment for ICH, even in a smaller proportion of
patients, is likely to expand the number of eligible
patients in the future with advances in imaging and
recognition, as also occurred with access to thrombolysis
treatment for ischaemic stroke. Only 1% of patients with
ischaemic stroke were treated with thrombolytics in the
years immediately following its approval by the US Food
and Drug Administration in 1995, which increased to
7% in the USA by 2014”7 and to 21% in Norway in 2021.%

Subgroup analyses, even when prespecified as in the
current trial, have limitations of a smaller sample size,
limited power, and multiple statistical testing, and are
more subject to findings due to chance alone. The linkage
between much larger decreases in haemorrhage expansion
in the two subgroups with signals of clinical efficacy
provides a good biological rationale that these observations
were not due to chance; however, this requires further
testing in the ongoing FASTEST 2 trial (NCT07227246).

In conclusion, recombinant factor VIla administered
within 2 h of ICH onset slowed haematoma growth, but
did not improve functional outcomes at 180 days in
patients with spontaneous ICH. Additionally, this agent
was associated with a small increased risk of life-
threatening thromboembolic complications. Further
testing of recombinant factor VIla in patients with the
greatest risk of continued bleeding is ongoing.

Contributors

JPB, JCG, and AMN conceived and designed the study and provided
overall scientific oversight. The trial’s executive committee, including
KT, DD, TS, CM, PMB, AMD, PK, HJA, AV, SY, SAM, LLW, ]DM, RA,
and ID, contributed to trial governance and supervised study conduct
across participating sites. SAM served as the independent medical safety
monitor for the study. JJE developed the statistical analysis plan and led
the statistical analyses, with analytical support from JB and AP and input
from the study investigators. Imaging data were centrally reviewed and
adjudicated by the FASTEST Imaging Core Laboratory (LLW, AV, and
JCG). ThH and RA developed and maintained imaging training and the
certification platform for participating sites. ES, SAQ, and JPB led trial
operations, project administration, data curation, validation, and
regulatory and site coordination in the USA, and oversaw global efforts
in other countries. KT, SY, MK, and MF-D oversaw trial operations in
Japan. DD oversaw trial operations in Canada. TS, PMB, and CM
oversaw trial operations in Germany, Spain, and the UK. NooS oversaw
investigational product supply, international drug shipment, and
pharmacy coordination. Site investigators NobS, TO, MY, TaH, Na$, KM,
MYDT, CDS, FM, YS, YN, TG, C-HS, TeH, SP, TI, M1, BB, KBW, and IS,
together with the FASTEST Investigators, enrolled participants and
conducted study procedures at their respective sites. All authors
contributed to interpretation of the data, critically reviewed and edited
the manuscript, approved the final version, and agreed to be accountable
for the work. JJE, AP, and JPB verified the data. All authors had full
access to all the data in the study and had final responsibility for the
decision to submit for publication.

Declaration of interests

JPB reports funding from NINDS as the primary funder of the trial to
the University of Cincinnati; and receipt of study medication and
financial support from Novo Nordisk for temperature monitoring of
study medication and support for investigator efforts outside business
hours. JPB also reports consulting fees related to a Roche paediatric
stroke trial and consultation for Basking Bioscience, outside of the
submitted work. JCG reports consulting fees from Frazer, outside of the
submitted work. AMN reports institutional support from the NIH

related to the manuscript; royalties from Cambridge University Press for
a handbook on neurocritical care; and honoraria for educational
activities from the Society of Critical Care Medicine, outside of the
submitted work. KT reports research support from the Japan Agency for
Medical Research and Development (JP191k0201094 and JP231k0221171);
grants and contracts from SoftBank Group; consulting fees from Janssen
Pharmaceuticals; and honoraria for lectures from Otsuka
Pharmaceutical, outside of the submitted work. DD reports funding
from the Canadian Institutes of Health Research for the ICATCHER
trial. DD also holds a patent for an algorithm for the automatic
recognition of contrast extravasation, outside of the submitted work.
AMD reports consulting fees from AstraZeneca; honoraria for
continuing medical education events from Novo Nordisk and
AstraZeneca; participation on a DSMB for the TRUST study (Philips);
leadership roles as Chair of the Board of Directors of the Canadian
Stroke Consortium; and stock ownership in Circle CVI, outside of the
submitted work. SP reports grants or contracts from BMS-Pfizer
(ATTICUS trial), Boehringer Ingelheim (non-financial support for the
REVISION trial), Daiichi Sankyo, the German Federal Joint Committee
Innovation Fund, the German Federal Ministry of Education and
Research, Helena Laboratories, Werfen, and the European Union
Horizon 2020 programme; consulting fees from Alexion, AstraZeneca,
Daiichi Sankyo, and Werfen; honoraria from Alexion, Bayer, Boehringer
Ingelheim, BMS—Pfizer, and Portola; and participation on a DSMB for
the OPENS-2 trial, outside of the submitted work. HJA reports grants
from the German Federal Ministry of Education and Research, the
German Research Foundation, and German Innovation Funds;
consulting fees from Eli Lilly and Boehringer Ingelheim; honoraria from
Boehringer Ingelheim, Pfizer, BMS, Novartis, Ever Neuropharma, and
Bayer Healthcare; and participation on an advisory board and DSMB for
Novo Nordisk, outside of the submitted work. PMB reports grants from
the NIHR Health Technology Assessment programme (PhEAST trial)
and the Alzheimer’s Society (CVD-Cog trial); consulting roles with
CoMind and DiaMedica; chairing the AVERT-DOSE DSMB; leadership
roles with the World Stroke Organisation; stock or advisory interests in
CoMind and DiaMedica; and receipt of equipment and training from
Phagenesis, outside of the submitted work. TO reports honoraria for
lectures or participation in speakers bureaus from Daiichi Sankyo,
Otsuka Pharmaceutical, Takeda, AstraZeneca, Kowa, Takeda
Pharmaceutical Company, and Nestlé Japan, outside of the submitted
work. MF-D reports institutional grant support from the Japan Agency
for Medical Research and Development (JP220a0310011

and JP250a0439003) and JSPS KAKENHI (21K17241), outside of the
submitted work. All other authors declare no competing interests.

Data sharing

Upon completion of the trial and the dissemination of primary results,
de-identified patient-level data (analysis data files) will be made available
to the wider scientific community via the NINDS data repository.

Acknowledgments

The FASTEST trial is funded by NINDS and the Japan Agency for
Medical Research and Development. The trial infrastructure for
FASTEST in the USA was also supported by the NINDS through NIH
StrokeNet. Novo Nordisk supplied the study medication and monies to
support temperature monitoring and enrolment of participants outside
of business hours.

References

1 Broderick JP, Grotta JC, Naidech AM, et al. The story of
intracerebral hemorrhage: from recalcitrant to treatable disease.
Stroke 2021; 52: 1905-14.

2 Mayer SA, Brun NC, Begtrup K, et al, and the Recombinant
Activated Factor VII Intracerebral Hemorrhage Trial Investigators.
Recombinant activated factor VII for acute intracerebral
hemorrhage. N Engl ] Med 2005; 352: 777-85.

3 Mayer SA, Brun NC, Begtrup K, et al, and the FAST Trial
Investigators. Efficacy and safety of recombinant activated factor VII
for acute intracerebral hemorrhage. N Engl | Med 2008; 358: 2127-37.

4 Mayer SA, Davis SM, Skolnick BE, et al, and the FAST trial
investigators. Can a subset of intracerebral hemorrhage patients
benefit from hemostatic therapy with recombinant activated
factor VII? Stroke 2009; 40: 833-40.

www.thelancet.com Vol 407 February 21,2026

Downloaded for Anonymous User (n/a) at Sir Charles Gairdner Hospital from ClinicalKey.com.au by Elsevier on June 11,
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



Articles

10

11

12

13

14

15

16

17

18

19

20

21

22

Broderick JP, Diringer MN, Hill MD, et al, and the Recombinant
Activated Factor VII Intracerebral Hemorrhage Trial Investigators.
Determinants of intracerebral hemorrhage growth: an exploratory
analysis. Stroke 2007; 38: 1072-75.

Brott T, Broderick ], Kothari R, et al. Early hemorrhage growth in
patients with intracerebral hemorrhage. Stroke 1997; 28: 1-5.
Davis SM, Broderick J, Hennerici M, et al, and the Recombinant
Activated Factor VII Intracerebral Hemorrhage Trial Investigators.
Hematoma growth is a determinant of mortality and poor outcome
after intracerebral hemorrhage. Neurology 2006; 66: 1175-81.
Morotti A, Boulouis G, Nawabi ], et al. Association between
hematoma expansion severity and outcome and its interaction with
baseline intracerebral hemorrhage volume. Neurology 2023;

101: e1606-13.

Naidech AM, Grotta ], Elm J, et al. Recombinant factor VIIa for
hemorrhagic stroke treatment at earliest possible time (FASTEST):
protocol for a phase I1I, double-blind, randomized, placebo-
controlled trial. Int J Stroke 2022; 17: 806-09.

Becker KJ, Baxter AB, Bybee HM, Tirschwell DL, Abouelsaad T,
Cohen WA. Extravasation of radiographic contrast is

an independent predictor of death in primary intracerebral
hemorrhage. Stroke 1999; 30: 2025-32.

Goldstein JN, Fazen LE, Snider R, et al. Contrast extravasation on
CT angiography predicts hematoma expansion in intracerebral
hemorrhage. Neurology 2007; 68: 889-94.

Dowlatshahi D, Brouwers HB, Demchuk AM, et al. Predicting
intracerebral hemorrhage growth with the spot sign: the effect of
onset-to-scan time. Stroke 2016; 47: 695-700.

Zhao W, Yeatts SD, Broderick JP, et al. Optimal randomization
designs for large multicenter clinical trials: from the National
Institutes of Health Stroke Trials Network funded by National
Institutes of Health/National Institute of Neurological Disorders
and Stroke Experience. Stroke 2023; 54: 1909-19.

Hemphill JC 3rd, Greenberg SM, Anderson CS, et al, and the
American Heart Association Stroke Council, and the Council on
Cardiovascular and Stroke Nursing, and the Council on Clinical
Cardiology. Guidelines for the management of spontaneous
intracerebral hemorrhage: a guideline for healthcare professionals
from the American Heart Association/American Stroke
Association. Stroke 2015; 46: 2032—60.

Saver JL, Filip B, Hamilton S, et al, and the FAST-MAG
Investigators and Coordinators. Improving the reliability of stroke
disability grading in clinical trials and clinical practice: the Rankin
Focused Assessment (RFA). Stroke 2010; 41: 992-95.

Mehta CR, Pocock S]. Adaptive increase in sample size when
interim results are promising: a practical guide with examples.
Stat Med 2011; 30: 3267-84.

Mehta CR, Liu L, Theuer C. An adaptive population enrichment
phase III trial of TRC105 and pazopanib versus pazopanib alone in
patients with advanced angiosarcoma (TAPPAS trial). Ann Oncol
2019; 30: 103-08.

Steiner T, Purrucker JC, Aguiar de Sousa D, et al. European Stroke
Organisation (ESO) and European Association of Neurosurgical
Societies (EANS) guideline on stroke due to spontaneous
intracerebral haemorrhage. Eur Stroke J 2025; 10: 1007-86.
Pradilla G, Ratcliff JJ, Hall AJ, et al, and the ENRICH trial
investigators. Trial of early minimally invasive removal of
intracerebral hemorrhage. N Engl | Med 2024; 390: 1277-89.
Arthur AS, Jahromi BS, Saphier PS, et al, and the ND Study
Investigators and Collaborators. Minimally invasive surgery vs
medical management alone for intracerebral hemorrhage:

the MIND randomized clinical trial. JAMA Neurol 2025; 82: 1113-21.

Anderson CS, Heeley E, Huang Y, et al, and the INTERACT2
Investigators. Rapid blood-pressure lowering in patients with acute
intracerebral hemorrhage. N Engl | Med 2013; 368: 2355-65.

Ma L, Hu X, Song L, et al, and the INTERACT?3 Investigators.

The third Intensive Care Bundle with Blood Pressure Reduction in
Acute Cerebral Haemorrhage Trial (INTERACT3): an international,
stepped wedge cluster randomised controlled trial. Lancet 2023;
402: 27-40.

www.thelancet.com Vol 407 February 21,2026
Downloaded for Anonymous User (n/a) at Sir Charles Gairdner Hospital from ClinicalKey.com.au by Elsevier on June 11,
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Li G, Lin Y, Yang J, et al, and the INTERACT#4 investigators.
Intensive ambulance-delivered blood-pressure reduction in
hyperacute stroke. N Engl ] Med 2024; 390: 1862-72.

Steiner T, Poli S, Griebe M, et al. Fresh frozen plasma versus
prothrombin complex concentrate in patients with intracranial
haemorrhage related to vitamin K antagonists (INCH):

a randomised trial. Lancet Neurol 2016; 15: 566-73.

Connolly SJ, Sharma M, Cohen AT, et al, and the ANNEXA-I
Investigators. Andexanet for factor Xa inhibitor-associated acute
intracerebral hemorrhage. N Engl ] Med 2024; 390: 1745-55.
Powers W], Derdeyn CP, Biller J, et al, and the American Heart
Association Stroke Council. 2015 American Heart Association/
American Stroke Association focused update of the 2013 guidelines
for the early management of patients with acute ischemic stroke
regarding endovascular treatment: a guideline for healthcare
professionals from the American Heart Association/American
Stroke Association. Stroke 2015; 46: 3020-35.

Gladstone DJ, Aviv RI, Demchuk AM, et al, and the SPOTLIGHT
and STOP-IT Investigators and Coordinators. Effect of recombinant
activated coagulation factor VII on hemorrhage expansion among
patients with spot sign-positive acute intracerebral hemorrhage:
the SPOTLIGHT and STOP-IT randomized clinical trials.

JAMA Neurol 2019; 76: 1493-501.

Al-Ajlan FS, Gladstone DJ, Song D, et al, and the SPOTLIGHT
Investigators. Time course of early hematoma expansion in acute
spot-sign positive intracerebral hemorrhage: prespecified analysis of
the SPOTLIGHT randomized clinical trial. Stroke 2023; 54: 715-21.
Yassi N, Zhao H, Churilov L, et al, and the STOP-MSU Trial
Investigators. Tranexamic acid versus placebo in individuals with
intracerebral haemorrhage treated within 2 h of symptom onset
(STOP-MSU): an international, double-blind, randomised, phase 2
trial. Lancet Neurol 2024; 23: 577-87.

Yassi N, Yogendrakumar V, Churilov L, et al. Tranexamic acid
within 4.5 hours of intracerebral hemorrhage with the CTA spot
sign: systematic review and individual patient meta-analysis.
Neurology 2024; 103: €210104.

Parry-Jones AR, Krishnamurthi R, Ziai WC, et al. World Stroke
Organization (WSO): global intracerebral hemorrhage factsheet
2025. Int J Stroke 2025; 20: 145-50.

Martin SS, Aday AW, Allen NB, et al, and the American Heart
Association Council on Epidemiology and Prevention Statistics
Committee and Stroke Statistics Committee. 2025 Heart disease
and stroke statistics: a report of US and global data from the
American Heart Association. Circulation 2025; 151: e41-660.

Xu L, Wang Z, Wu W, Li M, Li Q. Global, regional, and national
burden of intracerebral hemorrhage and its attributable risk factors
from 1990 to 2021: results from the 2021 Global Burden of Disease
Study. BMC Public Health 2024; 24: 2426.

National Institute of Neurological and Stroke rt-PA Stroke Study
Group. Tissue plasminogen activator for acute ischemic stroke.

N Engl ] Med 1995; 333: 1581-87.

Zhao W, Ciolino J, Palesch Y. Step-forward randomization in
multicenter emergency treatment clinical trials. Acad Emerg Med
2010; 17: 659-65.

Reeves M], Fonarow GC, Smith EE, Sheth KN, Messe SR,
Schwamm LH. Twenty years of get with the guidelines-stroke:
celebrating past successes, lessons learned, and future challenges.
Stroke 2024; 55: 1689-98.

Meng T, Trickey AW, Harris AHS, et al. Lessons learned from the
historical trends on thrombolysis use for acute ischemic stroke
among Medicare beneficiaries in the United States. Front Neurol
2022; 13: 827965.

Elangwe KC, Mathiesen EB, Varmdal T, Indredavik B, Eltoft A.
Trends in reperfusion treatments, functional outcomes and
mortality for first-ever ischaemic stroke in Norway from 2014

to 2021: the Norwegian Stroke Registry. Eur Stroke ] 2025;

10: 1445-53.

783



	Recombinant factor VIIa versus placebo for spontaneous intracerebral haemorrhage within 2 h of symptom onset (FASTEST): a multicentre, double-blind, randomised, placebo-controlled, phase 3 trial
	Introduction
	Methods
	Study design
	Participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


