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ABSTRACT

Introduction Branch atheromatous disease (BAD)-related
stroke is increasingly becoming a clinical entity and
prone to early neurological deterioration (END) and poor
prognosis. There are no effective regimens to reduce the
disability caused by BAD-related stroke in acute phase.
Recent studies have indicated the efficacy of tirofiban in
acute ischaemic stroke; however, its efficacy has not been
validated in patients with BAD-related stroke. Thus, we
aim to test whether intravenous tirofiban initiated within
48 hours after the onset would improve the functional
outcome in patients with acute BAD-related stroke, in
comparison with the standard antiplatelet therapy based
on the current guideline.

Methods and analysis BRANT is a multicentre,
randomised, open-label, blinded endpoint, parallel-
controlled, phase lll trial conducted in 21 hospitals in
China. Participants aged 18-75 years with acute BAD-
related stroke within 48 hours after the stroke onset

are randomised in a 1:1 ratio to the tirofiban or control
group. The treatment period is 48 hours in both groups.
The primary outcome is the excellent functional outcome
(modified Rankin Scale Score: 0—1) at 90 days. The
secondary outcomes include END, major bleeding, stroke,
death, functional status, serious adverse events and
change in bleeding-related markers. Assuming the rates of
the primary outcome to be 74% in the tirofiban group and
62% in the control group, a total of 516 participants are
needed for 0.8 power (two-sided 0.05 alpha).

Ethics and dissemination BRANT study has been
approved by the Ethics Committee of the Peking Union
Medical College Hospital (I-23PJ1242). Written informed
consent is required for all the patients before enrolment.
The results of the study will be published in a peer-
reviewed journal.

Trial registration number ClinicalTrials.gov
(NCT06037889).

INTRODUCTION

Branch atheromatous disease (BAD), first
described conceptually by Caplan in 1989,
is being confirmed as a clinical entity with
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= With the aid of MRI, this study focuses on the pa-
tients with acute branch atheromatous disease
(BAD)-related stroke, which had been inappropriate-
ly classified as small-vessel occlusion or an unde-
termined aetiology by the Trial Org 10172 in Acute
Stroke Treatment system in previous studies.

= The intervention will be initiated within 48 hours of
onset, which is more in line with the timeliness of
BAD treatment.

= The lack of a double-blinded design is a limitation,
but the endpoints are measured in a blinded manner.

the aid of advanced neuroimaging.'™ BAD-
related stroke, characterised by subcortical
single infarct in penetrating artery territories
without severe stenosis of the large parent
artery, accounts for 20.4% of all ischaemic
stroke cases in Asian populations.” * Differing
from lacunar infarct due to lipohyalinosis,
BAD-related stroke is caused by parent arterial
plaque occlusion of the perforating orifice
or proximal atherosclerotic occlusion of the
perforating artery,'™ which could be iden-
tified from small-vessel occlusion or stroke
of undetermined source in the Trial Org
10172 in Acute Stroke Treatment (TOAST)
system.”°

A high incidence of early neurological dete-
rioration (END) has been observed in BAD-
related stroke and is strongly associated with
poor prognosis.”® The rate of END is higher
in BAD-related stroke than in lacunar infarct
(26.8%-37.5% vs 6.3%—18.6%), and throm-
bolysis itself cannot prevent the occurrence
of END.” In addition, it remains unclear
whether intravenous thrombolysis could
improve the clinical outcome of BAD-related
stroke.'” The rate of disability can reach 61%.*
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However, there are no high-level recommendations for
the acute-phase treatment of BAD-related stroke, and no
randomised controlled trial (RCT) has examined BAD
as a separate disease. Current practice—based on the
limited observational data and expert opinion—is hetero-
geneous, including the anticoagulant and mono/dual
antiplatelet therapy, the efficacy of which is uncertain for
BAD-related stroke.'' '*

Tirofiban, a selective and reversible antagonist of glyco-
protein IIb/IIla inhibitors on platelets, might be more
effective than conventional agents (such as aspirin or
clopidogrel) by blocking the final common pathway of
platelet aggregation at the pathophysiological level." In
clinical studies, historical evidence has also reported that
tirofiban increases the recanalisation rate and improves
the functional prognosis in stroke patients with endovas-
cular therapy without increasing bleeding risk.'*® A large
randomised trial of patients with stroke without large or
medium-sized vessel occlusion also reported the efficacy
of tirofiban.'” However, though an atherosclerotic mech-
anism is presumed to exist between BAD and large artery
atherosclerosis, this evidence may not be generalised to
BAD-related stroke, as retrospective data or small samples
may introduce selection bias.'* '® Moreover, about
78.6%-90.9% of END occurs within 48hours after the
onset.'” * Our preliminary results of a cohort with BAD-
related stroke found that the median time from onset to
END was 38 hours. We hypothesised that early tirofiban
administration could improve the functional prognosis
by preventing the occurrence of END. However, tirofiban
was often prescribed after END in previous studies, which
might cause irreversible ischaemic lesions and neurologic
deficits.* 7 Thus, RCTs of acute BAD-related stroke are
needed and have been requested by the researchers.”* In
addition, we speculated that tirofiban should be initiated
within 48 hours after onset to prevent the occurrence of
END.

The BRANT study aims to establish the efficacy and
safety of intravenous tirofiban for improving the func-
tional outcome in patients with acute BAD-related stroke.

METHODS

Design

This is a multicentre, randomised, open-label, blinded
endpoint, parallel-controlled phase III trial. The BRANT
study began enrolment on 9 November 2023, and the
anticipated date of study completion is 31 October 2025.

Patient population
BRANT will enrol 516 participants with BAD-related
stroke within 48 hours of onset from 21 centres in China.

Inclusion criteria

» Age: 18-75 years ol

» Acute ischaemic stroke.

» Time from onset to randomisation <48 hours; if onset
time is unknown, time from last known well to rando-
misation <48 hours.

d.Ql 22

» Meet the following BAD diagnostic imaging criteria:

1. Diffusion-weighted imaging (DWI) infarcts: single
(isolated) deep (subcortical) infarcts.

2. The culprit arteries are either lenticulostriate
artery (LSA) or paramedian pontine artery (PPA),
and the infarct lesion on DWI conforms to one of
the following characteristics (A/B):

A. LSA: ‘Comma-like’ infarct lesions with ‘fan-
shaped’ extension from bottom to top in the
coronary position; or 23 layers (layer thickness
5-7mm) on the axial DWI brain images.

B. PPA: The infarct lesion extends from the deep
pons to the ventral pons on the axial DWI brain
images.

3. No more than 50% stenosis on the parent artery

of the criminal artery (ie, corresponding basilar or

middle cerebral artery) (confirmed by magnetic reso-
nance angiography (MRA)/CT angiography (CTA)/
digital subtraction angiography (DSA)).

» Signed informed consent by the patient or legally
authorised representatives.

Exclusion criteria

» Transient ischaemic attack (TIA).

» Intracranial haemorrhagic diseases, vascular malfor-
mations, aneurysms, brain abscesses, malignant space-
occupying lesions or other non-ischaemic intracranial
lesions detected by baseline CT/MRI, or MRA/CTA/
DSA.

» Presence of 250% stenosis in extracranial artery in
tandem relationship ipsilateral to the lesion.

» Cardiogenic embolism: atrial fibrillation, myocardial
infarction, heart valve disease, dilated cardiomyo-
pathy, infective endocarditis, atrioventricular block
disease, heart rate <50 beats per minute.

» Have received or plan to receive endovascular therapy
or thrombolysis after onset.

» Stroke of other clear causes, for example, moyamoya
disease, arterial entrapment, vasculitis, etc.

» Modified Rankin Scale score >2 before onset.

» Use of tirofiban within 1week before or after onset.

» Low platelets (<100x10° /L), or prothrombin time
>1.3 times of the upper normal limit, or international
normalised ratio >1.5 or other systemic haemorrhagic
tendencies such as haematological disorders.

» Elevation of alanine aminotransferase or aspartate
aminotransferase >1.5 times the upper normal limit.

» Glomerular filtration rate <60mL,/min/1.73 m?.

» Known malignant tumours.

» History of trauma or major surgical intervention
within 6 weeks prior to onset.

» History of intracranial haemorrhage.

» Active or recent history (within 30 days prior to onset)
of clinical bleeding (eg, gastrointestinal bleeding).

» Malignant hypertension (systolic blood pressure
>200mm Hg or diastolic blood pressure >120mm
Hg).

» Life expectancy <6 months.
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Figure 1 Study flow. BAD, branch atheromatous disease.

» Contraindications of 3T MRI examination.

» Pregnant or lactating women.

» Have participated in another clinical trial within 3
months prior to the date of informed consent or are
participating in another clinical trial.

Randomisation

Participants will be randomised in a 1:1 ratio using a
dynamic block randomisation method via an indepen-
dent central website. The block sizes were set to 6, 8
and 12. The allocation sequence is stored on the central
website and the participant will be assigned to the tiro-
fiban or control group in a 1:1 ratio according to the
order of enrolment.

Intervention

Tirofiban group: intravenous tirofiban will be admin-
istered immediately after randomisation for a total
duration of 48 hours with a loading dose of 0.4pg/kg/
minx30min, followed by a maintenance dose of 0.1pg/
kg/minx47.5hours (figure 1).

Control group: standard antiplatelet therapy based
on the Chinese stroke guidelines will be initiated after
randomisation for a total duration of 48 hours, as the
two following types: (1) aspirin 150-300mg per day, or
(2) aspirin 100mg per day plus clopidogrel 75mg per
day.” Tts initiation will be determined based on the last

administration time of antithrombotic drugs; however,
the drug should be administered as soon as possible.

After a 48-hour treatment period in both groups, the
standard of care, including an antithrombotic regimen,
will be performed based on current guidelines and
recorded in detail (figure 1).

Primary outcomes

The primary outcome is an excellent functional outcome
at 90 days, defined as a modified Rankin Scale score of
0-1.2* The primary outcome will be measured by the qual-
ified evaluators who are blinded to all procedures.

Secondary outcomes

Secondary efficacy outcomes include END, National
Institutes of Health Stroke Scale (NIHSS) score, Barthel
Index score, ischaemic stroke, stroke, TIA, a composite
event of new-onset stroke, myocardial infarction and all-
cause death. Excellent functional outcome at 7 days is also
listed as a secondary efficacy outcome. Safety outcomes
include major bleeding as defined by the PLATO criteria,
adverse events, all-cause death and changes in bleeding-
related markers.” The evaluators will not be aware of the
treatment assignment after randomisation. All the clinical
and safety events will be re-examined by the independent
Clinical Event Committee (CEC), which will be blinded
during all the procedures.
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Considering the predictive value of END, we adopted
the widely used and conservative definition of END for
the BRANT study.*® The presence of END is determined
by an increase of >4 points in the NIHSS or an increase
of 22 points in the NIHSS motor score. The NIHSS
motor score refers to bilateral upper and lower extremity
mobility scores. The baseline NIHSS score for the calcula-
tion of END is the first clinician evaluated and recorded
NIHSS score after onset. The time frame for postrando-
misation END is within 7 days of randomisation.

Study protocol and data management

A study flowchart is shown in figure 1 and online supple-
mental table S1. At visit 1, the trained investigators will
recruit the patients based on the screening age, onset
time, MRI and other enrolment criteria (ie, intracra-
nial artery and ECG). The investigator will then explain
the BRANT study to the patient in detail, including
the contents of each visit and the interventions. After
obtaining written informed consent, the participants
will be assigned to the tirofiban or control groups via a
central website-based randomisation system. The patients
are encouraged to undergo on-site follow-up at 90 days.
Demographic, clinical, radiological, laboratory and clin-
ical event data at each visit (online supplemental table
S1) will be collected and stored in an electronic case
report form (CRF) via a secure website. All CRFs will be
checked by the local investigators for completeness and
correction prior to data entry. The data will be checked
dynamically by the principal investigator (JN) with the aid
of research assistants.

Data monitoring board

An independent Data Security Monitoring Board
(DSMB), including academic experts and statisticians,
has been established to protect the interests of the
participants during the study. The DSMB will review the
overall implementation of the clinical study regularly and
dynamically assess the risks and benefits, particularly the
unexpected adverse events. The DSMB reports to the
Executive Committee and provides professional advice.

Sample size estimates

Based on the previous studies and clinical practice, we
assumed the rates of the primary outcome to be 62%
and 74% in the control and tirofiban groups, respec-
tively.? 716 18 2729 Thys, 934 participants per arm are
needed for a two-sided test at alpha 0.05 and power 0.8.
Considering a dropout rate of 10%, 516 patients will be
required.

Statistical analyses

According to the principle of intention-to-treat analysis,
all the participants who are randomised into groups with
more than one efficacy evaluation will be included in the
full analysis set. The estimation of missing values will be
conducted by the carry-over based on last observation
carried forward estimation method. The proportion of
excellent functional outcomes at 90 days will be compared

using the % tests and shown as frequency (percentage).
Most secondary outcome analyses will also use the primary
outcome analysis strategy. Survival data will be calculated
using the Kaplan-Meier method to estimate the survival
rate in each group, and efficacy will be assessed using
the log-rank test. HRs and 95% CIs will be calculated
using the Cox proportional hazards model. Non-survival
data will be analysed using the y” test, and ORs and 95%
CIs will be calculated using Logistic regression model.
Continuous variables will be compared between the two
groups using the Student’s t-test or Wilcoxon rank-sum
test. The influence of covariables will be evaluated using
subgroup analysis. No interim analysis is planned in this
trial. All analyses will be performed using SAS V.9.4, and a
two-sided p<0.05 is considered significant.

Patient and public involvement statement
None.

Ethics and dissemination

The BRANT study was approved by the Ethics Committee
of Peking Union Medical College Hospital (I-23P]1242)
on 20 July 2023. Written informed consent is required
from all the patients before enrolment. BRANT will be
carried out according to Good Clinical Practice and the
Declaration of Helsinki. The protocol amendments will
be reported to the institutional ethics committee. The
trial sponsor is Peking Union Medical College Hospital.
The trial results will be published in a peerreviewed
journal.

DISCUSSION

The BRANT study is a multicentre RCT that addresses
the important treatment dilemma of improving the func-
tional outcomes of BAD-related stroke.

BAD was first proposed by Caplan in 1989 to be distinct
from lacunar infarct.' However, in the past three decades,
most clinical studies have classified BAD as small-vessel
occlusion or undetermined aetiology based on the
TOAST system.” ° Few studies focused on acute BAD-
related stroke, probably due to discrepant definitions.®
Recently, an increasing number of observational studies
found distinct clinical, radiologic and prognostic features
that patients with BAD-related stroke are prone to END
and poor prognosis.2 30

Owing to the limitations of neuroimaging tech-
niques, the perforating artery, such as the LSA or
PPA, cannot be directly visualised. Radiological diag-
nosis is based on the vascular territory, dimension or
shape of the lesion,3 31 which results in huge variations
among BAD definitions. With the aid of neuroimaging
and clinical practice, Asian neurologists proposed
the radiological diagnosis criteria for BAD.?* ¥ Our
previous study also found that >4 consecutive slices
on the axial view are more effective than the trans-
versal diameter in differentiating atherosclerotic
mechanisms of single subcortical infarction in the
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LSA territory.”* Considering the generalisation and
diagnostic accuracy of our study, we used >3 consec-
utive layers on the axial DWI series instead of lesion
diameter to define BAD-related stroke in the LSA
territory.” Because obtaining direct evidence of the
LSA and PPA is currently not technically feasible, our
inclusion criteria based on MRI show considerable
accuracy and representativeness.

In addition, our study uses simplified operation-
alised criteria to exclude cardiogenic embolism and
patients with these comorbidities will not be included.
Some conditions seem general, which is a limitation
of our study; however, this facilitates the researcher’s
ability to complete the screening within a limited
timeframe with low inconsistency.

We seta 90-day excellent functional outcome instead
of END or new-onset stroke as the primary outcome
for the following reasons: (1) historical evidence indi-
cated that tirofiban improved the functional outcome
of ischaemic stroke;'* 17 (2) END is an intermediate
indicator;’ (3) the 90-day rate of recurrent stroke is
1.8% in our preliminary analysis of a BAD-related
stroke cohort and probably less than 3.8% in other
cohorts,go which is relatively low. Thus, the BRANT
study will provide direct evidence on how to reduce
the disability caused by BAD, which is the major chal-
lenge in current clinical practice.

As oral mono antiplatelet therapy is unethical and
against Chinese stroke guidelines for patients with
NIHSS <3, there are two types of antiplatelet therapy
in the control group.”” A double-blind design would
markedly increase the complexity of the trial proce-
dure. Therefore, we selected a prospective randomised
open-blinded end-point design for BRANT. Indepen-
dent senior neurologists who will be blinded to the
procedure information have been trained to evaluate
the primary outcome. An independent CEC has been
established to centrally re-examine all the clinical
events after randomisation. Some local investigators
may know the treatment allocation; however, all eval-
uators of the subjective indicators will be blinded to
the treatment allocation.
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