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ABSTRACT
Introduction Dual antiplatelet therapy and high- intensity 
statins are the mainstay treatment in patients with acute 
stage, symptomatic intracranial atherosclerotic stenosis 
(ICAS). Alirocumab is a monoclonal antibody that can 
inhibit proprotein convertase subtilisin–kexin type 9 
and effectively lower low- density lipoprotein cholesterol 
levels with less side effects than statins. We hypothesise 
that alirocumab treatment in addition to statin therapy 
could stabilise intracranial plaque and reduce arterial 
stenosis.
Methods and analysis In this prospective, randomised, 
open- label, blinded end- point study, we will use high- 
resolution vessel- wall MRI to evaluate the efficacy 
and safety of alirocumab in patients who had an acute 
ischaemic stroke from ICAS. We will recruit 66 patients 
who had an acute ischaemic stroke within 7 days of 
symptom onset, who had symptomatic intracranial artery 
stenosis (>30%) at the middle cerebral artery, basilar 
artery or intracranial internal carotid artery. Among them, 
22 patients will be randomised to the intervention group to 
receive treatment with 75 mg alirocumab subcutaneously 
every 2 weeks for a total of 26 weeks, while those in 
the control group will not. All patients in both groups will 
receive antiplatelet agents and high- intensity statins, 
including 20 mg rosuvastatin or 40–80 mg atorvastatin or 
at the maximum tolerated dose. All of them will undergo 
MRI at recruitment and after 26 weeks. The primary 
outcomes are changes in intracranial atherosclerotic 
plaques in the MRI before and after 6 months treatment. 
This trial is being conducted at Chang Gung Memorial 
Hospital at Chiayi, Taiwan.
Ethics and dissemination This trial has been approved 
by the Institutional Review Board of Chang Gung 
Memorial Hospital (approval no. 202 002 482A3). Written 
informed consent will be obtained from all research 
participants. Study results will be published as peer- 
reviewed articles.
Trial registration number  ClinicalTrials. gov, Identifier: 
NCT05001984; Pre-results.

INTRODUCTION
Intracranial atherosclerotic stenosis (ICAS) 
is one of most common causes of ischaemic 
stroke, and is particularly prevalent among 
Asians.1 It is associated with the highest rate of 
recurrent stroke compared with other aetiol-
ogies.2 3 This higher rate or stroke recurrence 
is related to haemodynamic compromise, 
artery- to- artery emboli and impaired emboli 
clearance.4 In addition, plaques with large 
lipid cores, fibrous caps or intraplaque haem-
orrhage, are more vulnerable to rupture, 
resulting in embolic stroke in locations down-
stream.5 6 Moreover, ICAS has been reported 
to cause branch atheromatous disease 
when atherosclerotic plaques occlude the 
origin of large calibre penetrating arteries.7 
Branch atheromatous disease is more likely 
to have progressive motor deficits and poor 
functional outcomes, compared with other 
subcortical infarction due to hypertensive 

Strengths and limitations of this study

 ► This is the first trial to assess the efficacy of a pro-
protein convertase subtilisin–kexin type 9 inhibitor 
for the regression of intracranial atherosclerotic 
plaque after acute stroke beyond current best med-
ical treatment.

 ► Due to the small sample size, it may be difficult to 
reach statistical significance for the secondary end-
points, such as major cardiovascular events or func-
tional outcomes.

 ► This trial is designed as a prospective randomised 
open- label blinded end- point trial, because this 
design entails low costs and renders patient re-
cruitment easier; however, it may have the inherent 
drawbacks of investigator bias.
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arteriopathy.8 9 Therefore, there is an urgent need to eval-
uate the effective management of ICAS.

The treatment of ICAS nowadays primarily focuses 
on secondary prevention to reduce stroke recurrence, 
including antiplatelet therapy, lipid- lowering treatments, 
interventional therapy and risk factor modification.10 
Recent trials showed that early and short- term dual anti-
platelet therapy might reduce the probability of recurrent 
stroke in patients who had a minor stroke or high- risk 
transient ischaemic attack (TIA).11 12 A retrospective 
study reported that dual antiplatelet therapy was bene-
ficial for reducing the events of myocardial infarction, 
recurrent stroke and all- cause death in large atheroscle-
rotic stroke.13 Dual antiplatelet therapy in patients with 
symptomatic ICAS for 90 days was used in the Stenting 
and Aggressive Medical Therapy for Preventing Recur-
rent Stroke in Intracranial Stenosis (SAMMPRIS) trial,14 
which demonstrated a lower rate of recurrent stroke in 
patients with ICAS with 70%–99% stenosis compared with 
historical controls.15

The Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels trial was the first one to show the effec-
tiveness of high- intensity statins, atorvastatin 80 mg daily, 
for reducing the risk of recurrent stroke (HR 0.84 (95% 
CI 0.71 to 0.99)) in comparison to a placebo.16 High- 
intensity statins were used in the SAMMPRIS trial and 
became the standard treatment for patients with ICAS. 
Nowadays, the guidelines recommend to start or continue 
statin treatment as early as possible in acute ischaemic 
stroke.17 Some guidelines also suggest moderate- intensity 
or high- intensity statin therapy for patients with TIA or 
ischaemic stroke of atherosclerotic pathology, indepen-
dent of the baseline low- density lipoprotein cholesterol 
(LDL- C).18 Fixed- dose combinations of statin and ezeti-
mibe are also the first approach for patients with athero-
sclerotic cardiovascular disease and high LDL- C levels.19

However, high- intensity statin treatment is related to 
higher side effects, such as myalgia and abnormal liver 
function, which lead to suboptimal treatment. Mono-
clonal antibodies that inhibit proprotein convertase 
subtilisin–kexin type 9 (PCSK9) have emerged as a new 
class of drugs that effectively lower LDL cholesterol levels 
by approximately 60%.20 21 Recent evidence has shown 
that the use PCSK9 inhibitors in patients with hyperlip-
idaemia or atherosclerotic cardiovascular disease signifi-
cantly reduced the risk of major adverse cardiovascular 
events, including stroke risk (relative risk, 0.78 (95% CI 
0.67 to 0.89); p=0.0005).22 High- intensity statin treatment 
also significantly reduced intracranial atherosclerotic 
plaques after acute stroke by ICAS as documented by 
high- resolution MRI.23 Therefore, studies are needed to 
investigate the utility of PCSK9 inhibition in patients with 
symptomatic ICAS with the aim of reducing stroke risk.

In this trial, we will conduct a prospective, randomised, 
open- label, blinded end- point study using high- resolution 
MRI in patients who had an acute ischaemic stroke from 
ICAS, to evaluate the efficacy and safety of alirocumab, a 
monoclonal antibody against PCSK9. We hypothesise that 

alirocumab treatment in addition to statin therapy could 
stabilise intracranial plaques and reduce arterial stenosis.

METHODS AND ANALYSIS
Study design
In this prospective, randomised, open- label, blinded end- 
point study, we will recruit 66 patients with acute infarction 
within 7 days of stroke onset, who had >30% intracra-
nial artery stenosis, including the intracranial internal 
carotid artery, the M1 or M2 of the middle cerebral artery 
(MCA), or the basilar artery. We exclude patients with 
extracranial artery stenosis >50% (carotid or proximal 
vertebral arteries), cardioembolic stroke (valvular heart 
disease, atrial fibrillation or aortic arch atheroma) and 
severe renal or hepatic abnormalities.

After reviewing the eligibility criteria, 22 patients will be 
randomised to the intervention group to receive treatment 
with 75 mg alirocumab subcutaneously every 2 weeks for 
a total of 26 weeks (figure 1). Additionally, patients in the 
intervention group will also be treated with high- intensity 
statins, including atorvastatin 40–80 mg or rosuvastatin 
20 mg (or at the maximum tolerated dose). The other 
44 patients will be randomised to the control group and 
will receive treatment with high- intensity statins (or at the 
maximum tolerated dose). The study is being conducted 
from August 2021 to July 2024 at Chang Gung Memorial 
Hospital at Chiayi, Taiwan.

The trial protocol has been approved by the institu-
tional review board at Chang Gung Memorial Hospital. 
All patients will be required to sign their written informed 
consent before recruitment into the study.

Study population
Patients will be included if they: (1) are diagnosed with 
ischaemic stroke with visible acute infarction in the terri-
tory of symptomatic ICAS on diffuse- weighted imaging 
(DWI), (2) have a total score of 1–15 in National Insti-
tutes of Health Stroke Scale (NIHSS), (3) have symptom-
atic stenosis (>30%) of the intracranial artery, including 
the intracranial internal carotid artery, the M1 or M2 of 
the MCA, or basilar artery, (4) could receive alirocumab 
and statin treatment within 7 days of stroke onset. We will 
exclude patients with other determined causes of stroke, 
such as arterial dissection or vasculitis, and also exclude 
those at high risk of having a cardioembolic source, 
including atrial fibrillation or heart failure. Detailed 
inclusion and exclusion criteria are listed in box 1.

Trial intervention
Patients in the intervention group will receive treatment 
with alirocumab 75 mg subcutaneously every 2 weeks for 
a total of 26 weeks. High- intensity statins, including rosu-
vastatin 20 mg or atorvastatin 40–80 mg, will be admin-
istered to both groups (figure 1). Patients not receiving 
high- intensity statins must have documented evidence. 
In such situations, moderate- intensity statins and/or 
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ezetimibe is acceptable and this will be judged by the clin-
ical physician.

Patients will receive high- intensity statins treatment 
for 26 weeks but a reduced dose is allowed if any adverse 
effects, including elevated creatine- phospho- kinase 
(CPK), myalgia, elevated liver functions or other side 
effects as judged by the clinical physician. We will check 
alanine aminotransferase (ALT) and CPK 4 weeks after 
treatment and follow- up measuring ALT, CPK and lipid 
profiles 12 and 26 weeks after treatment.

We will record clinical data on sex, age, smoking status 
and a medical history of hypertension, diabetes mellitus, 
hypercholesterolaemia, prior stroke, congestive heart 
failure, atrial fibrillation and coronary artery disease. 
Systolic and diastolic blood pressure values, complete 
blood count and blood biochemistry will be determined 
on admission. Essential surveys for stroke etiologies 
including ECG and carotid Doppler will be performed. 
For patients with acute stroke of suspected embolic 
origin, they will receive echocardiography and 24 hours 
Holter monitoring.

Neurological deficits will be evaluated using the NIHSS 
at the date of recruitment and the 7th, 30th and 90th 
day after stroke onset. Clinical outcomes at the third and 
sixth months will be assessed by the modified Rankin 
Scale (mRS).

Study outcomes
Primary endpoints
Changes in intracranial atherosclerotic plaque in a vessel- 
wall MRI before and after 6- month treatment, calculated 
as per cent atheroma volume (PAV), stenosis degree and 
enhancement volume.

The stenosis degree is calculated as: (1−lumen area of 
stenotic lesion/reference lumen area)×100%.

PAV = Σ(EEM area−Lumen area)/ΣEEM area ×100, 
where the EEM area is the cross- sectional area of the 
external elastic membrane and Lumen area is the cross- 
sectional area of the lumen.

Enhancement volume is measured as postcontrast 
plaque enhancement for intracranial arteries and 
intraplaque haemorrhage.

Secondary endpoints
1. Percentage of patients with major cardiovascular 

events, including a composite of cardiovascular death, 
myocardial infarction, TIA, ischaemic stroke and hae-
morrhagic stroke.

2. Percentage of patients with myocardial infarction.
3. Percentage of patients with cardiovascular death.
4. Percentage of patients who had a stroke, including 

TIA, ischaemic and haemorrhagic stroke.
5. Percentage of patients who had an ischaemic stroke or 

TIA.
6. Percentage of patients with new ischaemic lesions, de-

fined as new ischaemic lesions in the territory of ICAS 
between two MRIs.

7. Percentage of patients with favourable functional re-
covery, defined as mRS at 3 and 6 months.

8. The changes of liver function tests, HbA1c and lipid 
profiles.

Sample size
There was no reference for the changes of intracranial 
plaques after PCSK9 treatment. Therefore, sample size is 
determined by biostatistical calculation using G*POWER 
based on expected effect size of 0.7, which is the mean 
difference in SD units detectable with 80% power at a 
2- sided 0.05 level of significance with 2- sample t- test and 
the SD fraction, which is SD as a fraction of biologically 

Figure 1 Schematic of the study design and treatment schedule. High- intensity statins, including rosuvastatin 20 mg or 
atorvastatin 40–80 mg, will be administered in both groups for 26 weeks. Patients in the intervention group will receive an 
additional treatment of alirocumab 75 mg subcutaneously within 7 days of stroke onset and then every 2 weeks for a total of 26 
weeks. All patients will undergo MRI at recruitment and after 26 weeks.
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meaningful difference. The intervention group has a 
sample size of 20 and the control group has a sample size 
of 40. However, considering a possible dropout of 10%, 
sample size is estimated to be 22 and 44, respectively.

Imaging protocol and analysis
All data will be obtained using a Siemens Verio 3T MRI 
scanner (Siemens Medical System) with a 32- channel 
head coil. A standard protocol is used for the initial and 
follow- up imaging including: (1) T2- weighted turbo 
spin- echo (TSE) imaging, (2) fluid- attenuated inver-
sion recovery (FLAIR) imaging, (3) DWI, (4) three- 
dimensional (3- D) time- of- flight MR angiography and (5) 
high- resolution vessel wall imaging.24 25

The imaging sequences and parameters are as follows:, 
T2- weighted TSE imaging (repetition time (TR)/echo 
time (TE)=2800/90 ms, 245×320 acquisition matrix, 
4.0 mm slice thickness and 28 slices), FLAIR imaging 
(TR/TE=8000/93 ms, inversion time=2400 ms, 320×256 
acquisition matrix, 4.0 mm slice thickness, 28 slices 
and 230×320 mm field of view (FOV)) and DWI (TR/
TE=8400/90, 160×160 acquisition matrix, 4.0 mm slice 
thickness, 28 slices, b- factor=1300 and 230×230 mm field 
of view (FOV)). The MR angiography used 3- D time of 
flight (TR/TE=20/3.6 ms and 0.8 mm thickness) covering 
the extracranial carotid artery and the circle of Willis.26

The high- resolution vessel wall imaging includes 
precontrast and postcontrast 3D T1- weighted Sampling 
Perfection with Application optimised Contrast using 
different flip angle Evolution sequence imaging 
(0.6×0.6×0.6 mm voxel size, TR/TE=700/22 ms, acqui-
sition matrix=320×320 pixels, FOV=190×190 mm and 44 
slices with zero gap) in multiple planes and fat- saturated, 
moderately T2- weighted 3- D TSE imaging (0.6×0.6×0.6 
mm voxel size, TR/TE=3200/323 ms, acquisition 
matrix=320×320 pixels, FOV=180×150 mm and 44 slices 
with zero gap).

Time- of- flight MRA is used to select the location of 
maximal stenosis by the cross- section of luminal images, 
which include axial images for basilar artery and sagittal 
images for MCA. The plaque resulting in highest degree of 
stenosis is selected for analysis. The outer vessel contours 
are traced on T2- weighted images and lumen contours 
are traced on T1- weighted images.14 After tracing the 
lumen area and vessel area, the wall area is defined as 
the difference between the vessel and lumen areas (wall 
area=vessel area−lumen area). We select a normal vessel 
as a reference, either a normal vessel contralaterally or a 
proximal portion before the stenosis.

One experienced neuroradiologist and one neurol-
ogist will assess the MRI, both blinded to the clinical 
information.

Statistical analysis
The statistical analyses will be performed using the IBM 
Statistical Package for the Social Sciences V.18 software. 
The Kolmogorov- Smirnov test will be used to examine the 
normality of continuous variables. Categorical data will 
be analysed using Fisher’s exact test or Pearson’s χ2 test, 
as appropriate. Normally distributed continuous variables 
will be compared by an independent samples Student’s 
t- test and the variables not normally distributed will be 
compared by a Mann- Whitney U test. A logistic regression 

Box 1 Inclusion and exclusion criteria

Inclusion criteria
 ► Clinical diagnosis of acute ischaemic stroke.
 ► A total score of 1–15 in National Institutes of Health Stroke Scale.
 ► Ischaemic lesions on diffuse- weighted imaging located in the terri-
tory of symptomatic intracranial atherosclerosis (ICAS).

 ► Symptomatic ICAS (above 30%) at the intracranial portion of the 
internal carotid artery, at the M1 or M2 of the middle cerebral artery, 
or at the basilar artery.

 ► Serum low- density lipoprotein cholesterol (LDL- C) ≥70 mg/dL for 
subjects on lipid- lowering therapies (such as a statin and/or eze-
timibe) or LDL- C ≥100 mg/dL for subjects without lipid- lowering 
therapies.

 ► Ability to randomise within 7 days days of time last known to be free 
of new ischaemic symptoms.

 ► Ability to receive alirocumab or statin treatment within 7 days days 
of stroke onset.

 ► Head CT or MRI ruling out haemorrhage or other pathology, such as 
vascular malformation, tumour or abscess, that could explain symp-
toms or contraindicate therapy.

 ► Prestroke modified Rankin Scale≤2.

Exclusion criteria
 ► Age <20 years.
 ► After endovascular intervention or endarterectomy for symptomatic 
ICAS.

 ► The magnetic resonance angiography shows >50% stenosis of ex-
tracranial carotid or vertebral arteries.

 ► Patients have high- risk sources of cardiac embolism, including 
acute myocardial infarction, atrial fibrillation, valvular heart disease 
or severe heart failure.

 ► Other determined stroke subtype, including arterial dissection, 
shock, vasculitis, antiphospholipid antibody syndrome, cerebral au-
tosomal dominant arteriopathy with subcortical infarcts and leuko-
encephalopathy etc.

 ► Qualifying ischemicischaemic event induced by angiography or 
surgery.

 ► Severe non- cardiovascular comorbidity with a life expectancy <6 
months.

 ► Contraindication or allergy to alirocumab or gadolinium.
 ► Renal insufficiency with serum creatinine >2 mg/dL or calculated 
glomerular filtration rate <30 mL/min/1.73 m2 by estimated glomer-
ular filtration rate using Cockcroft Gault methodology.

 ► Abnormal hepatic functions (alanine aminotransferase >40 U/L, in-
ternational normalized ratio (INR) >1.2, variceal bleeding, jaundice 
or hepatic encephalopathy).

 ► Systemic bleeding or haemostatic disorder in recent 3 months.
 ► Thrombocytopaenia with platelet count <100×109/L or leucopenia 
with decreased cell count <2×109/L.

 ► Anaemia (<10 mg/dL).
 ► History of drug- induced haematologic or hepatic abnormalities.
 ► History of malignancy that required surgery, radiation therapy or 
systemic therapy.

 ► Females who are pregnant or nursing, or who are of childbearing 
potential and unwilling to use effective contraception.

 ► Any neurological conditions that complicate outcome assessment 
during follow- up.
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model will be applied to adjust confounding factors for 
the measured outcomes. HRs and 95% CIs will be esti-
mated with the use of a Cox proportional- hazards model 
for the secondary end points. A p value of <0.05 will be 
considered statistically significant.

Data management
All informed consent forms and completed documents 
will be kept in a secure locked facility. All the clinical data 
will be input into an electronic database and only the 
principal researchers have the rights to access. A research 
steering committee will be established to monitor the 
progress and safety of this study in accordance with the 
required quality standards. The research assistants will 
verify compliance with all consent forms, research proto-
cols and procedures, and data review. The researchers 
will report to the research steering committee every 6 
months. All documents and records will be stored for 7 
years after this trial is completed.27

Adverse events
Any adverse events that occur during the conduct of the 
trial will be reported to the Domain Specific Research 
Board in accordance with local agency policies. Interim 
analyses are used to help decide whether to stop or 
continue the trial according to the accumulated data.

Patient and public involvement
Stroke association members took part in the preparation 
of the proposal. Selected patients with acute symptomatic 
ICAS will participate in this study. Stroke associations will 
help to disseminate research findings to the public.

ETHICS AND DISSEMINATION
The study has been approved by the Institutional Review 
Committee of Chang Gung Memorial Hospital (approval 
no. 202 002 482A3). The study is registered on  Clini-
calTrials. gov (NCT05001984). All participants will be 
required to sign and date an informed consent (online 
supplemental file). The results of this research will be 
disseminated in peer- reviewed journals and academic 
conferences. The dataset obtained during the research 
period can be obtained from the corresponding author 
on reasonable request.
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