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Introduction: There is a high risk of stroke occurrence and recurrence in patients with intracranial atherosclerotic stenosis (ICAS) despite aggressive medical therapy. Evolocumab is a monoclonal antibody which can inhibit proprotein convertase subtilisin-kexin type 9 (PCSK9) and effectively reduce the level of low-density lipoprotein cholesterol. We hypothesize that evolocumab added to statin therapy (EAST) can stabilize intracranial plaques in patients with symptomatic ICAS.

Methods and analysis: This is a prospective, randomized, open-label, blinded end-point study, which will assess the efficacy and safety of evolocumab in patients with symptomatic ICAS. Eighty patients who suffer a stroke/transient ischemic attack (TIA) caused by ICAS recently will be randomly allocated in a 1:1 ratio to the evolocumab plus statin treatment group or the statin treatment group. High resolution vessel wall magnetic resonance imaging (HR-vwMRI) will be performed at recruitment and after 6 months and 12 months. The primary outcome is changes in plaque characteristics assessed by HR-vwMRI at 6th month and 12th month after treatment. Cognitive and neurological function will also be evaluated at recruitment and follow-up. This trial is being conducted at the first affiliated hospital of Nanjing medical university, China.

Ethics and dissemination: All participants will sign written informed consents. Peer-reviewed articles will be published to disseminate study outcomes.

Clinical trial registration: ClinicalTrials.gov, identifier: NCT05741086.
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1 Introduction

Intracranial atherosclerosis stenosis (ICAS) is one of the important causes of ischemic stroke occurrence and recurrence worldwide and is especially common in Asian (1, 2). It accounts for 30–50% of strokes in Asian, but only 5–10% in the West (3, 4). Aggressive medical management (e.g., high intensity statin therapy to reduce low-density lipoprotein (LDL) cholesterol <1.8 mmol/L) is superior to the percutaneous transluminal angioplasty and stenting for symptomatic ICAS in the SAMMPRIS study. However, around one in five patients still experienced stroke recurrence or death during 3-year follow-up in the aggressive medical treatment group (5).

As a fully human monoclonal antibody and a member of proprotein convertase subtilisin-kexin type 9 (PCSK9) inhibitors, evolocumab has the potential to decrease LDL cholesterol levels by around 60%. The FOURIER study showed that evolocumab decreased cardiovascular events (i.e., cardiovascular death, myocardial infarction, and stroke), in patients with atherosclerotic cardiovascular disease during 2.2 years follow-up (6). It’s still largely unknown whether evolocumab could affect the evolution of ICAS and reduce ischemic events in patients with stroke.

We thus designed this prospective, randomized, open-label, blinded end-point study to evaluate the effects of evolocumab added to statin therapy (EAST) in patients with stroke/transient ischemic attack (TIA) caused by ICAS. Eighty patients will be enrolled and assigned into two arms with or without evolocumab. Changes in plaque characteristics on high resolution vessel wall magnetic resonance imaging (HR-vwMRI), neurological function and cognitive function will be evaluated and analyzed between groups over a period of 1 year follow-up.



2 Materials and methods


2.1 Study design

This is a prospective, randomized, open-label, and blinded endpoint assessment study. We will recruit 80 patients who have recently suffered a stroke/transient ischemic attack (TIA) due to ICAS. The inclusion and exclusion criteria are shown in Tables 1, 2, respectively. Patients will be allocated in a 1:1 ratio to the evolocumab plus statin treatment arm or the statin alone treatment arm. Evolocumab (150 mg) will be injected subcutaneously every 2 weeks for 12 months. Both arms will receive statins for 12 months, including atorvastatin 20–80 mg or rosuvastatin 10–20 mg. According to current guideline and the standards in SAMMPRIS study, optimal medical management with aggressive control of the risk factors will be provided to all patients, such as proper application of antiplatelet, antihypertensive, and antidiabetic drugs. HR-vwMRI will be performed at baseline and at 6th and 12th month after recruitment. Blood test will be conducted at baseline and at 1st, 3rd, 6th, and 12th month after recruitment. National Institute of Health Stroke Scale (NIHSS), modified Rankin Scale (mRS), Barthel index, Mini-Mental State Examination (MMSE), and Montreal Cognitive Assessment (MoCA) will be evaluated at baseline and at 3rd, 6th, and 12th month post-recruitment. This study was approved by the ethics board of the first affiliated hospital of Nanjing Medical University. Written informed consents will be obtained. The flow chart of this study is shown in Figure 1.



TABLE 1 Inclusion criteria.
[image: Table1]



TABLE 2 Exclusion criteria.
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FIGURE 1
 Schematic of the study design and treatment schedule. Statin, including rosuvastatin 10–20 mg or atorvastatin 20–80 mg, will be administered in both arms for 12 months. All patients will receive optimal medical management with aggressive control of the risk factors (e.g., appropriate use of antiplatelet, antihypertensive, and antidiabetic drugs). Patients in the intervention arm will receive an additional treatment of evolocumab 150 mg subcutaneously every 2 weeks for 12 months. All patients will undergo high resolution vessel wall magnetic resonance imaging (HR-vwMRI) at recruitment and after 6 and 12 months. Blood tests will be performed at baseline and at 1, 3, 6, and 12 months after recruitment. Rating scales, including NIHSS, Barthel index, modified Rankin Scale, MoCA, and MMSE, will be used to assess neurological functions and cognitive functions at baseline and at the 3rd, 6th, and 12th months after recruitment.




2.2 Clinical data

We will collect demographic information, vascular risk factors, and blood test results. Vascular risk factors include smoking, hypertension, diabetes, hyperlipidemia, coronary artery disease and previous ischemic stroke. Blood test data include low-density lipoprotein (LDL), high-density lipoprotein (HDL), total cholesterol, triglyceride, urea nitrogen, serum creatinine, aspartate transaminase (AST) or alanine transaminase (ALT), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), interleukin 6 (IL6), procalcitonin, glycosylated hemoglobin, D-dimmer and fibrinogen (FIB), and blood routine examination.



2.3 HR-vwMRI protocol

All images were performed using a 3.0 T magnetic resonance (MR) (Magnetom Verio or Skyra, Siemens, Erlangen, Germany) equipped with a 32-channel or a 20-channel head-matrix coil. The detailed protocol has been described before (7). Briefly, this HR-vwMRI includes sequences as below: three-dimensional time-of-flight MR angiography (3D TOF-MRA), axial DWI (diffusion weighted imaging), 3D T1-weighted SPACE (sampling perfection with application optimized contrast using different angle evolutions), two-dimensional black blood (2D-BB) T2WI, dynamic susceptibility contrast-perfusion weighted imaging (DSC-PWI) conducted with a gradient echo planar sequence using of a bolus of 0.1 mmol/kg contrast agent (gadodiamide, GE Healthcare, Cork, Ireland). In addition, contrast-enhanced 3D T1-weighted SPACE will be acquired with an around 5-min delay time after contrast administration. It takes approximately 25 min to complete all sequences above.



2.4 Image analysis

Two neuroradiologists will independently analyze HR-MRI images on commercially available software (Carestream Vue PACS v12.1, Carestream Health), and they were blinded to all clinical information. A senior neuroradiologist will give a further review on images with uncertainty grading to reach a consensus.

The characteristics of the plaque, such as stenosis degree, enhancement, the presence of T1 hyperintensity, remodeling index, plaque burden, and the distribution of the plaque, will be assessed. The detailed imaging analysis on HR-vwMRI has been described before (7). Briefly: (1) degree of stenosis = (1 − Dplaque/Dreference) × 100%, where Dplaque means the diameter of the stenotic artery at the most stenotic site, and Dreference is the diameter of the normal artery proximal to the plaque; (2) grading of plaque enhancement: grade 0 means enhancement is similar to or less than that of normal-appearing intracranial arterial walls in the same subject; grade 1, enhancement is greater than that of grade 0 but less than that of the pituitary infundibulum; and grade 2, enhancement is similar to or greater than that of the infundibulum (8); (3) plaque enhancement ratio (ER): neuroradiologists will draw circular region of interest (ROI) within the plaque on pre-contrast and post-contrast T1-weighted SPACE images, respectively. The mean signal intensity (SI) of plaques will be acquired. ER = (SIpost − SIpre)/SIpre × 100% (9); (4) remodeling index (RI): the outer wall area (OWA) is manually contoured at the most stenotic site (OWAplaque) and the reference site (OWAreference) on T1-weighted SPACE. RI = OWAplaque/OWAreference × 100%. Arterial remodeling is classified as positive if RI >1.05, intermediate if 0.95 ≤ RI ≤ 1.05, and negative if RI <0.95 (10); (5) plaque burden (PB): lumen area (LA) is manually contoured at the most stenotic site (LAplaque) on T1-weighted SPACE. PB = (1 − LAplaque/OWAplauqe) × 100% (11, 12); (6) presence of T1 hyperintensity: the brightest spot of the plaque whose SI is >150% of that of the reference vessel wall on pre-contrast T1 image (13); (7) plaque distribution: a concentric plaque is defined if the wall involvement is at least 75%, and the minimum wall thickness is bigger than 50% of the maximum wall thickness.

For patients experiencing an acute ischemic stroke within the middle cerebral artery (MCA) territory, infarct patterns on DWI will be categorized into four types: internal borderzone, cortical borderzone, core MCA and perforator (14). For infarction lesion that crossed these territories, the territory which is predominantly involved is chosen. DSC-PWI is derived through the application of the singular value decomposition deconvolution technique, facilitated by the software NeuBrainCARE (v1.1.10). The arterial input function is determined automatically, taken from the MCA on the opposite side. Hypoperfusion volume is automatically calculated using time to maximum (Tmax) with time thresholds of >4 s and >6 s, respectively.



2.5 Neurological function and cognitive function

At baseline and then after 3, 6, and 12 months, we will evaluate NIHSS for neurological deficits, Barthel index for activities of daily living, mRS for the degree of disability in daily activities, MMSE, and MoCA for cognitive functions.




3 Results


3.1 Study outcomes

Primary endpoints:

1) Changes in plaque enhancement.

A reduction of ≥ 1 grading in plaque enhancement after 12 months’ treatment was regarded as relief of plaque enhancement. For example, a patient’s plaque enhancement reduces to grade 1 or even 0 after 12 months’ treatment, compared to grade 2 at the time of enrollment.

2) Changes in degree of stenosis.

3) Changes in plaque enhancement ratio.

4) Changes in plaque burden.

5) Changes in hypoperfusion volume.

6) T1 hyperintensity.

We define three types of T1 hyperintensity changes at 12 month after recruitment: type A, no changes before and after treatment; type B, disappearance of T1 heperintensity; type C, new T1 hyperintensity.

7) Changes in remodeling index (RI) of the plaque.

Secondary endpoints:

1) Recurrent stroke (ischemic or hemorrhagic) or death during follow-up.

2) Changes in LDL-cholesterol levels.

3) Changes in NIHSS/Barthel index/mRS score.

4) Changes in MoCA/MMSE score.

All changes above before and after treatment in each arm will be calculated and compared between arms.



3.2 Adverse events

We shall document any adverse events that happen throughout the trial ensuring that patients receive prompt medical attention at our facilities or at local hospitals. Interim analyses are conducted to facilitate decisions on either halting or proceeding with the trial based on the data that has been accumulated.



3.3 Statistical analysis

Appropriate statistical methods, such as Fisher’s exact test or Pearson’s chi-squared test, will be employed for the analysis of categorical data. Continuous variables will be compared by an independent samples Student’s t-test or Mann–Whitney U-test, as appropriate. We will present the cumulative incidence of stroke or mortality over a 12-month maximum follow-up period using Kaplan–Meier analysis, and we will determine the hazard ratios along with their 95% confidence intervals through the application of Cox proportional hazards modeling and the log-rank test to assess the efficacy of the treatment. Statistical significance is defined as a p value of < 0.05.




4 Discussion

This prospective, randomized, open-label, blinded end-point study seeks to investigate the impact of evolocumab plus statin on ICAS. We hypothesize that evolocumab added to statin therapy (EAST) will demonstrate greater efficacy in stabilizing intracranial plaques, as assessed by HR-vwMRI, when compared to the arm of statin alone without evolocumab. Multiple plaque features (enhancement, plaque burden, degree of stenosis, remodeling index, T1 hyperintensity) and hemodynamic markers (hypoperfusion volume defined by Tmax) will be compared between patients with and without evolocumab. Additionally, we will also document and compare neurological function, cognitive performance, blood parameters levels, and the incidence of recurrent stroke between arms.

Nowadays, the treatment of ICAS is mainly composed of antiplatelet therapy, lipid-lowering strategies, the modification of risk factors and interventional procedures (15). Statins are the preferred treatment option for lowering LDL-C (16). It has been observed that intensive statin therapy can stabilize symptomatic intracranial atherosclerotic plaques, as evidenced by a reduction in enhancement and stenosis on sequential HR-MRI assessments. In addition, greater reductions in LDL levels are associated with a more pronounced decrease in plaque enhancement (17). However, more than a third of these patients demonstrated either no improvement or a worsening of plaque enhancement and stenosis after high-dose statin therapy, suggesting a lack of or minimal responsiveness to statins (17). This is consistent with earlier findings regarding the progression of ICAS in patients treated with statins (3, 18). Meanwhile, there is an association between high-intensity statin therapy and increased side effects, including myalgia and liver dysfunction, which can result in inadequate treatment adherence. Endovascular treatments such as stenting may be a promising treatment method for ICAS. Nevertheless, the CASSISS study found that there was no significant difference between stenting combined with drug therapy and drug therapy alone in preventing stroke or death (19). As a member of PCSK9 inhibitor family, evolocumab significantly reduces LDL cholesterol levels, and associated with greater plaque regression and stabilization by optical coherence tomography measures of plaque composition (20), reducing the risk of cardiovascular events (6). Therefore, it is plausible that evolocumab added to statin therapy (EAST) could also stabilize intracranial plaques in stroke/TIA patients with ICAS.

In this study, symptomatic ICAS patients will be randomized into the arm of evolocumab plus statin or the arm of statin alone. The evolution of these plaques will be monitored through sequential HR-vwMRI scans at 6-months and 12-months after enrollment. Future multicenter studies with a large sample size are needed to further investigate the efficacy of this “EAST” strategy in symptomatic ICAS.



5 Strengths and limitations of this study

This is one of the pioneering studies to evaluate the impact of a PCSK9 inhibitor on plaque evolution in patients with symptomatic ICAS, extending beyond the scope of conventional medical therapy. This study, characterized by its prospective, randomized, open-label, and blinded end-point design, facilitates patient recruitment and keeps costs low. Considering the limited sample size and single-center recruitment, the findings of this study should be applied with caution, and there is a need for future large-scale, multi-center studies to validate the results.
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