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Abstract

Background: Proprotein convertase subtilisin/kexin type 9 inhibitor, 
evolocumab, has been demonstrated to produce significantly greater reduction 
in LDL cholesterol levels and cardiovascular events than standard statin 
therapy in patients with coronary artery disease. Whereas, effect on fibrous-
cup thickness or extension of the atherosclerotic plaque with early therapy with 
PCSK9-inhibitor within 1-week after onset of Acute Coronary Syndrome (ACS) 
has never been reported.

Methods: Patients were non-randomly allocated to either the early 
evolocumab group (received evolocumab 140 mg every 2 weeks within 
1-week after onset of ACS) or the late evolocumab group (from 4-week after 
onset of ACS). Optical Coherence Tomography (OCT) was performed to 
assess intermediate, non-culprit lesions just 4 and 36 weeks after emergent 
percutaneous coronary intervention.

Results: The decrease in Low-Density Lipoprotein Cholesterol (LDL-C) was 
greater in the early than in the late group between baseline and 4-week follow-
up (reduction rate: -69.4% vs. -32.5%). However, the percentage of decrease 
in LDL-C was comparable in the two groups between baseline and 36-week 
follow-up. OCT analysis revealed that the increase in fibrous-cap thickness was 
greater in the early than in the late group between baseline and 4-week follow-
up (early evolocumabgroup: +32µm, late evolocumab group: +18um). However, 
the percentage of increase in fibrous-cap thickness increased comparably in the 
2 groups between baseline and 36-week follow-up.

Conclusions: Evolocumab therapy in the very early phase produced 
incremental growth in fibrous-cap thickness, which was associated with greater 
reduction of LDL-C even in the short term in the early phase of ACS compared 
to the late evolocumab group.

Keywords: Evolocumab; Optical coherence tomography; Fibrous cap 
thickness; Plaque stabilization

Abbreviations
LDL-C: Low-Density Lipoprotein Cholesterol; ACS: Acute 

Coronary Syndrome; IVUS: Intravascular Ultrasound; OCT: Optical 
Coherence Tomography; PCSK9: Proprotein Convertase Subtilisin/
Kexin Type 9; PCI: Percutaneously Coronary Intervention; STEMI: 
ST-segment Elevation Myocardial Infarction; NSTEMI: Non-ST-
Segment Elevation Myocardial Infarction; TCFA: Thin-Cap Fibro 
Atheroma

Introduction
Several large-scale, multicenter, randomized trials have shown 

the importance of Low-Density Lipoprotein Cholesterol (LDL-C) 
regulation with 3-hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors, statins, on the risk of cardiovascular events or death [1,2].

Previous clinical trials have shown that although patients 
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experience the highest risk of death and recurrent is chaemic events 
in the early Post-Acute Coronary Syndrome (ACS) period, these early 
events can be reduced by early onset of statin therapy [3,4].

The imaging studies using grayscale Intravascular Ultrasound 
(IVUS) have reported that statin therapy results in major suppression 
[5], or even regression, of Atheroma volume in the atherosclerotic 
coronary arteries [6]. However the grayscale IVUS is appropriate 
for plaque volume evaluation, it does not have the spatial resolution 
to accurately measure the thickness of the fibrous cap. Unlike other 
imaging modalities, intravascular Optical Coherence Tomography 
(OCT) is a high-resolution imaging technique for plaque 
characterization. OCT can evaluate the measurement of fibrous-
cap thickness, thought to be a major factor in plaque vulnerability 
[7]. Previous study demonstrated that more potent lipid-lowering 
therapy by statin in patients induces significant plaque regression 
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and, by decreasing plaque lipid content and increasing plaque fibrous 
cap thickness, induces plaque stabilization [8]. Besides, the fibrous-
cap thickness was demonstrated to be increased by the aggressive 
ipid-lowering therapy with statin after acute myocardial infarction 
[9]. However, in a high CV risk population in a routine care setting in 
Japan, a previous study reported that guideline recommended LDL-C 
goal attainment was low. In addition, physicians should emphasize 
the need for more potent lipid-lowering therapy in this population 
[10].

Therefore, a beneficial increase in fibrous-cap thickness after 
statin treatment may be established to translate into substantial 
decreases in clinical events as a benchmark for future investigational 
agents that target plaque instability.

Then evolocumab, a fully human monoclonal antibody that 
inhibits Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) 
from binding to LDL receptors on the liver surface, significantly have 
emerged as a novel treatment option for effectively lowering LDL-C 
levels by approximately 60% [11]. Further research data reported 
that PCSK9 might also accelerate atherosclerosis by promoting 
inflammation, endothelial dysfunction, and hypertension by 
mechanisms beyond degradation of hepatic LDL receptors [12,13]. 

In the Global Assessment of plaque regression with a PCSK9 
antibody as measured by an intravascular ultrasound (GLAGOV) 
trial, among patients with angiographic coronary disease treated with 
statins, addition of evolocumab, compared with placebo, resulted in 
a greater decrease in percent atheroma volume [14]. Additionally, 
recent randomized multicenter trials clearly demonstrated that use 
of a PCSK9 inhibitor was associated with a significantly reduced 
incidence of adverse clinical events in patients with high-risk stable 
coronary artery disease [15] or ACS [16]. Recently, we reported that 
adding the PCSK9-inhibitor evolocumab to statin therapy might 
produce incremental growth in fibrous cap thickness and regression 
of the lipid-rich plaque after ACS [17]. However, as mentioned above, 
the risk of death and recurrent ischaemic events in ACS patients is 
highest in the early post-onset period. Then it is still unclear whether 
the timing of the introduction of evolocumab will have an effect 
on plaque regression. In particular, the effect of very early PCSK9-
inhibitor evolocumab therapy on plaque vulnerability in patients 
with ACS remains unknown compared to the late evolocumab group. 
Because of that, the aim of the present study was to assess the effect 
of very early PCSK9 inhibitor evolocumab therapy on fibrous-cap 
thickness in coronary atherosclerotic plaques of patients with ACS 
by using OCT.

Materials and Methods
Study patients and design

This study was a retrospective, non-randomized, observational, 
two centers (Dokkyo Medical University Hospital and Gunma 
Prefectural Cardiovascular Center) study. From March 2017 to 
2021 Apr, June, all consecutive patients with multivessel disease 
who had untreated dyslipidemia (defined as serum LDL-C level 
>100mg/dL) and received emergent Percutaneously Coronary 
Intervention (PCI) after ACS and OCT imaging were evaluated. 
Of these, data from 56 patients using OCT to compare the effect of 
PCSK9 inhibitor evolocumab therapy on fibrous-cap thickness in 

coronary atherosclerotic plaque between an early evolocumaband 
late evolocumab groups were extracted. All patients were treated 
with rosuvastatin 5mg once daily from baseline (within 24h after the 
OCT examination) for aggressive lipid-lowering therapy, which is a 
secondary prevention of ACS. Patients in the early evolocumab group 
received evolocumab (140mg every 2 weeks) within 1 week after 
onset of ACS, whereas patients in the late evolocumab group received 
evolocumab (140mg every 2 weeks) from 4 weeks after baseline.

After receiving informed consent, we performed staged PCI 
for the residual lesion 4 weeks after emergent PCI and conducted 
follow-up coronary angiography 36 weeks thereafter. The follow-up 
target lesions of the OCT analysis were de novo, intermediate, and 
nonculpritcoronary lesion in patients with ACS. Five patients were 
excluded (one patient refused, and four patients failed OCT analysis), 
and the remaining 51 patients were fully examined in this study 
(Figure 1). 

In this study, ACS is defined as ST-Segment Elevation 
Myocardialinfarction (STEMI), Non-ST-Segment Elevation 
Myocardial Infarction (NSTEMI), or unstable angina. The follow-up 
target lesion of the OCT analysis had a diameter stenos is percentage 
of 30% - 70% by visual estimation on angiogram. If more than two 
de novo, intermediate, or non-culprit lesions were recognized, the 
most severely stenotic lesion was selected as the target lesion in the 
OCT analysis. The target lesion could be in both the PCI-treated 
and non-PCI-treated coronary arteries, where the target lesion was 
>10mm apart. Exclusion criteria included left main trunk lesions, 
cardiogenic shock, recommended coronary artery bypass grafting, 
severechronic kidney disease, unsuccessful PCI, and current use of 
any lipid-lowering therapy.

OCT image protocol and analysis
OCT was performed using the ILUMIEN OCT imaging system 

(Abbott Vascular, Santa Clara, CA, USA) with a motorized pull-
back system at 20mm/s and a rotation speed of 100frames/s, using 
a non-occlusive technique. The OCT images were digitally stored for 
offline analysis. The OCT images were obtained and reviewed side 
by side at baseline, 4-week follow-up, and 36-week follow-up. Target 
lesions between baseline and follow-up OCT were matched based on 
their distances from landmarks, such as branches and calcifications. 
Independent, experienced OCT investigators, blinded to the patient 
groups, measured fibrous-cap thickness using a dedicated offline 
review system (St. Jude Medical Inc., St. Paul, MN, USA) at the 
laboratory. The calibration was adjusted before the OCT analysis. 
The minimum lumen area in each target lesion was determined 
using an automated measurement algorithm and additional manual 
corrections. The plaque tissue was characterized using previously 
validated criteria [18]. The fibrous cap was identified as a lesion with 
high back scattering and a relatively homogeneous OCT signal. The 
lipid or necrotic core was identified as a signal-poor region with 
poorly delineated borders, little or no signal backscattering, and an 
overlying signal-rich layer, the fibrous cap. The minimum fibrous 
cap thickness was calculated using a previously reported method 
[19]. In brief, the fibrous cap thickness of each lipid-rich plaque was 
measured, first at 1mm intervals over the lipid plaque then three times 
at its thinnest part at each cross-section, and the average value was 
calculated. Minimum fibrous cap thickness was determined as the 
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smallest fibrous cap thickness in the three candidate frames selected 
by manual screening (Figure 2). The maximum lipid arc was defined 
as the largest lipid arc from the center of the lumen in the three 
candidate frames selected by visual screening (Figure 2). Although 
the fluctuation by the OCT catheter position could be influenced by 
the largest lipid arc, a frame was selected to be as similar as possible 
to the side branch and the lesion morphology, and the center of the 
lumen was determined to measure the largest lipid arc. Lipid length 
was calculated from the number of frames with lipid cores.

We also performed macrophage semi-quantification on the 
same OCT cross-sections used for qualitative plaque assessment, 
according to the OCT macrophage grading system, to semi-quantify 
the bright spots based on axial and circumferential distribution, as 
follows: Grade 0, no macrophage; grade 1, localized macrophage 
accumulation; grade 2, clustered accumulation <1 quadrant; grade 3, 
clustered accumulation ≥1 quadrant and <3 quadrants; and grade 4, 
clustered accumulation ≥3 [20] as shown in (Figure S1).

The study complied with the ethical principles of the Helsinki 
Declaration.

Statistical analysis
All calculated data are expressed as mean ± SD. One-way repeated 

analysis of variance, which was subsequently subjected to a post-
hoc analysis (Scheffe’s test) for multiple comparisons, was used to 
determine the statistical significance of differences. The chi-squared 
test was used to analyze categorical variables with percentages. 
Statistical analysis was conducted using a commercially available 
statistical software program (JMP 13, SAS Institute, Cary, NC, USA). 
Statistical significance was set at p< 0.05.

Results
Baseline characteristics

51 patients were classified into two groups according to the early 
evolocumab group (n=25) or the late evolocumab group (n=26), as 
shown in (Figure 1 and Table 1). Contains patient and angiographic 
characteristics, medication, procedural, and lesion characteristics. 
The 2 groups were well matched at baseline, and their pattern of 
use of concomitant medications was comparable. Approximately 
65% of them were STEMI cases, and all the participants were 
prescribed antiplatelet therapy just before PCI. At baseline, the 
serum total cholesterol, LDL-C, high-density lipoprotein cholesterol, 
triglyceride, and hemoglobin A1c did not differ between the groups 
(Table 2). At week 4 and 36, the serum LDL cholesterol levels were 
significantly decreased in both groups compared with baseline. At the 
4-week follow-up, the percentage of decrease in serum LDL-C was 
significantly greater (reduction rate: -67.0% vs. -32.9%, respectively, 
p<0.001) and serum LDL-C level was significantly lower (39.8mg/dl 
vs. 82.6mg/dl, p<0.001) in the early evolocumab group as opposed to 
the late evolocumab group (Figure 3 and Table 2). The serum LDL-C 
level at 36-week follow-up and the percentage of decrease in serum 
LDL-C levels between baseline and 36-week follow-up were similar in 
the 2 groups (reduction rate: -74.8% vs. -74.5%, respectively, p=0.740) 
(Figure 3 and Table 2).

Serial change of OCT findings
Table 3 summarizes the OCT measurements. Figure 4 shows the 

percentage of changes in OCT measurements during follow-up. The 
minimum fibrous cap thickness, maximum lipid arc, lipid length, 
and macrophage grade did not differ between the groups at baseline. 

Figure 1: Study flowchart.
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The minimum fibrous cap thickness in both groups significantly 
increased from baseline to the 4-week follow-up (early evolocumab 
group: +32µm, late evolocumab group: +18um), and to 36-week 
follow-up (earalyevolocumab group: +73um, late evolocumab 
group: +77um). The percentage of increase in fibrous cap thickness 
was significantly greater in the earalyevolocumab group between 
baseline and 4-week follow-up (Figure 4a). However, the percentage 
of increase in minimum fibrous-cap thickness between baseline and 
36-week follow-up was similar in the two groups, as shown in Figure 
4b. The maximum lipid arc and macrophage grade in both groups 
significantly reduced from baseline to 4-week-or 36-week follow-up 
(lipid arc; early evolocumab group: -32°, late evolocumab group: -34°, 
macrophage grade: Early evolocumab group: -5.2, late evolocumab 
group, -4.9). The percentage change in the maximum lipid arc and 
macrophage grade between baseline and 4-week follow-up was 
significantly greater in the early evolocumab group than in the late 
evolocumab group (Figure 4a). However, the percentage of decrease 
in the maximum lipid arc and macrophage grade between baseline 

and 36-week follow-up was similar in the two groups, as shown in 
(Figure 4b).

Major adverse cardiac events
No patients experienced major adverse cardiac events, such as 

target vessel revascularization, cardiac death, nonfatal myocardial 
infarction, and ST elevation myocardial infarction/non-ST elevation 
myocardial infarction for 36 weeks after primary PCI or during OCT 
examination in this study.

Discussion
The principal findings of the present study were as follows: 1) 

between baseline and 4-week follow-up, the percentage of decrease 
in serum LDL-C was significantly greater and serum LDL-C level 
was significantly lower in the early evolocumab group than in the 
late evolocumab group; 2) between baseline and 4-week follow-up, 
the percentage of increase in minimum fibrous-cap thickness was 
significantly greater in the early evolocumab group than in the late 

Early evolocumab group N = 25 Late evolocumab group N = 26 P value

Age, year 64.2 ± 6.4 65.1 ± 5.0 0.198

Male 19 (76.0%) 20 (76.9%) 0.551

Body Mass Index, (kg/m2) 24.4 ± 4.0 24.2 ± 4.6 0.678

Hypertension, (%) 18 (72.0%) 19 (73.1%) 0.407

Diabetes mellitus, (%) 12 (48.0%) 13 (50.0%) 0.361

Estimated Glomerular Filtration Rate (GFR) <60, (%) 10 (40.0%) 9 (34.6%) 0.194

Current smoker, (%) 12 (48.0%) 11 (42.3%) 0.308

Ejection fraction, (%) 49.8 ± 10.1 50.4 ± 7.8 0.243

STEMI / NSTEMI / uAP (n) 16/4/2005 17/04/2005 0.643

The medications just before PCI

ACEI/ARB (n) 15 (60.0%) 16 (61.5%) 0.147

Calcium channel blockers (n) 8 (32.0%) 8 (30.8%) 0.169

Beta blockers (n) 3 (12.0%) 4 (15.4%) 0.128

Nicolandil (n) 2 (8.0%) 2 (7.7%) 0.654

DAPT (n) 25 (100%) 26 (100%) 1

Target lesion

LMT 0 0 -

LAD 10 (40.0%) 10 (38.4%) 0.452

LCX 4 (16.0%) 3 (11.5%) 0.18

RCA 11 (44.0%) 13 (50.0%) 0.21

Location of target plaque

Culprit vessel 4 (16.0%) 3 (11.5%) 0.322

Non-culprit vessel 21 (84.0%) 23 (88.5%) 0.401

Mean reference diameter (mm) 2.77 ± 0.26 2.73 ± 0.30 0.293

Lesion length (mm) 13.39 ± 3.26 12.77 ± 4.2 0.256

Minimum lumen diameter (mm) 1.61 ± 0.27 1.65 ± 0.33 0.203

Percent stenosis diameter (%) 46.64 ± 13.02 47.99 ± 13.37 0.409

Table 1: Baseline patient and lesion characteristics in the statin monotherapy and evolocumab groups.

Data are expressed as numbers (%) or mean ± SD.
STEMI: ST-Elevation Myocardial Infarction; NSTEMI: Non-ST Elevation Myocardial Infarction; uAP: Unstable Angina Pectoris; ACEI: Angiotensin-Converting Enzyme 
Inhibitor; ARB: Angiotensin Receptor Blocker; DAPT: Dual Antiplatelet Therapy; RCA: Right Coronary Artery; LAD: Left Anterior Descending Artery; LCx: Left Circumflex 
Artery; ACC/AHA: American College of Cardiology/ American Heart Association.
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evolocumab group; and 3) between baseline and 36-week follow-up, 
fibrous-cap thickness increased comparably in the early evolocumab 
group and the late evolocumab group.

Nonculprit lesions in patients with ACS have more vulnerable 
plaque characteristics compared with those with non-ACS [21]. These 
vulnerable plaque is easy to occur secondary coronary events in the 

weeks and months after the onset of ACS [3,4,22].Thus the present 
study suggested that early therapy with a PCSK9-inhibitor might 
have a salutary effect for reducing plaque vulnerability in patients 
with ACS.

 Fibrous cap thickness is a major factor in plaque vulnerability 
[23-25]. The accumulated macrophage abundant in Atheroma can 

Baseline 4-week follow-up 36-week follow-up
Early evolocumab 

group N = 25
Late evolocumab 

group N = 26
P 

value
Early evolocumab 

group N = 25
Late evolocumab 

group N = 26
P 

value
Early evolocumab 

group N = 25
Late evolocumab 

group N = 26
P 

value
TC, mg/dL 193.6 ± 30.8 197.5 ± 33.0 0.504 124.4 ± 22.5* 156.0 ± 26.3* <0.001 115.0 ± 23.0* 112.7 ± 24.8* 0.799

LDL-C, 
mg/dL 120.6 ± 20.7 123.1 ± 21.8 0.606 39.8 ± 12.5* 82.6 ± 14.6* <0.001 30.4 ± 12.8* 31.3 ± 11.1* 0.69

HDL-C, 
mg/dL 44.0 ± 13.7 46.1 ± 14.4 0.187 47.6 ± 13.6 42.1 ± 14.3* 0.091 49.7 ± 13.8* 49.9 ± 14.0* 0.308

TG, mg/
dL 107.3 ± 40.3 109.8 ± 43.4 0.609 104.3 ± 43.9 105.7 ± 42.9 0.714 100.1 ± 47.8 102.8 ± 46.9 0.67

HbA1c, % 6.0 ± 0.4 6.1 ± 0.5 0.705 5.8 ± 0.3 6.0 ± 0.6 0.505 5.7 ± 0.7 5.9 ± 0.8 0.54

Table 2: Blood Sample Data.

*P< 0.05 vs. baseline.
TC: Total Cholesterol; TG: Triglyceride; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; HbA1c: Hemoglobin A1c.

Figure 2: Representative optical coherence tomography images of (A) fibrous cap and (B) lipid arc.

Figure 3: Low-Density Lipoprotein (LDL) cholesterol levels over time.
The absolute and percentage reductions in LDL cholesterol level in the early evolocumab group are compared to those in the late evolocumabgroup.
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Baseline 4-week follow-up 36-week follow-up
Early evolocumab 

group N = 25
Late evolocumab 

group N = 26
P 

value
Early evolocumab 

group N = 25
Late evolocumab 

group N = 26
P 

value
Early evolocumab 

group N = 25
Late evolocumab 

group N = 26
P 

value
Minimum fibrous-
cap thickness, µm 122.8 ± 31.0 120.9 ± 37.6 0.44 155.0± 31.7* 139.1± 29.3* 0.01 195.5 ± 33.8*+ 197.7 ± 31.7*+ 0.256

Lipid arc, degree 130.4 ± 35.7 134.5 ± 40.5 0.273 115.0 ± 40.9* 126.0 ± 37.2* 0.006 98.8 ± 39.7*+ 100.1 ± 36.3*+ 0.543

Lipid length, mm 8.8 ± 2.5 8.6 ± 2.7 0.605 8.3 ± 2.3 8.4 ± 2.1 0.243 8.2 ± 2.3* 8.1 ± 2.0* 0.618

Macrophage grade 12.2 ± 2.3 12.0 ± 2.5 0.618 9.1 ± 2.0* 10.2 ± 2.4* 0.022 7.0 ± 2.3*+ 7.1 ± 1.9*+ 0.412

Table 3: OCT Measurements.

*P < 0.05 vs. baseline. +P < 0.05 vs. 4-week follow-up.

Figure 4a: Percentage of change in optical coherence tomography 
measurements between baseline and 4-week follow-up. Between baseline 
and 4-week follow-up.
Percentages of change in fibrous cap thickness, lipid arc, and macrophage 
grade were significantly greater in the early evolocumab group than in the 
late evolocumab. The percentage of change in lipid length was similar in both 
groups.

Figure 4b: The percentage of change in minimum fibrous-cap thickness, 
lipid arc, macrophage grade, and lipid length between baseline and 36-week 
follow-up.

produce proteolytic enzymes (matrix metalloproteinase) capable of 
degrading the collagen that lends strength to the plaque’s protective 
fibrous cap, rendering that cap thin, weak, and susceptible to 
rupture [26,27]. The intense matrix degradation may progressively 
drive the evolution of an early small Atheroma to a high-risk thin-
capped Atheroma [21,28]. In this our analysis, increased fibrous 
cap thickness and decreased macrophage accumulation grade in 
the early phase (4-week follow-up) after ACS were greater with the 
early evolocumab treatment than with the late evolocumab treatment 
in this study. Therefore, the reduction of matrix metalloproteinase 
release, combined with decreased accumulation of macrophages, 

might induce fibrous cap thickening with early evolocumab 
treatment. Previous studies using OCT reported that even statin 
therapy alone led to a greater increase of fibrous cap thickness in 
coronary atherosclerotic plaque [8,9,19]. Then, in this study, adding 
the PCSK9-inhibitor evolocumab to statin therapy on the ultra-early 
stage showed a more potent effect on increasing fibrous cap thickness 
in patients with ACS. Recently, the ESCORT (Effect of Early Pitava 
Statin Therapy on Coronary Fibrous-cap Thickness assessed by 
Fourier-Domain Optical Coherence Tomography) study in patients 
with ACS demonstrated that the effect of early statin therapy 
provided a significant increase in fibrous-cap thickness in coronary 
plaques [22]. In this trial, pitavastatin 4mg/day (within 24h after the 
primary PCI) for 3 weeks provided a significant increase in fibrous-
cap thickness in coronary plaques, while fibrous-cap thickness 
decreased during the first 3 weeks without pitavastatin. Subsequently, 
the present our OCT study demonstrated that the percentage of 
increase in fibrous cap thickness was significantly greater in the 
earalyevolocumab group between baseline and 4-week follow-up 
compared with the late evolocumab group. The beneficial effects of 
early PCSK9-inhibitor on coronary plaques might be expected in a 
short time as well as early statin therapy. Early initiation of adding 
the PCSK9-inhibitor evolocumab to statin therapy might further 
reduce the early secondary coronary events. Our data suggested the 
effectiveness of early evolocumab therapy in patients with ACS.

In addition, in the ASTEROID trial, very high-intensity statin 
therapy using rosuvastatin 40mg/dl achieved an average LDL-C of 
60.8mg/dL, resulting in significant regression of atherosclerosis for 
all three pre-specified IVUS measures of disease burden [6]. This 
trial proposed that treatment of LDL-C levels below the currently 
accepted guidelines can regress atherosclerosis in patients with 
coronary disease. Subsequently, a number of studies have reported 
significant plaque regression induced by intensive lipid-lowering 
therapy [29,30]. In general, lipid-rich fibroatheromas can grow 
eccentrically to become very large plaques without obstructing 
the vessel lumen. These nonobstructive, positively remodeled, 
advanced plaques are completely silent on traditional stress testing 
and coronary angiography but portend an imminent risk of plaque 
rupture [31]. Previous animal experimentation demonstrated that 
the absence of PCSK9 protects both wild-type and apolipoprotein 
E-deficient mice from atherosclerosis, whereas it’s over expression 
is proatherogenic. Furthermore, this study suggested that PCSK9 
modulates atherosclerosis mainly via the LDL receptor [32].

Next, regarding lipid arc and lipid length, the lipid rich plaques 
of longer lipid lengths, wider lipid arcs, and higher degrees of stenos 
is by OCT were at particularly high risk for future nonculprit lesion-
related cardiac events [33]. We previously reported that the lipid 
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Figure 5: Representative OCT imaging in the early evolocumab group.
Fibrous-cap thickness (white arrows) increased between baseline (65 μm) and 36-week follow-up (185 μm). 
Lipid arc (red arrows) decreased during the follow-up period.
※Intermediate stenos is (mid portion of the left anterior descending artery), †Side branch.
OCT: Optical Coherence Tomography.

arc was narrower and the lipid length was shorter in the statin plus 
PCSK9-inhibitor evolocumab group than in the statin alone group at 
the 12-week follow-up [17]. According to these results, including our 
present OCT analysis, the PCSK9-inhibitor evolocumab prevented 
the lipid-rich plaque progression by causing a narrower lipid arc and a 
shorter lipid length, indicating a reduced extension of atherosclerotic 
plaque with improved plaque morphology. Moreover, we considered 
that early therapy with PCSK9-inhibitor is desirable at the earliest 
possible date. In addition, the sub-analysis of FOURIER trial found 
that among patients with prior MI, those with a more recent MI, 
multiple prior MIs, or residual multivessel coronary artery disease 
were at higher risk of cardiovascular events and tended to experience 
greater and earlier cardiovascular risk reduction from LDL-C 
lowering with evolocumab [34]. There also tended to be greater 
relative risk reductions in cardiovascular outcomes with evolocumab 
in these high-risk subgroups. Therefore, we expect that very early 
PCSK9-inhibitor evolocumab therapy in Japanese patients with ACS 
induces significant plaque regression and, by decreasing plaque lipid 
content and increasing plaque fibrous cap thickness, induces plaque 
stabilization.

Study Limitations
There are potential limitations to our data. First, the major 

limitations of this study are the relatively small number of patients 
and the short interval duration for follow-up OCT. Second, patients 
were non-randomly and retrospectively selected in the two centers, so 
selection bias may have influenced our results. Third, rosuvastatin 5 
mg/day is classified as mild-intensity therapy in the USA and Europe. 
Rosuvastatin 5mg/day is, however, the approved starting dose for 
aggressive lipid-lowering therapy in Japanese patients [35], who have 
lower body weights than Caucasians. Fourth, it was reported that 
OCT was not optimal for detecting Thin-Cap Fibroatheroma (TCFA) 
since OCT diagnosis was a false positive when TCFA included 
an accumulation of foam cells, hemosiderin, microcalcifications, 
and thrombus on the luminal surface. Further studies are needed 
to elucidate the clinical implications of the changes in fibrous cap 
thickness measured by OCT. Thus, the combined use of OCT and 

IVUS might improve TCFA detection accuracy [36,37].

Conclusion
Among patients with ACS who cannot achieve LDL cholesterol 

targets despite standard lipid lowering therapy, the addition of 
evolocumab can not only provide a greater reduction of LDL-C 
even in the short term, but also have a favorable effect on improving 
incremental growth in fibrous-cap thickness and regression of the 
lipid-rich plaque. However, a much larger sample size would be 
useful to confirm this association in a future study.
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