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Abstract
Background Apabetalone is a selective bromodomain and extra-terminal (BET) inhibitor which modulates lipid and inflam-
matory pathways implicated in atherosclerosis. The impact of apabetalone on attenuated coronary atherosclerotic plaque 
(AP), a measure of vulnerability, is unknown.
Methods The ApoA-1 Synthesis Stimulation and intravascular Ultrasound for coronary atheroma Regression Evaluation 
(ASSURE; NCT01067820) study employed serial intravascular ultrasound (IVUS) measures of coronary atheroma in 281 
patients treated with apabetalone or placebo for 26 weeks. AP was measured at baseline and follow-up. Factors associated 
with changes in AP were investigated.
Results AP was observed in 31 patients (11%) [27 (13.0%) in the apabetalone group and four (5.5%) in the placebo group]. 
The apabetalone group demonstrated reductions in AP length by − 1 mm [interquartile range (IQR) − 4, 1] (p = 0.03), AP 
arc by − 37.0° (IQR − 59.2, 8.2) (p = 0.003) and the AP index by − 34.6 mm° (IQR − 52.6, 10.1) (p = 0.003) from baseline. 
The change in AP index correlated with on-treatment concentration of high-density lipoprotein (HDL) particles (r = − 0.52, 
p = 0.006), but not HDL cholesterol (r = − 0.11, p = 0.60) or apolipoprotein A-1 (r = − 0.16, p = 0.43). Multivariable analysis 
revealed that on-treatment concentrations of HDL particles (p = 0.03) and very low-density lipoprotein particles (p = 0.01) 
were independently associated with changes in AP index.
Conclusions Apabetalone favorably modulated ultrasonic measures of plaque vulnerability in the population studied, which 
may relate to an increase in HDL particle concentrations. The clinical implications are currently being investigated in the 
phase 3 major adverse cardiac event outcomes trial BETonMACE.
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Key Points 

Our findings indicate that apabetalone has a potential 
effect on vulnerable atherosclerotic plaque in the coro-
nary artery.

Reduced high-density lipoprotein (HDL) particles can be 
superior to HDL cholesterol and apolipoprotein A-1 as a 
marker of progression of high-risk plaque.

In addition, triglyceride-rich lipoprotein may be another 
important factor to predict the development of attenuated 
plaque.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40256-018-0298-8&domain=pdf
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1 Introduction

There remains a considerable residual risk of cardiovascular 
events despite widespread use of established medical thera-
pies. Raising high-density lipoprotein (HDL) cholesterol 
levels or activity have become potential therapeutic targets. 
Induction of endogenous synthesis of apolipoprotein A-1 
(apoA-1), the major protein carried on HDL particles, rep-
resents an attractive approach to lipid modification. A bro-
modomain and extra-terminal (BET) inhibitor, apabetalone, 
by transcriptional regulation increases endogenous synthesis 
of apoA-1, with early studies demonstrating favorable effects 
on HDL quantitative measures (HDL cholesterol, apoA-1, 
total and large HDL particles) [1], systemic cholesterol 
efflux capacity [2] and inflammatory factors implicated in 
atherosclerosis and plaque stability [3].

Attenuated coronary atherosclerotic plaque (AP) acquired 
from gray-scale intravascular ultrasound (IVUS) has been pro-
posed to identify vulnerable plaque, containing necrotic and 
lipid components that underscore destabilization of lesions 
and adverse cardiovascular events [4]. In a previous obser-
vational IVUS study examining 120 patients with coronary 
artery disease, lower HDL cholesterol levels were associated 
with a higher incidence of AP, which raises the concern that 
HDL-cholesterol–raising therapy may have favorable effects 
on atherosclerotic plaque instability in the coronary artery. 
Therefore, we hypothesized that apabetalone may modulate 
atherosclerotic plaque composition, especially IVUS-derived 
vulnerable plaque characteristics of AP. The ApoA-1 Synthesis 
Stimulation and Intravascular Ultrasound for Coronary Ather-
oma Regression Evaluation (ASSURE; NCT01067820) study 
evaluated the effect of apabetalone on atherosclerotic plaque 
burden in patients with coronary artery disease and dem-
onstrated a trend to reduce atherosclerotic coronary plaque, 
which paralleled observations in placebo-treated patients. 
In this analysis, we investigated the prevalence of AP in the 
ASSURE study cohort and the potential impact of apabetalone 
and its biochemical effects on AP with serial imaging.

2  Methods

2.1  Study Design

The ASSURE study design has been previously described 
[5]. Briefly, ASSURE was a prospective, randomized, 

multicenter, double-blind clinical trial. Patients with angio-
graphic coronary artery disease and low HDL cholesterol 
level (< 45  mg/dl in females and < 40  mg/dl in males) 
were randomized to treatment for 26 weeks with apabetal-
one 100 mg or placebo administered twice daily. Subjects 
received treatment with either atorvastatin 10–40 mg daily 
or rosuvastatin 5–20 mg daily during the study.

2.2  Acquisition and Analysis of Intravascular 
Coronary Imaging

The presence of at least one epicardial coronary artery ste-
nosis > 20% was required for study entry. Baseline IVUS 
was performed in a single, native coronary artery with no 
lumen stenosis > 50% and that had not undergone revascu-
larization. Imaging was performed using either the s5™ 
(Volcano, Sacramento, CA, USA) or iLab™ (Boston Scien-
tific, Boston, MA, USA) systems and screened by the core 
laboratory at C5Research. Patients meeting prespecified 
requirements for image quality were eligible for randomi-
zation. Following 26 weeks of treatment, patients under-
went a second IVUS within the same artery. Anatomically 
matched arterial segments were selected for analysis on the 
basis of proximal and distal fiduciary points. The measure-
ments of the lumen and external elastic membrane (EEM) 
in images within a matched artery segment were performed. 
Plaque was determined as the area between leading edges. 
At a vessel level, plaque burden was calculated as percent 
atheroma volume (PAV) and total atheroma volume (TAV), 
as previously described [5]. Changes in PAV, TAV, lumen 
and EEM volumes were calculated from measurements 
at 26 weeks minus the corresponding volume at baseline. 
Plaque regression was defined as any decrease in plaque 
burden from baseline.

Plaque attenuation was defined as a hypoechoic area with 
deep ultrasonic attenuation despite the absence of bright 
calcium. Cross-sectional images having plaque attenuation 
were identified within the entire imaged segment (Fig. 1), 
and then the arc of plaque attenuation was measured in 
degrees with a protractor centered on the lumen at every 
0.1-mm interval. The length of plaque attenuation was 
measured on a longitudinal view. Attenuated plaque index 
(API) was defined as the mean arc of plaque attenuation 
multiplied by its length and subsequently normalized to 
account for difference in imaged segment length between 
subjects as follows:

Attenuated plaque index (API) (mm◦) =

{

Mean arc of attenuation (◦) × Longitudinal length of attenuation (mm)

Number of images in segment

}

×Median number of images in segments of study subjects.
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Baseline and follow-up attenuation index were evaluated, 
and serial changes in these IVUS measures were compared 
to baseline values between treatment groups.

2.3  Biochemical Measures

All biochemical determinations were performed at a central 
laboratory (ACM, Rochester, NY, USA, and York, UK). 
Lipid profiles were determined by enzymatic assay. Levels 
of apoA-1 were determined by turbidimetric immunoas-
say (Boston Heart Diagnostics, Framingham, MA, USA). 
Measurements of lipoprotein particle number and size were 
performed by nuclear magnetic resonance (LipoScience, 
Raleigh, NC, USA) as previously described [6, 7]. Particle 
concentrations of lipoprotein subclasses of different sizes 
were calculated from the measured amplitudes of their spec-
troscopically distinct lipid methyl signals. Lipoprotein levels 
and safety laboratory measurements were obtained and any 
adverse reactions recorded at each study visit.

2.4  Statistical Analysis

Data analyses were performed using Stata 14.2 (Stata Corp, 
USA). Categorical data were expressed as frequency and per-
centages. Continuous data were presented as median and inter-
quartile ranges (IQRs). Baseline patient characteristics and lipid 
and IVUS parameters were compared between AP-positive 
and AP-negative groups using Mann–Whitney test; changes in 
lipid parameters, C-reactive protein (CRP), and IVUS and AP 
characteristics were examined using Wilcoxon’s matched-pairs 
signed rank test. The correlations between lipid parameters and 
the inflammatory biomarker (CRP) and PAV and API were 
examined using the Spearman’s correlation test. The change in 
API was modeled using the multiple linear regression model, 

adjusting for the baseline API as a priori. Baseline, follow-up 
and change in lipid parameters [total cholesterol; HDL cho-
lesterol; low-density lipoprotein (LDL) cholesterol; triglycer-
ides; apoA-1; apoB; total HDL particles; large, medium and 
small HDL particles; HDL size; total LDL particles; large and 
small LDL particles; LDL particle size; intermediate density 
lipoprotein (IDL)  particles; non-HDL cholesterol; very low-
density lipoprotein (VLDL) and chylomicron triglyceride; 
VLDL and chylomicron particles; large VLDL and chylomi-
cron particles; medium and small VLDL particles; and VLDL 
particle size], biochemistry parameters [alkaline phosphatase 
(ALP), creatine kinase, creatinine, CRP], baseline and follow-
up IVUS parameters (PAV, normalized TAV), sex, age, weight, 
medical condition (hypertension and diabetes) and medication 
[angiotensin converting enzyme (ACE) inhibitor and beta-
blocker] at the baseline were examined for inclusion in the final 
model. A predictor was included in the final model if it had sig-
nificant effect on the change in API at a 5% level. If the follow-
up measurement of a variable had significant effect, we also 
included the baseline measurement of the variable in the final 
model. A linear regression model was used for all subgroup 
analysis, where we divided data by median age, sex, median 
body mass index (BMI), medical condition (hypertension or 
diabetes), estimated glomerular filtration rate (eGFR) ≥ 60 ml/
min/1.73 m2, statin type (atorvastatin vs. rosuvastatin), ALP 
using clinical cut-off (100 U/l), and median ALP. All tests were 
two-tailed and assessed at the 5% alpha level.

3  Results

3.1  Baseline Characteristics According to AP

The disposition of patients in the study is summarized in 
Fig. 2. Six hundred seventy-six patients were screened, with 

Fig. 1  Schematic diagram of 
grey-scale IVUS imaging: a 
cross-sectional intravascular 
imaging analysis of attenuated 
plaque; b longitudinal IVUS 
imaging. IVUS intravascular 
ultrasound
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243 patients randomized to the apabetalone group and 80 to 
the placebo group. After 26 weeks of treatment, 281 patients 
(87.0%) remained in the study and underwent gray-scale 
IVUS imaging at baseline and follow-up. At baseline, 27 
patients (11.1%) had evidence of attenuated plaque in the 
apabetalone group at baseline, whereas four patients (5.0%) 
had it in the placebo group at baseline. Table 1 summa-
rizes patient characteristics, stratified according to the pres-
ence of attenuated plaque in the apabetalone group, with no 
statistically significant differences observed. Table 2 sum-
marizes baseline lipid parameters, CRP, and IVUS param-
eters according to the presence of attenuated plaque in the 
apabetalone group, with no statistically significant differ-
ences observed. The attenuated plaque group had a greater 
PAV [43.8% (IQR 38.2, 49.2) vs. 37.5% (IQR 32.6, 43.7), 

p = 0.007] and TAV [245.0 mm3 (IQR 215.4, 273.7) vs. 
193.6 mm3 (IQR 143.0, 257.2), p = 0.005].

3.2  Biochemical and IVUS Measurements 
in Patients with Attenuated Plaque 
in the Apabetalone Group

Table 3 presents baseline, follow-up levels and changes in 
lipid parameters and CRP in the apabetalone groups (n = 27). 
Apabetalone treatment was associated with a decrease in 
LDL cholesterol [− 11 mg/dl (IQR − 27, 4), p = 0.02] and 
CRP [− 1.8 mg/l (IQR − 4.1, 0), p < 0.001] and an increase 
in HDL cholesterol [8 mg/dl (IQR 4, 11), p < 0.001], apoA-1 
[16.2 mg/dl (IQR 10.5, 27), p < 0.001], total HDL particles 
[4.7 mol/l (IQR 1.2, 6.7), p < 0.001], small HDL particles 
[2.6 mol/l (IQR − 9, 5.5), p = 0.01] and large HDL parti-
cles [1.5 mol/l (IQR 0, 2.3), p < 0.001]. Table 4 presents 
IVUS measurements of plaque burden and attenuated plaque 
characteristics in the apabetalone group. PAV was increased 
significantly compared to baseline [1.1% (IQR − 0.3, 1.9), 
p = 0.03]; however, atheroma volume throughout the whole 
analyzed segment [2.4 mm3 (IQR − 11.0, 17.4), p = 0.26] 
and in the most diseased 10-mm segment [0.1 mm3 (IQR 
− 4.7, 4.6), p = 0.89] did not significantly change during the 
course of the study. A decrease in attenuated plaque length 
[− 1 mm (IQR − 4, 1), p = 0.03], arc [− 37° (IQR − 59.2, 
8.2), p = 0.003] and index [− 34.6 mm° (IQR − 52.6, 10.1), 
p = 0.003] was observed.

3.3  Relationship Between Follow‑Up Lipoprotein 
and Inflammatory Biomarker Levels 
and Changes in PAV and Characteristics of AP

Table 5 describes the association between follow-up lipo-
protein and inflammatory biomarker levels and changes 
in the PAV and API in the apabetalone group. Changes 
in API correlated inversely with follow-up HDL parti-
cle concentration (r = − 0.52, p = 0.006) (Fig. 3), but not 
HDL cholesterol (r = − 0.11, p = 0.60) nor apoA-1 levels 
(r = − 0.16, p = 0.43). Follow-up LDL cholesterol levels 
correlated significantly with changes in PAV (r = 0.44, 
p = 0.02), but not changes in API (r = − 0.11, p = 0.60). 
Multivariable analysis revealed that follow-up HDL parti-
cles (p = 0.028) and small VLDL particles (p = 0.011) were 
independently associated with changes in API (Table 6).

4  Discussion

The current study evaluated the impact of a BET pro-
tein inhibitor, apabetalone, which is reported to favorably 
modulate lipid and inflammatory mediators of plaque vul-
nerability, on coronary atherosclerosis. We showed that 

Fig. 2  The flowchart of patients in the study. Patients who withdrew 
from the study include those discontinued due to subject or physician 
decision. AP attenuated coronary atherosclerotic plaque, IVUS intra-
vascular ultrasound

Table 1  Patient characteristics

Values are median [interquartile range]
ACE angiotensin converting enzyme, AP attenuated coronary athero-
sclerotic plaque, BMI body mass index

AP (−) (n = 216) AP (+) (n = 27) p

Age, years 58.5 [52, 64] 62 [54, 68] 0.06
Males, n (%) 165 (76.4) 24 (88.9) 0.22
BMI 29.4 [26.2, 32.5] 28.7 [26.8, 32.2] 0.80
Hypertension, n (%) 172 (79.6) 21 (77.8) 0.80
Diabetes, n (%) 66 (30.6) 10 (37.0) 0.49
Current smoker, n (%) 61 (28.2) 6 (22.2) 0.65
Beta-blocker, n (%) 180 (83.3) 21 (77.8) 0.43
ACE, n (%) 111 (51.4) 15 (55.6) 0.84
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apabetalone had a potential effect to reduce features of 
high-risk coronary atherosclerotic plaque, as evidenced by 
a reduction in attenuated plaque indices. These changes in 
plaque composition were observed in the absence of any 
demonstrable reduction in plaque burden within the short 
treatment period of 26 weeks. Although the studied ves-
sels showed no overall change in plaque burden, change 
in PAV was associated with follow-up LDL cholesterol 
and change in attenuated plaque was related to a larger 

proportion of HDL particles at follow-up, as opposed to 
measures of HDL cholesterol and apoA-1. The observa-
tion is consistent with preliminary studies demonstrating 
that reduced HDL particle number is associated with car-
diovascular risk [6, 8]. Small VLDL particles also were 
associated with the development of attenuated plaque, 
suggesting that triglyceride-rich lipoproteins may play 
an important role in the progression of high-risk athero-
sclerotic plaque.

Table 2  Baseline lipid and inflammatory values and IVUS measures

Values are median [interquartile range]
AP attenuated coronary atherosclerotic plaque, HDL high-density lipoprotein, hs-CRP high-sensitivity C-reactive protein, IVUS intravascular 
ultrasound, LDL low-density lipoprotein, PAV percent atheroma volume, TAV total atheroma volume, TAVMDS total atheroma volume most dis-
eased 10-mm sub-segments

AP (−) (n = 216) AP (+) (n = 27) p

Lipid parameter
 Total cholesterol, mg/dl 158 [135, 185] 145 [124, 174] 0.12
 LDL cholesterol, mg/dl 96 [73, 120] 85 [69, 104] 0.07
 HDL cholesterol, mg/dl 39 [34, 42] 39 [31, 42] 0.54
 Triglycerides, mg/dl 135.5 [98.5, 183] 120 [87, 181] 0.48
 Apolipoprotein B, mg/dl 86 [69, 104] 76.5 [65, 92] 0.15
 Apolipoprotein A-1, mg/dl 118.3 [103.7, 128.2] 119.2 [104.8, 129.3] 0.93
 Total HDL particles, mol/l 26.3 [23.7, 29.4] 25.4 [21.4, 28.6] 0.38
 Small HDL particles, mol/l 16.9 [14.6, 19.5] 15.6 [13.6, 18.0] 0.15
 Large HDL particles, mol/l 2.3 [1.5, 3.0] 2.5 [1.7, 3.5] 0.35
 hs-CRP, mg/l 2.2 [1.2, 5.4] 2.5 [0.6, 7.2] 0.63

IVUS measure
 PAV, % 37.5 [32.6, 43.7] 43.8 [38.2, 49.2] 0.007
 TAV,  mm3 193.6 [143.0, 257.2] 245.0 [215.4, 273.7] 0.005
 TAVMDS,  mm3 60.6 [41.7, 82.9] 74.6 [53.5, 85.5] 0.16

Table 3  Baseline, follow-up and change in lipid and inflammatory values

Values are median [interquartile range]
HDL high-density lipoprotein, hs-CRP high-sensitivity C-reactive protein, LDL low-density lipoprotein

Apabetalone (n = 27) p

Baseline Follow-up Change

Total cholesterol, mg/dl 145 [124, 174] 137 [124, 50] − 4 [− 18, 11] 0.32
LDL cholesterol, md/dl 85 [69, 104] 69 [57, 89] − 11 [− 27, 4] 0.02
HDL cholesterol, md/dl 39 [31, 42] 46 [39, 50] 8 [4, 11] < 0.001
Triglycerides, mg/dl 120 [87, 181] 120 [81, 205] − 2 [− 31, 28] 0.75
Apolipoprotein B, mg/dl 76.5 [65, 92] 69 [58, 81] − 2.5 [− 17, 4] 0.07
Apolipoprotein A-1, mg/dl 119.2 [104.8, 129.3] 138.2 [124, 149] 16.2 [10.5, 27] < 0.001
Total HDL particles, mol/l 25.4 [21.4, 28.6] 30.3 [27.6, 33.1] 4.7 [1.2, 6.7] < 0.001
Small HDL particles, mol/l 15.6 [13.6, 18.0] 19.2 [15.9, 19.9] 2.6 [− 9, 5.5] 0.01
Large HDL particles, mol/l 2.5 [1.7, 3.5] 3.5 [2.2, 6.1] 1.5 [0, 2.3] < 0.001
hs-CRP, mg/l 2.5 [0.6, 7.2] 0.8 [0.5, 1.7] − 1.8 [− 4.1, 0] < 0.001



54 D. Shishikura et al.

The feature of ultrasonic attenuation acquired from grey-
scale IVUS has been frequently observed at culprit lesions 
of patients with acute coronary syndrome (ACS) and has 
been demonstrated to be associated with greater transient 
deterioration in coronary flow, larger infarct size, and 
higher incidence of fatal arrhythmia following percutaneous 
coronary intervention (PCI) in patients with ACS [9–11]. 
These findings were supported by several histological stud-
ies implicating that plaque debris retrieved from the distal 
portions of infarcted related arteries using distal protection 
device [12] and from the lesions with plaque attenuation 
by the directional coronary atherectomy during PCI [13] 
in patients with ACS consisted of necrotic core, inflamma-
tory cell and old and fresh thrombi. Additionally, according 
to a recent histological study examining a large series of 
human coronary specimens with both cardiovascular and 

non-cardiovascular deaths, IVUS attenuation, especially 
superficial echo attenuation, was likely associated with an 
advanced fibroatheroma containing a large necrotic core [4]. 

Table 4  IVUS measures and AP characteristics

Values are median [interquartile range]
AP attenuated coronary atherosclerotic plaque, IVUS intravascular ultrasound, PAV percent atheroma volume, TAV total atheroma volume, 
TAVMDS total atheroma volume most diseased 10-mm sub-segments

Apabetalone (n = 27) p

Baseline Follow-up Change

IVUS measure
 PAV (%) 43.8 [38.2, 49.2] 43.6 [38.9, 49.5] 1.1 [− 0.3, 1.9] 0.03
 TAV  (mm3) 245.0 [215.4, 273.7] 244.0 [202.3, 284.1] 2.4 [− 11.0, 17.4] 0.26
 TAVMDS  (mm3) 74.6 [53.5, 85.5] 72.2 [48.4, 85.7] 0.1 [− 4.7, 4.6] 0.89

AP characteristic
 Length (mm) 5 [2, 7] 2 [0, 6] − 1 [− 4, 1] 0.03
 Arc (°) 70.1 [56.5, 96.4] 59.8 [0, 77] − 37 [− 59.2, 8.2] 0.003
 AP index (mm°) 57.8 [42.4, 79.8] 41.3 [0, 75.7] − 34.6 [− 52.6, 10.1] 0.003

Table 5  Correlation between follow-up lipid and inflammatory levels 
with change in PAV and AP index

AP attenuated plaque, CRP C-reactive protein, HDL high-density 
lipoprotein, LDL cholesterol low-density lipoprotein, PAV percent 
atheroma volume

PAV AP index

r p r p

LDL cholesterol 0.44 0.02 − 0.11 0.60
HDL cholesterol 0.14 0.48 − 0.11 0.60
Triglycerides 0.21 0.30 − 0.02 0.92
Apolipoprotein A-1 0.13 0.53 − 0.16 0.43
Apolipoprotein B 0.36 0.06 − 0.07 0.72
HDL particles 0.22 0.27 − 0.52 0.006
Large HDL particles − 0.05 0.80 − 0.05 0.82
Medium HDL particles − 0.08 0.69 − 0.17 0.39
Small HDL particles 0.37 0.06 − 0.31 0.12
CRP 0.04 0.86 0.17 0.39

Fig. 3  Correlation between follow-up HDL particles and change in 
AP index. Changes in AP index correlated inversely with follow-up 
HDL particle concentration. AP attenuated plaque, HDL high-density 
lipoprotein

Table 6  Multivariable analysis of change AP index

AP attenuated plaque, HDL high-density lipoprotein, VLDL very low-
density lipoprotein

Multivariable analysis

β 95% CI p

Baseline AP index − 0.39 − 0.58 to − 0.21 < 0.000
Follow-up small VLDL 

particle
*Adjusted for baseline

1.46 0.38 to 2.55 0.011

Follow-up HDL particle
*Adjusted for baseline

− 6.37 − 11.97 to − 0.77 0.028
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Therefore, the IVUS feature of ultrasonic attenuation with 
the absence of calcification in the atherosclerotic plaque has 
been thought to be associated with a high risk for plaque 
rupture. The prevalence of plaque attenuation in the present 
study (9.6%) was consistent with a previous report that dem-
onstrated the presence of plaque attenuation in non-culprit 
segments in patients with stable settings [14]. The overall 
study is modest in size; as a result, the small prevalence of 
plaque attenuation in the placebo group is likely to be a play 
of chance. Given that ultrasonic attenuation within athero-
sclerotic coronary plaque is more frequently observed at the 
lesions containing greater atheroma burden [13], baseline 
IVUS data in the main analysis of the ASSURE study dem-
onstrating a lower amount of plaque volume in the placebo 
group compared with the treatment group (TAV 154.8 vs. 
199.9 mm3, p < 0.001) [5] is thought to be partly responsi-
ble for the difference in prevalence of attenuation plaque 
between placebo and treatment groups in the current study.

Apabetalone acts through an epigenetic mechanism, 
increasing apoA-1 synthesis and increasing HDL particle 
concentration. The ASSURE study demonstrated a trend of 
plaque regression with apabetalone, which paralleled obser-
vations in placebo-treated patients [5]. A pooled analysis 
of phase 2 studies of apabetalone in cardiovascular disease 
patients demonstrated a reduction in major cardiovascular 
events compared with placebo-treated patients [15]. The dis-
crepancy between apabetalone’s moderate effect on plaque 
volume and reduction in cardiovascular disease events 
suggests that apabetalone may have additional properties, 
including modulation of inflammatory, immunoregulatory 
and coagulative factors implicated in atherosclerosis [3, 17, 
18]. In the current analysis, while the imaged vessels showed 
no change in plaque burden, all attenuated plaque features 
decreased in size, suggesting that apabetalone may have the 
potential to stabilize high-risk atherosclerotic plaque. This 
finding is consistent with a previous animal study that dem-
onstrated that interventions targeting HDL had a potential 
effect on the histological composition of atherosclerotic 
plaques [19].

HDL particles have received considerable interest, as they 
play a central role in the promotion of reverse cholesterol 
transport in addition to other biological activities indicat-
ing anti-inflammatory, anti-oxidant, anti-thrombotic and 
anti-apoptotic activities [20, 21]. Population studies have 
demonstrated that HDL cholesterol levels were inversely 
correlated with cardiovascular risk [22] and low HDL cho-
lesterol levels were associated with progression and vulner-
ability of atherosclerotic plaques [23, 24]. However, recent 
evidences have raised doubts with regard to the hypotheses 
that elevating HDL cholesterol levels is necessarily thera-
peutic [25–27]. Given that HDL has also been recognized to 
circulate as a heterogeneous population of particles differing 
in size, shape and composition, this has led to the proposal 

that other HDL-associated metrics might provide better 
assessments of the relationship between HDL metabolism 
and cardiovascular disease. Indeed, some evidences have 
demonstrated that HDL particle concentration was superior 
to HDL cholesterol levels as a predictor of cardiovascular 
disease [6, 8]. Similarly, cholesterol efflux capacity, a func-
tional, non-quantitative measure of HDL, has emerged as a 
better risk marker of cardiovascular disease than HDL cho-
lesterol levels [28]. However, whether each HDL subclass 
would be the source of overall HDL cardioprotection has 
not been fully understood. In the current study, although 
high total HDL particle concentration was associated with 
the reduction of plaque attenuation, there were no signifi-
cant correlations between each HDL subclass and change 
in plaque attenuation. Further investigations are required to 
understand the relationship between HDL and atheroscle-
rotic coronary plaque instability.

HDL particles account for a much larger fraction of the 
variation in cholesterol efflux capacity than HDL choles-
terol levels [29], suggesting that an increase in total HDL 
particle number and improved cholesterol efflux could be 
partly responsible for the reduction in AP. In addition, the 
apabetalone effect on reducing BET driven transcription, 
resulting in a reduction in mediators of vascular inflamma-
tion and calcification, may contribute to our findings [17]. 
In a previous animal experimental study, apabetalone inhib-
ited progression of atherosclerosis via a combination of lipid 
change including raising HDL cholesterol, decreasing LDL 
cholesterol and a reduction of proinflammatory cytokines 
and adhesion molecules, suggesting that anti-inflammatory 
activities may also contribute to plaque stabilization [30].

Accumulating evidence suggests that triglyceride-rich 
lipoproteins play a role in coronary artery disease [30, 31]. 
Our finding that VLDL concentration associates with AP 
development is intriguing and requires further investiga-
tion. The degree to which this contributes to the current 
findings of changes in measures of plaque vulnerability 
and that triglyceride lowering therapies may favorably 
lower cardiovascular disease risk remains to be determined 
in clinical trials.

A number of caveats should be noted. The current 
analysis was small, with very few patients in the placebo 
group having AP at baseline. Accordingly, a between 
group comparison with apabetalone was not possible. 
Patients treated with the highest doses of atorvastatin 
and rosuvastatin were excluded; thus the impact of apa-
betalone combination with potent statin therapy remains 
unknown. Acoustic shadowing artifacts with IVUS imag-
ing can limit the ability to detect and quantify AP burden. 
The low prevalence of AP at baseline also suggests a 
limited therapeutic effect in the broader ASSURE study 
population, but does suggest potential benefits on higher 
risk patients. Further investigation with a larger number 



56 D. Shishikura et al.

of subjects with ACS may provide great understanding 
of the impact of apabetalone on high-risk atherosclerotic 
plaque.

In summary, apabetalone has a potential effect on vul-
nerable atherosclerotic plaque in the coronary artery. Our 
observations raise the possibility that reduced HDL parti-
cles contribute to the development of attenuated plaque, 
and that HDL particles can be superior to HDL choles-
terol and apoA-1 as a marker of progression of high-risk 
plaque. In addition, triglyceride-rich lipoprotein may be 
another important factor to predict the development of 
attenuated plaque. How these findings translate to car-
diovascular events requires further investigation in larger 
studies.
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