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Impaired Cholesterol-Uptake Capacity of HDL Might Promote
Target-Lesion Revascularization by Inducing Neoatherosclerosis After

Stent Implantation
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Background—We evaluated the importance of high-density lipoprotein (HDL) functionality for target-lesion revascularization in
patients treated with coronary stents using a rapid cell-free assay system to evaluate the functional capacity of HDL to accept
additional cholesterol (cholesterol-uptake capacity; CUC).

Methods and Results—From an optical coherence tomography (OCT) registry of patients treated with coronary stents, 207
patients were enrolled and their HDL was functionally evaluated by measuring the CUC. Follow-up OCT was performed (median
duration, 24.5 months after stenting) to evaluate the presence of neoatherosclerosis. Clinical follow-up was performed to assess
target-lesion revascularization for a median duration of 42.3 months after stent implantation. Neoatherosclerosis was identified in
37 patients (17.9%). Multivariate logistic regression analysis revealed that a decreased CUC was independently associated with
neoatherosclerosis (odds ratio, 0.799; P<0.001). The CUC showed a significant inverse correlation with incidence of target-lesion
revascularization (odds ratio, 0.887; P=0.003) and with lipid accumulation inside stents, suggesting that neoatherosclerosis
contributes to the association between CUC and target-lesion revascularization.

Conclusions—Impaired HDL functionality, detected as decreased CUC, might lead to future stent failure by provoking atherogenic
changes of the neointima within stents. Both quantitative and qualitative assessments of HDL might enable the improved prediction of
clinical outcomes after stent implantation. (/ Am Heart Assoc. 2019;8:e011975. DOI: 10.1161/JAHA.119.011975.)
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I ntracoronary stent implantation has markedly reduced the
incidence of restenosis in patients with coronary artery
disease compared with that of percutaneous old balloon
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angioplasty.’ However, in-stent restenosis requiring target-
lesion revascularization (TLR) occurs even with the use of
drug-eluting stents. Emerging evidence suggests that among
various potential risk factors, atherogenic progression within
the neointima, that is, neoatherosclerosis (NA), is one of the
major contributors to TLR, and the lipid profile is one of the
key risk factors for the development of NA.%™*

Recent animal and human studies have demonstrated the
importance of high-density lipoprotein (HDL) functionality,
rather than HDL-cholesterol (HDL-C) levels, in the development
of de novo coronary artery disease.>® Cholesterol-efflux
capacity, a measure of the ability of HDL to promote cholesterol
removal from lipid-laden macrophages,” is inversely correlated
with incidence of cardiovascular events and improves cardio-
vascular risk prediction beyond that using traditional coronary
risk factors.”® Therefore, we hypothesized that the ability of
HDL to promote cholesterol removal from lipid-laden macro-
phages could be associated with TLR through its effect on NA
progression within stents.
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Clinical Perspective

What Is New?

» This is the first study that reveals the potential relation
between high-density lipoprotein functionality evaluated by
cholesterol-uptake capacity, neoatherosclerosis, and clinical
outcome of target-lesion revascularization long term after
stent implantation in human optical coherence tomography
registry.

What Are the Clinical Implications?

* We believe that more-active secondary prevention will lead
to improved outcomes by measuring cholesterol-uptake
capacity, which identifies patients with increased risk of
neoatherosclerosis and residual risk for target-lesion revas-
cularization.

Recently, we developed a rapid cell-free assay system to
directly evaluate the capacity of HDL to accept additional
cholesterol; the measurement of the cholesterol-uptake
capacity (CUC) enables HDL functionality to be readily
evaluated in our daily practice.'® Thus, in this study, we
aimed to clarify the relationships among CUC, NA, and TLR
using the novel cell-free assay system, CUC measurements,
and optical coherence tomography (OCT).

Methods

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

Patient Population

The Kobe University Hospital OCT registry is a single-center
registry of consecutive patients who have undergone
coronary artery OCT.'' All patients who have undergone
OCT are eligible for inclusion in this registry. OCT was
performed for the following reasons: (1) planned follow-up
coronary angiography and OCT, which includes any case at
the time of stent implantation or routine stent follow-up
regardless of symptoms; (2) evidence of myocardial
ischemia, such as silent myocardial ischemia, stable angina,
or acute coronary syndrome. Exclusion criteria for OCT were:
(1) an anatomically unsuitable target artery for OCT,
according to previously described criteria'? (2) apparent
congestive heart failure; (3) renal insufficiency with a
baseline creatinine level of >2.0 mg/dL except under
hemodialysis; or (4) written informed consent was not
obtained from the patient.

From the OCT registry, consecutive patients were enrolled
who (1) had undergone percutaneous coronary intervention
for de novo coronary artery disease; (2) had been treated with
bare-metal stents, sirolimus-eluting stents (Cypher; Cordis,
Miami Lakes, FL), paclitaxel-eluting stents (Taxus; Boston
Scientific, Natick, MA), biolimus-eluting stents (Nobori;
Terumo Corporation, Tokyo, Japan), or everolimus-eluting
stents (XIENCE V; Abbott Vascular, Santa Clara, CA); or (3)
had successfully undergone follow-up OCT for the target
stents >6 months after stenting. Exclusion criteria were as
follows: (1) patients in whom the stent was implanted in the
left main trunk and (2) patients whose OCT images were of
insufficient quality. In the case of patients with stents
implanted in >2 lesions, the stent that was implanted first
was selected as the target stent. Patients were enrolled in the
study, and CUC was measured at the time of follow-up OCT by
a clinical follow-up.

The percutaneous coronary intervention procedure was
performed by intravascular ultrasound (Boston Scientific
Corporation; Volcano Corporation, Rancho Cordova, CA) or
OCT guidance (C7 or C8 Dragonfly; St. Jude Medical, St. Paul,
MN). All patients were treated with aspirin (100 mg/day) and
clopidogrel (75 mg/day), ticlopidine (200 mg/day), or pra-
sugrel (3.75 mg/day) for at least 3 months after stent
implantation. This study was approved by the ethics commit-
tee of Kobe University (Kobe, Japan).

Cholesterol-Uptake Assay

CUC was measured at the time of the follow-up OCT as per
our previous methods.'® Briefly, apolipoprotein (apo) B—
containing lipoproteins were precipitated from serum using
polyethylene glycol 4000, and 1 pL of this apoB-depleted
serum sample, whose apoA1 concentration was adjusted to
5 png/mL using apoA1 in PBS, was incubated with 100 pL of
5 umol/L of BODIPY-cholesterol (Avanti Polar Lipids, Alaba-
ster, AL) at 37°C for 2 hours. Subsequently, the apoB-
depleted serum mixture was transferred into wells of 96-well
black-bottom microplates coated with an anti-apoA1 antibody
(clone 1C5; Sanbio B.V., Uden, Netherlands), and plates were
incubated at 25°C for 1 hour. After washing the wells 5 times
with PBS, 100 pL of 20 mmol/L of cyclodextrin (Sigma-
Aldrich, St. Louis, MO) in PBS was added to wells to enhance
the fluorescence signal derived from BODIPY-cholesterol, and
the plate was incubated at 25°C for 1 hour. Fluorescence
intensity was measured at 535 nm with excitation at 485 nm
using an Infinite 200 Pro microplate reader (Tecan,
Mannedorf, Switzerland). Intensity values were standardized
using a calibration curve generated from serial dilutions of
recombinant apoA1 (Sigma-Aldrich) for each microplate and
adjusted by multiplying by the apoA1 concentrations in each
apoB-depleted serum sample.
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OCT Examination

The OCT procedure was performed as reported.' Briefly, a
0.014-inch standard guide wire was positioned distally in the
target vessel, and the OCT catheter (C7 and C8 Dragonfly; St.
Jude Medical) was advanced to the distal end of the target
lesion. For image acquisition, blood in the lumen area was
replaced with an iodine contrast medium that was continu-
ously flushed using a power injector. The entire length of the
region of interest was scanned using the integrated auto-
mated pullback device at 20 mm/s.

OCT Analysis

Offline OCT analysis was performed using dedicated software
(Light Lab Imaging Inc, Westford, MA). All images were
analyzed at every frame in the stents by 2 independent
investigators, who were blinded to the angiographic and
clinical findings. NA was defined as a neointima containing a
diffuse border and a signal-poor region, with the struts
underneath invisible because of the marked signal attenua-
tion (Figure 1A).*'*'® To quantify the circumferential extent
of NA, the lipid-core arc was measured at a 0.2-mm interval
throughout the segments showing NA. The mean lipid-core
arc was calculated for each lesion, and the lipid index was
computed by multiplying the mean lipid-core arc by the lipid-
core longitudinal length.'® Thin-cap fibroatheroma-like neoin-
tima was defined as a neointima characterized by a fibrous
cap thickness at the thinnest part of <65 um and an angle of
lipid-laden neointima of >180 degrees (Figure 1B).*'
Macrophage accumulation sites were defined as confluent
or punctate highly backscattering focal regions in the artery
wall (Figure 1C)." Macrophage grading was also performed

A neoatherosclerosis

B thin-cap fibroatheroma

to quantify the extent of macrophage accumulation based on
the axial and circumferential distribution. In OCT images
showing NA, the macrophage arc was measured at 0.2-mm
intervals and divided into 5 groups: grade 0, no macro-
phages; grade 1, localized macrophage accumulation, <30
degrees; grade 2, clustered accumulation, >30 and <90
degrees; grade 3, clustered accumulation, >90 and <270
degrees; and grade 4, clustered accumulation, >270 degrees.
Macrophage grade was evaluated as the summation of
grades 0 to 4 across all cross-sections in NA." In-stent
thrombus was defined as a mass protruding beyond the stent
strut into the lumen, with marked attenuation behind the
mass (Figure 2A)."® A peri-strut low-intensity area was
defined as a neointima containing a region around stent
struts displaying a homogeneous lower-intensity appearance
relative to the surrounding tissue without notable signal
attenuation behind the area in at least 1 cross-section
(Figure 2B)."” The vasa vasorum was defined as well-
delineated low-backscattering structures, <200 um in diam-
eter, showing a trajectory within the vessel (Figure 2C).%°

Outcome Variables and Definitions

Clinical outcome data (median duration between stent
implantation and clinical follow-up, 42.3 months) were
obtained by reviewing outpatient records or telephone
interviews for death, myocardial infarction, and TLR. The
primary outcome was ischemia-driven TLR during the follow-
up period. All deaths were considered cardiac related unless
unequivocal noncardiac enzyme involvement could be estab-
lished. Myocardial infarction was considered in cases where
the cardiac enzyme levels (troponin or myocardial band

¢ macrophage

Figure 1. Representative optical coherence tomography images showing (A) neoatherosclerosis, (B) thin-cap fibroatheroma, and (C)

macrophage.
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A thrombus

B peri-strut low intensity area

C vasa vasorum

Figure 2. Representative optical coherence tomography images showing a thrombus (A), peri-strut low-intensity area (B), and vasa vasorum (C).

fraction of creatine kinase) were greater than the upper limit
of the normal value. All events were carefully verified and
adjudicated by independent clinicians.

Statistical Analysis

Statistical analyses were conducted using SPSS software
(version 25; SPSS Inc, Chicago, IL). Qualitative data are

presented with frequencies and are shown as means=+SD. For
continuous variables, comparisons between 2 groups were
performed using a 2-tailed, unpaired t test, Welch test, or
Wilcoxon test, according to the data of normal or non-normal
distribution and equal variance, respectively. Discrete vari-
ables are presented as percentages, and comparisons were
performed using the chi-squared analysis or Fisher’s exact
test. Logistic regression analysis were performed to identify

502 patients (613 lesions) screened

h 4

249 patients (249 lesions) enrolled

A 4

42 patients excluded

27 patients received left main stenting
15 patients had insufficient OCT image quality

207 patients (207 lesions) analyzed

v

37 patients (37 lesions)
NA+ group

A 4

170 patients (170 lesions)
NA- group

Figure 3. Study population. NA indicates neoatherosclerosis; OCT, optical coherence tomography.
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independent predictors of the presence of NA and TLR. Age,
sex, and the variables achieving a P<0.05 in above tests were
entered in the uni- and multivariate analysis to determine the
independent risk factor for NA and TLR. Survival curves were
constructed using Kaplan—Meier estimates and compared
using the log-rank test. Odds ratio and 95% Cls were
calculated using the logistic regression model. The high-
sensitivity C-reactive protein (hsCRP) value was multiplied by
100 before the logistic regression analysis. A receiver
operating characteristic curve analysis was performed to
determine the predictability (sensitivity and specificity) of the
presence of NA from CUC level.

Results

Patient and Lesion Characteristics

Five-hundred two patients (613 lesions) who were enrolled
into the OCT registry between April 2011 and January 2017
were screened. Among them, 249 patients who met the
inclusion criteria were identified as candidates for this study.
Next, 42 of the 249 patients were excluded based on (1)
implantation of the stent in the left main trunk (n=27) and (2)
an insufficient quality of the OCT images (n=15). Finally, 207
consecutive patients (207 lesions) were enrolled, and their

10T
NA- group
08 T
5 ost
§
&
H
s 04T
N NA+ group
02T
Logrank P < 0.001
00T
0 500 1000 1500 2000 2500
Days of follow-up
Number
at risk
NA+ 37 1 2 0 0 0
NA- 170 79 1" 7 2 0

Figure 4. Association between neoatherosclerosis (NA) and
target-lesion revascularization (TLR). Kaplan—Meier survival curve
of TLR stratified according to NA.

Table 1. Baseline Patient and Lesion Characteristics

Variable NA" (n=37) NA~ (n=170) P Value
Clinical characteristics at follow-up OCT
Age, y 71.4+9.72 69.9+9.64 0.393
Male 29 (78.4) 139 (81.8) 0.633
Duration between stent 64.9+52.0 43.2+54.2 0.001
implantation and
follow-up OCT (mo)
Diabetes mellitus 22 (59.5) 82 (48.2) 0.216
Hypertension 29 (78.4) 138 (81.2) 0.696
Dyslipidemia 34 (91.9) 158 (92.9) 0.523
Smoking 21 (56.8) 89 (52.4) 0.627
Hemodialysis 1(2.7) 5(2.9) 0.708
Angina status
Stable angina pectoris 21 (56.8) 103 (60.6) 0.667
Unstable angina pectoris 16 (43.2) 67 (39.4)
or acute coronary
syndrome
Medication at follow-up OCT
Dual antiplatelet therapy 24 (64.9) 122 (71.8) 0.404
Statin 34 (91.9) 158 (92.9) 0.523
Rosuvastatin 23 (67.6) 87 (55.1)
2.5 mg 15 (65.2) 51 (58.6) 0.742
5.0 mg 5 (21.8) 26 (29.9)
10 mg 3 (13.0) 10 (11.5)
Atorvastatin 4 (11.8) 31 (19.6)
5.0 mg 1(25.0) 5 (16.1) 0.608
10 mg 3 (75.0) 17 (54.9)
20 mg 0(0) 9 (29.0)
Pitavastatin 5(14.7) 35 (22.1)
1.0 mg 2 (40.0) 9 (25.7) 0.789
2.0 mg 3 (60.0) 22 (62.9)
4.0 mg 0(0) 4 (11.4)
Pravastatin 2 (5.9 5(3.2)
5.0 mg 2 (100) 4 (80.0) 0.714
10 mg 0 (0) 1(20.0)
ACE-| and/or ARB 27 (73.0) 107 (62.9) 0.247
Beta-blocker 22 (59.5) 100 (58.8) 0.943
EPA 6 (16.2) 20 (11.8) 0.308
Laboratory data at baseline
hsCRP, mg/dL 0.21+0.23 0.18+0.34 0.007
LDL-C, mg/dL 108.5+35.5 106.8+29.7 0.787
Laboratory data at follow-up OCT
hsCRP, mg/dL 0.32+0.72 0.07+0.09 <0.001
Creatinine, mg/dL 1.184+1.05 0.91+0.19 0.086
Continued
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Table 1. Continued

Variable NA* (n=37) NA~ (n=170) P Value
HbA1c, % 6.50+1.01 6.28+0.86 0.175
Total cholesterol, mg/dL 149.3+36.2 148.4+33.6 0.927
HDL-C, mg/dL 43.4+10.6 47.3+12.9 0.092
LDL-C, mg/dL 97.6+27.3 83.7+26.9 0.005
Triglyceride, mg/dL 143.94+87.0 | 134.9+72.1 0.509
cuc, A.U. 18.44+4.30 24.4+6.26 <0.001

The change of laboratory data (follow-up OCT—Dbaseline)
hsCRP, mg/dL 0.12+0.80 —0.11+£0.31 | 0.043
LDL-C, mg/dL —15.5+331 —23.7+£36.6 | 0.067

Lesion and stent characteristics at index procedure

Lesion location

Left anterior 19 (51.4) 90 (52.9) 0.229
descending artery
Left circumflex artery 3(8.1) 30 (17.6)
Right coronary artery 15 (40.5) 50 (29.5)
Type of stent
Bare-metal stent 7 (18.9) 21 (12.4) 0.166
Sirolimus-eluting stent | 6 (16.2) 13 (7.6)
Paclitaxel-eluting stent | 3 (8.1) 7 (4.1)
Biolimus-eluting stent 4 (10.8) 28 (16.5)
Everolimus-eluting 17 (46.0) 101 (59.4)
stent
Mean stent size, mm 3.12+0.31 3.09+0.40 0.619
Total stent length, mm | 24.2+9.17 23.8+6.97 0.914

Values are presented as means£SD or absolute numbers (%). ACE-l indicates
angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; A.U.,
arbitrary units; CUC, cholesterol-uptake capacity; EPA, eicosapentaenoic acid; HDL-C,
high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; LDL-C,
low-density lipoprotein cholesterol; NA, neoatherosclerosis; OCT, optical coherence
tomography.

HDL was functionally evaluated by measuring the CUC at the
time of follow-up OCT. Median duration between stent
implantation and follow-up OCT was 24.5 months.

Overall, NA was identified in 37 patients (NA™ group), and
the remaining 170 patients did not exhibit NA (NA™ group)
(Figure 3). In most of the NA" group patients, NA was
identified at the late phase (after 1 year but within 3 years;
n=13) and at the very late phase (beyond 3 years; n=21), but
NA was detected in 3 patients at the early phase (<1 year).
Incidence of TLR was significantly higher in the NA™ group
than in the NA™ group (Figure 4). With regard to patient
characteristics (Table 1), the duration between stent implan-
tation and follow-up OCT was significantly longer in the NA"
group than in the NA™ group. hsCRP levels at baseline, and
the hsCRP and low-density lipoprotein-cholesterol (LDL-C)
levels at follow-up OCT were significantly higher in the NA™

group than in the NA™ group. CUCs at follow-up OCT were
significantly lower in the NA" group than in the NA™ group
(NA™ versus NA™: 18.44-4.30 versus 24.4 + 6.26 arbitrary
units; P<0.001). The change in serum hsCRP levels was
greater in the NA" group than in the NA™ group. The 2 groups
showed no other statistically significant differences in base-
line patient and lesion characteristics.

In terms of OCT findings (Table 2), the minimum lumen and
stent areas did not differ significantly between groups.
However, the macrophage accumulation was significantly
higherin the NA" group than in the NA™ group. Other qualitative
OCT findings, such as the detection of a thin-cap fibroatheroma,
thrombus, peri-strut low-intensity area, and vasa vasorum, were
not significantly different between the 2 groups.

Clinical Risk Factors for NA

All patient and lesion characteristics were analyzed using uni-
and multivariate logistic regression analyses to clarify the risk
factors for NA (Table 3). A univariate analysis revealed that
the duration between stent implantation and follow-up OCT,
hsCRP, and LDL-C levels at follow-up OCT were positively
associated with NA, whereas CUC was negatively associated
with NA. Moreover, a multivariate logistic regression analysis
showed that increased hsCRP levels at follow-up OCT, LDL-C
levels at follow-up OCT, and decreased CUC were indepen-
dently associated with NA (Table 3). Based on the receiver
operating characteristic curve analysis, the optimal cut-off
value of CUC for the presence of NA was 20.89 arbitrary
units, with a sensitivity of 81.1% and a specificity of
70.0% (area under the curve, 0.784; 95% Cl, 0.710-0.859;
Figure 5).

Relationships Among CUC, NA, and TLR

CUC was lower in patients who suffered from TLR (n=27) than
in patients who did not (n=180; TLR" versus TLR™: 19.8+4.34

Table 2. OCT Findings

Variable NA" (n=37) NA™ (n=170) P Value
Minimum lumen area, mm? 4.32+1.75 4.64+1.82 0.395
Minimum stent area, mm? 6.13+2.02 6.09+2.20 0.926
Incomplete stent apposition 6 (16.2) 24 (14.1) 0.742
Thin-cap fibroatheroma 1(2.7) 0 (0.0 0.179
Macrophage accumulation 37 (100) 10 (5.9) <0.001
Thrombus 1(2.7) 2(1.2) 0.448
Peri-strut low-intensity area 2 (5.4) 26 (15.3) 0.111
Vasa vasorum 5 (13.5) 15 (8.8) 0.273

Values are presented as means+SD or absolute numbers (%). NA indicates
neoatherosclerosis; OCT, optical coherence tomography.
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Table 3. Uni- and Multivariate Logistic Regression Analysis of Clinical Parameters for Neoatherosclerosis

Univariate Multivariate
Variable OR 95% Cl P Value OR 95% Cl P Value
Age 1.017 0.979 to 1.057 0.392 1.015 0.966 to 1.066 0.564
Male 0.808 0.337 t0 1.938 0.634 0.523 0.172 to 1.588 0.253
Duration between stent 1.006 1.001 to 1.012 0.033 1.007 1.000 to 1.014 0.065
implantation and follow-up OCT
hsCRP at follow-up OCT 1.064 1.027 to 1.103 0.001 1.044 1.010 to 1.080 0.011
LDL-C at follow-up OCT 1.017 1.004 to 1.030 0.009 1.018 1.002 to 1.035 0.025
Cuc 0.814 0.749 to 0.886 <0.001 0.799 0.725 t0 0.879 <0.001

CUC indicates cholesterol-uptake capacity; hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; OCT, optical coherence tomography; OR, odds ratio.

versus 23.946.47 arbitrary units; P<0.001). To examine
potential risk factors for TLR, we evaluated the associations
among patient characteristics, local OCT findings, and TLR by
performing uni- and multivariate logistic regression analyses.
A univariate analysis revealed that the duration between stent
implantation and follow-up OCT and bare-metal stent use was
positively associated with TLR and that increased CUC was
negatively associated with TLR. A multivariate logistic regres-
sion analysis showed that CUC and bare-metal stent use were
independently associated with TLR (Table 4). With respect to
OCT findings, a univariate analysis revealed that the presence
of NA was positively associated with TLR. A multivariate
logistic regression analysis showed that the presence of NA
was the only finding independently associated with TLR
(Table 5). Furthermore, the CUC exhibited significant negative
associations with the lipid index and the macrophage grade in
patients presenting NA (Figure 6).

Subgroup Analysis of Patients Treated With
Drug-Eluting Stents

We conducted a subgroup analysis of patients treated with
drug-eluting stents (n=179, NA": n=30, NA™: n=149) by
excluding patients treated with bare-metal stents (n=28). In
this subgroup, the duration between stent implantation and
follow-up OCT was significantly longer in the NA™ group than
in the NA™ group. hsCRP levels at follow-up OCT were
significantly higher in the NA™ group than in the NA™ group.
CUC at follow-up OCT was significantly lower in the NA"
group than in the NA™ group (Table S1). In terms of OCT
findings, macrophage accumulation was significantly higher
in the NA" group than in the NA™ group (Table S2). A
univariate analysis revealed that the duration between stent
implantation and follow-up OCT, hsCRP were positively
associated with NA, whereas CUC was negatively associated
with NA. A multivariate logistic regression analysis showed

that duration between stent implantation and follow-up OCT,
increased hsCRP, and decreased CUC was independently
associated with NA (Table S3). Additionally, decreased CUC
and the presence of NA were independently associated with
TLR (TLR™: n=18, TLR™: n=161) in this subgroup (Tables S4
and S5).

Subgroup Analysis for Cases With Matched
Follow-up Durations

To adjust follow-up duration between the NA" and NA~
groups, we conducted a subgroup analysis of patients whose

10
08
% 06 T
=
[}
S
? 04+t
AUC: 0.784
027 95% CI: 0.710 - 0.859
0.0 + + + -
0.0 02 04 06 08 10
1 - Specificity

Figure 5. Receiver operating characteristic curve of the asso-
ciation between cholesterol-uptake capacity and neoatheroscle-
rosis. AUC indicates area under the curve.
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Table 4. Uni- and Multivariate Logistic Regression Analysis of Patient Characteristics for Target-Lesion Revascularization

Univariate Multivariate
Variable OR 95% Cl P Value OR 95% Cl P Value
Age 0.991 0.951 to 1.033 0.664 0.978 0.935 to 1.022 0.322
Male 1.388 0.451 to 4.271 0.568 1.204 0.363 to 3.993 0.762
Duration between stent 1.009 1.003 to 1.015 0.004 1.006 0.996 to 1.017 0.208
implantation and follow-up OCT
Cuc 0.889 0.823 1o 0.960 0.003 0.887 0.819 to 0.961 0.003
Bare-metal stent 4.237 1.670 to 10.75 0.002 4.211 1.601 to 11.08 0.004

CUC indicates cholesterol-uptake capacity; OCT, optical coherence tomography; OR, odds ratio.

follow-up period was between 1 and 5 years after stent
implantation (n=97, NA™: n=16, NA™: n=81). In this subgroup,
as observed using the full sample, hsCRP levels at follow-up
OCT were significantly higher in the NA" group than in the
NA™ group. CUC at follow-up OCT was significantly lower in
the NA™ group than in the NA™ group. Macrophage accumu-
lation was significantly higher in the NA™ group than in the
NA™ group. On the other hand, there was no significant
difference in follow-up duration between the NA™ and NA™
groups (27.1+10.9 versus 27.01+11.8, respectively; P=0.972;
Tables S6 and S7). Furthermore, increased hsCRP levels and
decreased CUC were independent risk factors for NA
(Table S8). Additionally, decreased CUC and the presence of
NA were independently associated with TLR (TLR™: n=8, TLR™:
n=89) in this subgroup (Tables S9 and S10).

Discussion

Numerous epidemiological studies have shown that a
decreased HDL-C level is a key risk factor for coronary artery
disease.?’** However, previous randomized studies have
failed to demonstrate the clinical efficacy of increasing
plasma HDL-C concentrations to reduce cardiovascular
events.?* Recently, the importance of HDL functionality has

become increasingly clear, particularly for development of
coronary artery disease. However, no study to date has
specifically evaluated the relationship between HDL-C and in-
stent NA, although HDL-C is an ideal agent for prevention of
the initiation and progression of in-stent NA because of to its
atheroprotective effects through its ability to efflux choles-
terol from plague macrophages, inhibit low-density lipoprotein
oxidation, reduce expression of cell adhesion molecules,
suppress chemokine expression, and reduce monocyte infil-
tration.?>2° Our study, for the first time, reveals the potential
relation between HDL functionality and NA in human long-
term OCT analysis. In addition, we demonstrated the relation
between not only CUC and NA, but also between CUC and
clinical outcome of TLR long term after stent implantation in a
large-scale OCT registry. Several key findings were obtained.
(1) A decreased CUC was independently associated with the
presence of NA (odds ratio, 0.799; P<0.001) in addition to
LDL-C and hsCRP, which have been reported as the risk
factors for NA. (2) CUC showed significant inverse relation-
ships with extent of NA and macrophage accumulation. (3) A
decreased CUC was an independent risk factor for TLR in
patients treated with coronary stents. (4) Detection of NA in
follow-up OCT images was independently associated with TLR.
(5) These findings were consistent, irrespective of stent type

Table 5. Uni- and Multivariate Logistic Regression Analysis of OCT Findings for Target-Lesion Revascularization

Univariate Multivariate
Variable OR 95% Cl P Value OR 95% Cl P Value
Minimum lumen area 0.760 0.556 to 1.039 0.086 0.653 0.412 to 1.037 0.071
Minimum stent area 0.955 0.778 0 1.172 0.660 1.212 0.845 10 1.738 0.297
Incomplete stent apposition 0.708 0.199 to 2.517 0.594 1.562 0.332 to 7.352 0.572
Neoatherosclerosis 13.60 5.480 to 33.75 <0.001 12.78 4.521 t0 36.12 <0.001
Peri-strut low-intensity area 0.775 0.217 to 2.766 0.695 0.857 0.151 to 4.862 0.862
Vasa vasorum 1.783 0.548 to 5.798 0.337 1.241 0.235 to 6.564 0.799

OCT indicates optical coherence tomography; OR, odds ratio.
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(bare-metal stents or drug-eluting stents) and follow-up
duration.

HDL has various cardioprotective functions; for example,
HDL mediates reverse cholesterol transport and exerts anti-
inflammatory and -oxidative effects.?””?® Reverse cholesterol
transport by cholesterol efflux from macrophages is regarded
as one of the primary HDL functions that protects against
atherosclerosis. The current standard index for assessing
HDL functionality is cholesterol-efflux capacity, which is
inversely related to incidence of cardiovascular events in
population-based studies.”® It improves the prediction of
cardiovascular disease risk beyond that using conventional
risk factors.’ So, as an alternative, we have developed the
CUC assay, a novel plate-assay system for assessing the CUC
of HDL without using radioisotopes or cells. A recent
validation study demonstrated the high reproducibility (coef-
ficient of variation, 0.3—7.0%) and short processing time
(<6 hour) of the assay as well as a significant correlation with
the cholesterol-efflux capacity using apoB-depleted serum
from human serum samples (n=30; r*=0.47; P<0.001)."°
Therefore, we propose that CUC can serve as a useful
alternative functional index for evaluating the capacity of HDL
to accept additional cholesterol.

In this study, we demonstrated that a decreased CUC is an
independent risk factor for NA and TLR after stent implan-
tation. Moreover, CUC remained statistically significant in a
multivariate analysis, suggesting that the functional evaluation
of HDL is important for risk stratification of patients treated

with coronary stents. Although drug-eluting stents markedly
reduce the incidence of mid-term TLR, in-stent restenosis
requiring TLR still occurs and remains an issue, particularly
during the long-term follow-up of patients treated with
coronary stents. Based on a recent postmortem study, one
of the primary mechanisms underlying this adverse clinical
event is NA progression within the neointima. Recently, high-
resolution OCT imaging has enabled the in vivo detection of
NA. We have demonstrated that presence of OCT-detected NA
is a significant risk factor for TLR occurrence and major
adverse cardiac events during a mean follow-up of
4.24+2.31 years after stenting.®> Consistent with these
previous findings, the results of this study showed that
presence of NA is significantly associated with an increased
incidence of TLR. Moreover, we found that in addition to
increased LDL-C and hsCRP levels, a decreased CUC was
positively and independently associated with presence of NA.
Although the detailed mechanisms are unclear, we believe
that the reverse cholesterol transport mediated by HDL by
cholesterol efflux from macrophages plays a central role in
the relationships among decreased CUC, NA, and TLR. LDL-C
accumulation in the arterial wall is generally regarded as the
initial step of atherosclerosis. The positive association
between an increased LDL-C and lipid index observed here
are in accord with this view. Accumulated LDL-C is then
oxidized, which promotes the differentiation of monocytes
into macrophages, and the macrophages take up the modified
LDL-C using scavenger receptors, followed by transformation
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Figure 6. Statistical correlation between (A) cholesterol-uptake capacity (CUC) and lipid index and (B) CUC and macrophage grade. A.U.

indicates arbitrary units.
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into lipid-filled foam cells, a hallmark of the initial stage of
atherosclerosis. Conversely, HDL opposes this process by
removing excess lipids from macrophages.®??° Therefore,
when HDL function declines, accumulation of foam cells
proceeds, which can be detected by OCT. Accordingly, a
significant negative relationship was detected between longi-
tudinal extent of NA (assessed using the lipid index) and CUC.
Moreover, a detailed OCT examination revealed a significant
negative association between CUC and macrophage grade.
Recent studies reported that removal of cholesterol from the
plasma membrane by HDL might modulate the proinflamma-
tory properties of macrophages. Furthermore, it has been
reported that lipid rafts are cholesterol-rich membrane
microdomains and function as platforms for signal transduc-
tion, so disorganization of lipid rafts on macrophages can lead
to attenuation of their inflammatory activation.3"%2 Therefore,
we currently consider that dysfunction of cholesterol efflux
from macrophage caused by impaired HDL functionality leads
to weakening of the anti-inflammatory effect and contributes
to occurrence of NA in patients treated with coronary stents.
Unfortunately, we cannot find the improvement method of
HDL functionality yet, and it is one of the important future
aims of our study. However, our results extend these previous
findings to patients treated with coronary stents and suggest
that decreased CUC could affect atherosclerotic progression
within the neointima. Furthermore, we can measure CUC in a
relatively short time, leading to the discovery of patients with
the risk of occurrence of NA and residual risk for TLR. We
believe that more-active secondary prevention will lead to
improved outcomes.

Our study had various limitations. First, this was a single-
center, nonrandomized study with a limited sample size. Thus,
a potential risk of patient-selection bias exists. Especially,
potential impact of age and sex on our results remain
uncertain. Although we performed a multivariate analysis,
there was insufficient power to detect independent predictors
for TLR owing to the limited sample size. Thus, we performed
a receiver operating characteristic curve analysis to determine
the predictability of the presence of NA based on CUC.
Additionally, we performed a subgroup analysis to exclude the
impact of bare-metal stents and the difference in follow-up
duration. We found consistent associations among a
decreased CUC, NA, and TLR, even in these subgroups.
Second, we excluded patients for whom OCT examination was
performed <6 months after stenting owing to insufficient
neointimal proliferation for assessing atherogenic changes at
this early stage. Therefore, our data were limited to evaluation
of the association between CUC and OCT findings in the mid-
to-late phase after stenting (>6 months). Moreover, because
it takes a certain period of time from stent implantation to NA
occurrence,? it is difficult to confirm that the patients in the
NA™ arm by early-phase OCT could have been diagnosed if

the follow-up OCT was done at a later time. Third, we did not
validate the OCT findings with histological findings; therefore,
the regions identified as NA were not confirmed to contain
atherosclerotic changes and to be within the neointima.
However, because previous pathological studies have clearly
demonstrated that OCT exhibits high diagnostic accuracy for
detection of lipidic components,? we believe that our findings
provide valuable information. Fourth, given that this is an
experimental observational study, it is difficult to identify the
underlying mechanisms of four findings. Further study is
required to elucidate the underlying mechanisms of our
findings. Finally, although we found a significant relation
among CUC, NA, and TLR, we still do not know whether CUC
truly regulates TLR. A prospective, randomized study is
warranted to see whether improving CUC can truly reduce TLR.

In conclusion, impaired HDL functionality, which promotes
cholesterol efflux from macrophages, evaluated based on a
decreased CUC, was independently associated with NA and
TLR. A larger-scale, prospective, randomized study is war-
ranted to further clarify whether improving CUC can truly
regulate TLR. Also, identification of the underlying mechanism
of these associations is warranted.
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Table S1. Baseline Patient and Lesion Characteristics in a Subgroup of 179 Patients

Treated with Drug-eluting Stents.

Variable NA NAZ P
(n =30) (n =149)
Clinical characteristics at follow-up
OCT
Age (years) 70.7+9.56  69.6+9.77 0.567
Male 24 (80.0) 123 (82.6) 0.739
Duration between stent implantation and
follow-up OCT (months) 50.3 £ 36.0 27.8 £26.2 0.001
Diabetes mellitus 18 (60.0) 68 (45.6) 0.151
Hypertension 22 (73.3) 119 (79.9) 0.425
Dyslipidemia 29 (96.7) 138 (92.6) 0.369
Smoking 16 (53.3) 80 (53.7) 0.971
Hemodialysis 1(3.3) 4 (2.7) 0.605
Angina status 0.6M
Stable angina pectoris 20 (66.7) 92 (61.7)
Unstable angina pectoris or
acute coronary syndrome 10(33.3) 57(383)
Medication at follow-up OCT
Dual anti-platelet therapy 18 (60.0) 109 (73.2) 0.148
Statin 29 (96.7) 138 (92.6) 0.369
ACE-| and/or ARB 23 (76.7) 95 (63.8) 0.174
Beta-blocker 18 (60.0) 87 (58.4) 0.870
EPA 5(16.7) 13 (8.7) 0.160
Laboratory data at follow-up OCT
hs CRP (mg/dL) 0.16 £+ 0.14 0.07 £ 0.10 0.001
Creatinine (mg/dL) 1.14 £1.03 0.90 £ 0.19 0.056
HbA1c (%) 6.71+1.30 6.22 + 0.83 0.057
Total-cholesterol (mg/dL) 1442 +296 148.7+34.4 0.505
HDL-C (mg/dL) 44.4 +10.7 47.7 £13.2 0.213
LDL-C (mg/dL) 93.1+20.9 83.8 +£25.9 0.065



Triglyceride (mg/dL) 128.2+69.6 1352+72.2 0.628

CuUC (A.U.) 18.4 +4.16 24.5+6.37 < 0.001
Lesion and stent characteristics at
index procedure

Lesion location 0.170
Left anterior descending artery 15 (50.0) 78 (52.3)

Left circumflex artery 2(6.7) 27 (18.1)
Right coronary artery 13 (43.3) 44 (29.6)

Type of stent 0.141
Sirolimus-eluting stent 6 (20.0) 13 (8.7)
Paclitaxel-eluting stent 3 (10.0) 7(4.7)
Biolimus-eluting stent 4 (13.3) 28 (18.8)
Everolimus-eluting stent 17 (56.7) 101 (67.8)

Mean stent size (mm) 3.11+0.31 3.07£0.38 0.577
Total stent length (mm) 24.2 + 8.86 23.9+£7.02 0.872

NA: neoatherosclerosis; OCT: optical coherence tomography; ACE-Il: angiotensin
converting enzyme-inhibitor; ARB: angiotensin Il receptor blocker; EPA: eicosapentaenoic
acid; hs CRP: high-sensitivity C-reactive protein; HDL-C: high-density lipoprotein-
cholesterol; LDL-C: low-density lipoprotein-cholesterol; CUC: cholesterol-uptake capacity.

Values are presented as means + SD or absolute numbers (%).



Table S2. OCT Findings in a Subgroup of 179 Patients Treated with Drug-eluting Stents.

_ NA+ NA-
Variable P
(n=30) (n=149)

Minimum lumen area (mm?) 432+1.75 465+ 1.76 0.411
Minimum stent area (mm?) 6.20 + 1.82 5.87 +1.92 0.422
Incomplete stent apposition 6 (20.0) 22 (14.8) 0.316
Thin-cap fibroatheroma 1(3.3) 0 (0.0) 0.168
Macrophage accumulation 30 (100) 8 (5.4) < 0.001
Thrombus 1(3.3) 2(1.3) 0.425
Peri-strut low-intensity area 2(6.7) 25 (16.8) 0.125
Vasa vasorum 4 (13.3) 11 (7.4) 0.228

NA: neoatherosclerosis.

Values are presented as means + SD or absolute numbers (%).



Table S3. Univariate and Multivariate Logistic Regression Analysis of Clinical

Parameters for Neoatherosclerosis in a Subgroup of 179 Patients Treated with Drug-

eluting Stents.

Univariate Multivariate

Variable

OR 95% CI P OR 95% CI P
Age 1.012 0.971-1.055 0.565 1.014 0.959-1.071 0.632
Male 0.846 0.314-2.275 0.740 0.464 0.134-1.604 0.225
Duration between stent
implantation and follow-up  1.022 1.010-1.034 < 0.001 1.033 1.017-1.050 < 0.001
OCT
hs CRP 1.062 1.023-1.102 < 0.001 1.046 1.010-1.083 0.012
LDL-C 1.013 0.999-1.029 0.076 1.020 0.999-1.041 0.067
CucC 0.820 0.749-0.896 < 0.001 0.781 0.699-0.873 < 0.001

OCT: optical coherence tomography; hs CRP: high-sensitivity C-reactive protein; LDL-C: low-

density lipoprotein-cholesterol; CUC: cholesterol-uptake capacity; OR: odds ratio; Cl: confidence

interval.



Table S4. Univariate and Multivariate Logistic Regression Analysis of Patient

Characteristics for Target-Lesion Revascularization in a Subgroup of 179 Patients

Treated with Drug-eluting Stents.

Univariate Multivariate

Variable

OR 95% CI P OR 95% CI P
Age 0.981 0.935-1.029 0.436 0.959 0.907-1.014 0.139
Male 1.098 0.298-4.043 0.888 0.879 0.208-3.709 0.861
Duration between stent
implantation and follow-up  1.022 1.008-1.035 0.002 1.026 1.011-1.041 0.001
OCT
CcucC 0.881 0.803-0.966 0.007 0.854 0.769-0.947 0.003
Everolimus-eluting stent 0.295 0.108-0.805 0.017 0.592 0.176-1.986 0.396

OCT: optical coherence tomography; CUC: cholesterol-uptake capacity; OR: odds ratio; CI:

confidence interval.



Table S5. Univariate and Multivariate Logistic Regression Analysis of OCT Findings for

Target-Lesion Revascularization in a Subgroup of 179 Patients Treated with Drug-

eluting Stents.

Univariate Multivariate
Variable
OR 95% ClI P OR 95% ClI P

Minimum lumen area 0.695 0.446-1.083 0.108 0.596 0.305-1.164 0.129
Minimum stent area 0.974 0.735-1.292 0.857 1.288 0.677-2.450 0.441
Incomplete stent apposition 0.649 0.141-2.994 0.579 1.762 0.229-13.57 0.587
Neoatherosclerosis 22.02 6.992-69.37 < 0.001 27.05 6.434-113.7 <0.001
Peri-strut low-intensity area 0.680 0.147-3.142 0.621 0.489 0.037-6.496 0.587
Vasa vasorum 2483 0.630-9.793 0.194  2.247 0.226-22.31 0.489

OR: odds ratio; Cl: confidence interval.



Table S6. Baseline Patient and Lesion Characteristics in a Subgroup of 97 Patients
Whose Follow-up Period was Between 1 year and 5 Years After Stent Implantation.

) NA+ NA-
Variable P
(n=16) (n=81)
Clinical characteristics at follow-up
OCT
Age (years) 70.5+9.70 69.5 + 9.09 0.701
Male 14 (87.5) 65 (80.2) 0.390
Duration between stent implantation
27.1£10.9 27.0+11.8 0.972
and follow-up OCT (months)
Diabetes mellitus 9 (56.3) 45 (55.6) 0.959
Hypertension 12 (75.0) 67 (82.7) 0.339
Dyslipidemia 16 (100) 74 (91.4) 0.271
Smoking 10 (62.5) 43 (53.1) 0.489
Hemodialysis 1 (6.3) 0 (0) 0.165
Angina status 0.226
Stable angina pectoris 13 (81.2) 55 (67.9)
Unstable angina pectoris or
3(18.8) 26 (32.1)
acute coronary syndrome
Medication at follow-up OCT
Dual anti-platelet therapy 9 (56.3) 52 (64.2) 0.548
Statin 16 (100) 74 (91.4) 0.271
ACE-Il and/or ARB 13 (81.3) 53 (65.4) 0.215
Beta-blocker 10 (62.5) 40 (49.4) 0.337
EPA 1(6.3) 6 (7.4) 0.675
Laboratory data at follow-up OCT
hs CRP (mg/dL) 0.16 £ 0.14 0.07 £ 0.05 <0.001
Creatinine (mg/dL) 1.31+£1.39 0.92+0.21 0.286
HbAlc (%) 6.49 £ 1.03 6.34 £ 0.87 0.534
Total-cholesterol (mg/dL) 139.4 +18.0 148.7+31.4 0.259
HDL-C (mg/dL) 42.9 £9.45 48.4 +13.9 0.134

LDL-C (mg/dL) 87.5+19.5 83.7+225 0.534



Triglyceride (mg/dL) 122.9 + 59.0 142.1 + 80.3 0.367
CUC (A.U) 16.9 + 3.31 24.8 + 6.58 <0.001

Lesion and stent characteristics at
index procedure

Lesion location 0.031
Left anterior descending artery 5(31.2) 47 (58.0)

Left circumflex artery 1(6.3) 11 (13.6)
Right coronary artery 10 (62.5) 23 (28.4)

Type of stent 0.782
Bare-metal stent 0 (0) 2 (2.5)
Sirolimus-eluting stent 0 (0) 3(3.7)
Paclitaxel-eluting stent 1(6.3) 2 (2.5)

Biolimus-eluting stent 3(18.7) 20 (24.7)
Everolimus-eluting stent 12 (75.0) 54 (66.6)
Mean stent size (mm) 3.15+£0.28 3.03+£0.38 0.163
Total stent length (mm) 23.7+10.2 24.2 +7.55 0.582

NA: neoatherosclerosis; OCT: optical coherence tomography; ACE-I: angiotensin
converting enzyme-inhibitor; ARB: angiotensin Il receptor blocker; EPA: eicosapentaenoic
acid; hs CRP: high-sensitivity C-reactive protein; HDL-C: high-density lipoprotein-
cholesterol; LDL-C: low-density lipoprotein-cholesterol; CUC: cholesterol-uptake capacity.

Values are presented as means + SD or absolute numbers (%).



Table S7. OCT Findings in a Subgroup of 97 Patients whose Follow-up Period was

Between 1 year and 5 years after Stent Implantation.

_ NA+ NA-
Variable P
(n=16) (n=181)

Minimum lumen area (mm?) 476 £1.81 4.60+1.73 0.761
Minimum stent area (mm?) 6.37 £ 1.68 5.71+2.06 0.159
Incomplete stent apposition 4 (25.0) 13 (16.0) 0.295
Macrophage accumulation 16 (100) 3(3.7) <0.001
Thrombus 1(6.3) 1(1.2) 0.304
Peri-strut low-intensity area 2 (12.5) 11 (13.6) 0.635
Vasa vasorum 3(18.8) 7 (8.6) 0.212

NA: neoatherosclerosis.

Values are presented as means + SD or absolute numbers (%).



Table S8. Univariate and Multivariate Logistic Regression Analysis of Clinical
Parameters for Neoatherosclerosis in a Subgroup of 97 Patients Whose Follow-up
Period was Between 1 Year and 5 Years After Stent Implantation.

Univariate Multivariate
Variable
OR 95% CI P OR 95% CI P
Age 1.012 0.953-1.074 0.697 1.089 0.971-1.222 0.145
Male 1.723 0.355-8.360 0.500 1.032 0.121-8.826 0.977

Duration between stent
implantation and follow-up  1.001 0.956-1.048 0.971 1.012 0.878-1.167 0.867
OCT

hs CRP 1.136 1.048-1.232 0.002 1.163 1.038-1.303  0.009
LDL-C 1.008 0.983-1.033 0.529 1.017 0.981-1.054  0.364
cucC 0.745 0.639-0.870 < 0.001 0.742 0.631-0.873 <0.001
Right coronary artery 1.200 0.394-3.651 0.748 3.544 0.074-169.7 0.521

OCT: optical coherence tomography; hs CRP: high-sensitivity C-reactive protein; LDL-C: low-
density lipoprotein-cholesterol; CUC: cholesterol-uptake capacity; OR: odds ratio; Cl: confidence
interval.



Table S9. Univariate and Multivariate Logistic Regression Analysis of Patient

Characteristics for Target-Lesion Revascularization in a Subgroup of 97 Patients Whose

Follow-up Period was Between 1 Year and 5 Years After Stent Implantation.

Univariate Multivariate

Variable

OR 95% CI P OR 95% CI P
Age 0.945 0.874-1.022 0.159 0.955 0.877-1.040 0.293
Male 0.658 0.121-3.561 0.627 0.566 0.083-3.880 0.562
Duration between stent
implantation and follow-up  0.993 0.931-1.059 0.841 1.014 0.949-1.083 0.685
OCT
CcucC 0.832 0.716-0.968 0.017 0.832 0.716-0.968 0.017
Everolimus-eluting stent 0.435 0.101-1.871 0.264 2.233 0.354-14.10 0.339

OCT: optical coherence tomography; CUC: cholesterol-uptake capacity; OR: odds ratio; CI:

confidence interval.



Table S10. Univariate and Multivariate Logistic Regression Analysis of OCT Findings
for Target-Lesion Revascularization in a Subgroup of 97 Patients Whose Follow-up
Period was Between 1 Year and 5 Years After Stent Implantation.

Univariate Multivariate
Variable
OR 95% CI P OR 95% CI P
Minimum lumen area 0.851 0.532-1.360 0.499 1.061 0.378-2.976 0.910
Minimum stent area 0.874 0.574-1.329 0.528 0.893 0.325-2.449 0.826
Neoatherosclerosis 23.70 4.201-133.7 < 0.001 21.90 3.877-123.7 <0.001

Peri-strut low-intensity area 4.740 0.981-22.90 0.053 2482 0.386-15.98 0.399

OR: odds ratio; Cl: confidence interval.



