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Abstract

Aims: We aimed to assess the effect of 10 mg/day of rosuvastatin plus eicosapentaenoic acid (EPA) versus

KEYWORDS

2.5 mg/day of rosuvastatin on the extent of neoatherosclerosis using optical coherence tomography (OCT).
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Methods and results: We randomly assigned 50 patients with non-obstructive neoatherosclerotic plaques
detected on OCT to receive either rosuvastatin 10 mg/day and EPA 1,800 mg/day (intensive therapy group)
or rosuvastatin 2.5 mg (standard therapy group). Follow-up OCT was performed one year later to evaluate
serial changes in neoatherosclerosis. The serum low-density lipoprotein cholesterol (LDL-C) level decreased
significantly from baseline to 12-month follow-up in the intensive therapy group (89 mg/dL to 70 mg/dL;
p<0.001), while no change occurred in the standard therapy group. Lipid index change and percent changes
in macrophage grade were significantly lower in the intensive therapy group than in the standard therapy
group (-53.6 vs 310.1, p=0.001; -37.0% vs 35.3%, p<0.001; respectively). Percent changes in lipid index
and macrophage grade were positively correlated with the changes in serum LDL-C and C-reactive protein
levels, and negatively correlated with the change in serum EPA/arachidonic acid and 18-hydroxyeicosapen-
taenoic acid (EPA bioactive metabolite) level.

Conclusions: Compared with rosuvastatin 2.5 mg/day, rosuvastatin 10 mg/day and EPA 1,800 mg/day
significantly stabilised non-obstructive neoatherosclerotic plaques. Clinical Trial Registration: UMIN ID:
UMINO000012576. https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000014711
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Abbreviations

CRP C-reactive protein

DES drug-eluting stent

EPA eicosapentaenoic acid

EPA/AA cicosapentaenoic acid/arachidonic acid
HEPE hydroxyeicosapentaenoic acid

IGR interquartile range

LDL-C  low-density lipoprotein cholesterol
ocT optical coherence tomography

TLR target lesion revascularisation

Introduction
Recent evidence suggests the potential contribution of athero-
matous changes within the neointima, namely neoatherosclero-
sis, to late stent thrombosis and delayed restenosis occurring after
stent implantation'. The association between neoatherosclerosis and
low-density lipoprotein cholesterol (LDL-C) level remains contro-
versial. However, a retrospective observational optical coherence
tomography (OCT) study which we conducted implied that patients
with neoatherosclerosis identified by OCT are at high risk for late-
phase clinical events, and that high LDL-C and C-reactive protein
(CRP) levels may be independent determinants of neoatherosclero-
sis progression’.

Although previous human observational studies have implied
a potential benefit of statin and eicosapentaenoic acid (EPA) therapy
to late-phase (>1 year) stent failure prevention after coronary stent
deployment’, there has been no prospective study investigating the
efficacy of statin and EPA therapy on in-stent neoatherosclerosis.
Accordingly, we designed the LINK-IT Trial (Leslonal evaluatioN
of high-risK patlents with neoatherosclerosis Treated with rosuva-
statin and eicosapentaenoic acid), a prospective, randomised OCT
study to assess the effect of 10 mg/day of rosuvastatin plus EPA ver-
sus 2.5 mg/day of rosuvastatin on the extent of neoatherosclerosis.

Methods

STUDY DESIGN AND PATIENT POPULATION

The LINK-IT Trial is a prospective, randomised, open-label par-
allel group, single-centre study using OCT to compare in-stent
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neoatherosclerosis lipid index changes associated with combined
treatment with moderate dose rosuvastatin (10 mg/day: the highest
dose approved for ordinary use by the Ministry of Health, Labor and
Welfare of Japan) and EPA versus standard dose (2.5 mg/day) rosu-
vastatin for 12 months. In the present study, we enrolled patients
who were detected as having neoatherosclerosis by OCT among
patients who registered for the Kobe University Hospital OCT reg-
istry (Supplementary Appendix 1). The study was approved by our
institutional review board and all patients gave written informed

consent before enrolment.

RANDOMISATION AND INTERVENTION

Within the 24 hours following the baseline OCT examination,
patients were randomly assigned to either 10 mg/day of rosuva-
statin with 1,800 mg of EPA or 2.5 mg/day of rosuvastatin mono-
therapy. Randomisation was stratified by a web response system.
The investigators who analysed the OCT findings were masked to
the allocation.

PROCEDURES

We evaluated serum lipid levels and inflammatory markers and per-
formed OCT examinations at baseline and at a 12-month follow-
up?. Offline OCT analysis was performed using dedicated software
(LightLab Imaging Inc., Westford, MA, USA). Neoatherosclerosis
was defined as lesions with lipid-laden neointima, neointima with
calcification, a thin-cap fibroatheroma-like neointima, or neointi-
mal rupture (Figure 1)2. Lipid index was calculated as previously
reported*. Macrophage accumulation was defined as confluent or
punctate highly backscattering focal regions in the artery wall’.
We also performed macrophage grading as previously described”.
Fibrous cap was identified as a signal-rich band overlying the
lipid, and fibrous cap thickness was measured for each lesion®.
Lipid index and macrophage grade were determined by two inde-
pendent observers (K. Kuroda and Y. Nagano) in order to deter-
mine the interobserver variability. One investigator (K. Kuroda)
performed a repeat analysis three months after the first to analyse
the intraobserver variability. For the above measurements, detailed
OCT analysis is shown in Supplementary Appendix 1.
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Figure 1. Representative optical coherence tomography images of neoatherosclerosis. A) Lipid-laden neointima (arrows). B) Neointima with

calcification (arrow).



ENDPOINTS

The primary endpoint of the LINK-IT Trial was the change in
lipid index between baseline and 12-month follow-up, as evalu-
ated by OCT. The secondary endpoints included: 1) percent
changes in lipid index and macrophage grade, and 2) percent
changes in minimum fibrous cap thickness between baseline
and the 12-month follow-up. Clinical events were independently
evaluated by an investigator who was blinded to treatment assign-
ments (Supplementary Appendix 1).

STATISTICAL ANALYSIS

Statistical analyses were conducted using SPSS software, Version
24 (IBM Corp., Armonk, NY, USA). As there are no previous
reports on the effect of EPA and moderate-dose statin on the amount
of neoatherosclerosis using OCT, we based our statistical analysis
on the effect of EPA and moderate-dose statin on de novo athero-
sclerosis®. The sample size was calculated based on the assumption
that the average difference in lipid index change between the groups
from baseline to the 12-month follow-up was 81.5 in 30 patients.
The standard deviation of lipid index growth distribution for either
group was assumed to be 85.1°. For a two-sided alpha level of 0.05
and a power of 80%, 17 patients were required in each group. The
sample size was increased to 25 patients per group to accommodate
a 15% maximum for non-parametric testing and 20% for possible
missing studies or withdrawals. Qualitative data are presented with
frequencies and quantitative data are shown as medians and inter-
quartile ranges (IQR). Categorical variables were compared using
the chi-square or Fisher’s exact test (for an expected cell value <5)
and are presented as frequencies. Continuous variables were com-
pared using the Mann-Whitney U test (between-group comparison)
or Wilcoxon signed-rank test (if variables were compared between
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the baseline and 12-month follow-up) and are presented as medi-
ans and IQR. The reproducibility of lipid index and macrophage
grade assessments was analysed using Bland-Altman testing. Linear
mixed effects models were used to explore the influence of differ-
ent variables on the percent change of lipid index and to adjust for
covariates. Univariate analysis was performed first, and all variables
that were statistically significant at p<0.2 were entered into the mul-
tivariate model, along with type of stent, dose of rosuvastatin, use
of EPA and duration between index PCI and baseline OCT as addi-

tional covariates.

Results

TRIAL PROFILE

Among 262 registered patients between December 2013 and April
2016, neoatherosclerosis was detected in 66 patients. In cases of
silent myocardial ischaemia, stable angina, or acute coronary syn-
drome, we included non-culprit lesions with stent implantation
for this study. We excluded 16 patients - three patients in whom
follow-up OCT imaging was performed <12 months after initial
stent implantation, six patients whose percent diameter stenosis by
coronary angiography was >50%, five patients who were previ-
ously treated with over 2.5 mg/day of rosuvastatin or another sta-
tin or EPA, and two patients who refused to consent. Finally, we
included 50 patients with neoatherosclerosis detected by follow-
up OCT more than one year after stent implantation and without
significant angiographic stenosis (Figure 2).

PATIENT AND LESION CHARACTERISTICS

Among the 50 enrolled patients, two were excluded (incomplete
OCT examination, n=1; refusal of the 12-month OCT procedure,
n=1), leaving 48 patients with successful baseline and follow-up
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—0CT was performed <12 months after stent implantation (n=3)

— in-stent diameter stenosis percentage was >50% (n=>6)

— previously treated with over 2.5 mg/day of rosuvastatin or
another statin or EPA (n=5)

v - refused to consent (n=2)

| 50 patients enrolled and randomised |
|

v

Intensive therapy group
10 mg/day of rosuvastatin with
1,800 mg/day of eicosapentaenoic acid (n=25)
¥ Follow-up ¥
Excluded due to incomplete Refusal of the 12-month
OCT examination (n=1) OCT procedure (n=1)
¥ Analysis v
Serial OCT examination completed Serial OCT examination completed
at baseline and 12 months (n=24) at baseline and 12 months (n=24)

}

Standard therapy group
2.5 mg/day of rosuvastatin (n=25)

Allocation

Figure 2. Study population.
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OCT examinations (24 patients in each group (Figure 2). There
were no significant between-group differences in baseline patient
characteristics, lesion characteristics, or concomitant medications
(Table 1, Supplementary Table 1).

LABORATORY RESULTS

Table 2 summarises the laboratory results. There were no signi-
ficant differences between the two groups in baseline laboratory
data. Serum total cholesterol, LDL-C, and CRP levels decreased
significantly in the intensive therapy group. No significant
changes occurred in the standard therapy group. The decrease
in serum LDL-C and CRP level was significantly greater in the
intensive therapy group than in the standard therapy group. In the
n-3 polyunsaturated fatty acid metabolites, serum EPA/arachidonic
acid (EPA/AA), and 18-HEPE levels increased significantly in the
intensive therapy group. Changes in EPA, EPA/AA, and 18-HEPE
level were significantly greater in the intensive therapy group than
in the standard therapy group.

OCT FINDINGS

Table 3 summarises the quantitative OCT findings. One patient
had neointima with calcification in the standard therapy group
and the other patients had lipid-laden neointima. There were no
patients with plaque ruptures or thrombi. In the intensive therapy
group, the lipid index did not change significantly (p=0.46) but
did increase significantly in the standard therapy group (p<0.001).
The lipid index change was significantly lower in the intensive
therapy group than in the standard therapy group (p=0.001). The
macrophage grade decreased significantly in the intensive ther-
apy group but increased in the standard therapy group. Percent
changes in the lipid index and macrophage grade were signi-
ficantly lower in the intensive therapy group than in the standard
therapy group (Figure 3). The fibrous cap thickness did not change
significantly in the standard therapy group, while it significantly
increased in the intensive therapy group. Representative OCT
images are shown in Figure 4. In the intensive therapy group, the
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Figure 3. Percent changes in lipid index and macrophage grade.

Table 1. Baseline clinical characteristics.

Intensive Standard

Variable therapy (n=24) | therapy (n=24

) p-value

Clinical characteristics

Age, years 71 (68-79) 75 (70-80) 0.13
Male 20 (83.3) 19 (79.2) 0.50
Diabetes mellitus 14 (58.3) 10 (41.7) 0.25
Hypertension 18 (75.0) 18 (75.0) 0.63
Dyslipidaemia 22 (91.7) 19 (79.2) 0.21
Smoking history 14 (58.3) 13 (54.2) 0.77

Haemodialysis 1(4.2) 2 (8.3) 0.50

Angina status

Routine follow-up 10 (41.7) 12 (50.0)
Stable AP 7 (29.2) 8 (33.3) 0.66
Unstable/acute 7(29.2) 4(16.7)

coronary syndrome

Aspirin 24 (100) 24 (100) 1.00
Ticlopidine 1(4.2) 1(4.2) 0.76
Clopidogrel 14 (58.3) 11 (45.8) 0.28
Prasugrel 2(8.3) 4 (16.7) 0.33

Rosuvastatin (<2.5 mg) 13 (54.2) 14 (58.3) 0.50

Lesion location

LAD 8(33.3) 12 (50.0)

LCX 2(8.3) 4(16.7) 0.29
RCA 14 (58.3) 8(33.3)

Bare metal stent 5(20.8) 2(8.3)
Sirolimus-eluting stent 7 (29.2) 5(20.8) e
Paclitaxel-eluting stent 3(12.5) 3(12.5)
Everolimus-eluting stent 9 (37.5) 14 (58.3)

3.13(3.0-3.5) | 3.0(3.0-3.5) | 0.79
28 (18-33) 28 (20-40) 0.27

Mean stent size, mm

Total stent length, mm

Follow-up duration

Duration between index

: 67.9 57.4
PCl and baseline OCT, | 45 1.1076) | (32.7-86.0) | 020
months
Duration between

i 12.8 12.9
baseline OCT and (11.7-13.4) | (11.3-14.0) | %72

follow-up OCT, months

Values are presented as median (interquartile range) or absolute
numbers (%). LAD: left anterior descending artery; LCX: left circumflex
artery; OCT: optical coherence tomography; PCI: percutaneous coronary
intervention; RCA: right coronary artery

minimum lumen area and percentage of neointimal area did not
change significantly. However, in the standard therapy group, the
minimum lumen area was significantly reduced and the percentage
of neointimal area significantly increased. There was significantly
less change in the average neointimal thickness in the intensive
therapy group than in the standard therapy group (Table 3).



Table 2. Blood tests at baseline and at 12-month follow-up.

Variables

Baseline

Intensive therapy (n=24)

Follow-up

Nominal
change

p-value
compared

with baseline

Rosuvastatin and EPA on neoatherosclerosis

Baseline

Standard therapy (n=24)

Follow-up

Nominal
change

p-value
compared
with baseline

LDL-C, mg/dL 89 (78t0 110) 70 (60 to 79) —20 (-35t0—7) <0.001 89 (70 to 104) 82 (66 to 103)* 0 (1510 20)* 0.63
HDL-C, mg/dL 47 (42 to 54) 46 (37 to 52) -2 (—4t03) 0.34 45 (40 to 52) 43 (37 to 55) —1(-5t04) 0.48
Triglyceride, mg/dL 134 (99 to 168) 127 (92 to 165) | —12 (-34 to 18) 0.24 121 (83 to 162) 120 (96 to 151) 1 (-25t022) 0.95
CRP, mg/dL 0.06 0.04 -0.02 0.003 0.07 0.13 0.05 0.14

(0.03t0 0.18) (0.03t00.1) (—=0.09t0 0) ' (0.03t00.13) (0.06t00.29) * | (-0.04t00.15)* '
HbAlc, % 6.6(5.9t07.4) 6.7 (6.0t07.8) 0.1(=0.2t00.5) 0.61 6.2 (5.7t07.0) 6.3(5.8t06.9) 0(-0.1t00.2) 0.23
EPA, pg/mL 124 (70 to 159) 242 (17210 328) | 142 (44 to 202) 0.13 95 (56 to 147) 140 (93 to 162)* 14 (-4 to 66)* 0.38
EPA/AA 0.40 0.72 0.30 0.007 0.41 0.44 —-0.04 0.69

(0.25 to0 0.68) (0.49 t0 0.95) (0.00 to 0.55) ' (0.27 t0 0.59) (0.19t0 0.63)* (—0.28 t0 0.16)* '
18-HEPE, pg/mL 21 (1810 37) 108 (46 to 169) 73 (33 to 129) <0.001 29 (12 to 44) 33(17t063) * 6 (—1to25)* 0.19
Values are presented as median (interquartile range). *p<0.05 versus intensive therapy group. There was no significant difference in baseline laboratory results between the two groups.
CRP: C-reactive protein; EPA: eicosapentaenoic acid; EPA/AA: eicosapentaenoic acid/arachidonic acid; HbAlc: glycosylated haemoglobin; HDL-C: high-density lipoprotein cholesterol;
HEPE: hydroxyeicosapentaenoic acid; LDL-C: low-density lipoprotein cholesterol

ASSOCIATION BETWEEN OCT FINDINGS AND LABORATORY
DATA
The linear mixed effects model was used to assess the independent
effects of variables on the percent change of the lipid index (Table 4).
In the entire patient population, multivariate analysis demonstrated
that changes in LDL, CRP, and 18-HEPE levels were indepen-
dently associated with a higher percent change in the lipid index.
Bland-Altman analysis revealed close agreement between the two
analysts for lipid index and macrophage grade with close agreement
during the measured time interval (Supplementary Figure 1).

CLINICAL OUTCOMES
Overall, eight patients required ischaemia-driven target lesion revas-
cularisation (TLR) at the time of follow-up OCT (Supplementary

Table 2). TLR incidence was significantly lower in the intensive
therapy group than in the standard therapy group (4.2% vs 29.2%,
p=0.024). Supplementary Table 3 summarises the comparisons of
quantitative OCT findings between the patients with and without
TLR. In patients with TLR, the lipid index and macrophage grade
increased significantly, while no significant change was observed in
patients without TLR during the follow-up. The segments requiring
TLR corresponded to the neoatherosclerosis segments, and resteno-
sis contributed to TLR in all eight cases. All patients requiring TLR
had stable angina at the time of TLR; detailed OCT findings are
shown in Supplementary Table 4. In all cases, neointimal thickness,
lipid index, and macrophage grade increased during the 12-month
follow-up, resulting in a decrease of the minimum lumen area.
There were no cases with plaque rupture or thrombi.

Table 3. Quantitative OCT examination at baseline and at 12-month follow-up.

Intensive therapy (n=24)

Variables Nominal

Standard therapy (n=24)

p-value p-value

Nominal
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Baseline

Follow-up

compared
with baseline

compared
with baseline

Baseline

change change

Minimum stent area, mm? 58(.1t07.7) | 58(4.2t06.9) | 0(-0.4t00.4) 0.72 53(4.2t06.5) | 5.3(4.3t06.5) | 0.0(=0.2t00.6) 0.66
Minimum lumen area, mm? | 3.1 (2.8t04.4) | 3.2(24t04.3) 0(-0.2t00) 0.32 32(26t04.4) | 29(1.3t04.9) |-0.2(-1.1t00.1) 0.043
Average NIT, pm 231(1321t0296) | 223 (123t0364) | 11 (-2to 38) 0.18 184 (126 to 270) | 246 (166 to 309) | 38 (210 68)* 0.001
% neointimal area, % 25(19t0 31) 26 (17 t0 33) 0.3 (-2t04) 0.35 23 (1410 32) 30 (16 to 36) 3(0.5t09.2) 0.009
Lipid length, mm 46(1.7t010.9) | 4.0(1.7t09.5) |-0.2(-1.8t00.2) 0.018 34(16t06.6) | 4.2(2.0t08.0) 0.8 (0to1.5)* <0.001
Mean lipid arc, © 101 (72t0 131) | 108 (78t0132) | —2(-17t027) 0.81 132 (84 to 144) | 147 (1021t0220) | 19 (3to47)* 0.005
L‘f]'l'g'l("ggg'm’s cap 120 (80t0 140) | 150 (110t 160) | 30 (10to 40) 0001 | 130(100t0140) | 130 (1000 140) | 0(~20t020)* | 0738
Lipid index 473 437 —45 0.46 430 749 217 <0.001
(135t01,394) (1200 1,339) (12810 8) (13110 922) (206 t0 1,473) (61 to 389)*

Macrophage grade 54 (17 t0 109) 24 (8t072) | —16 (=29 to—4) 0.001 38 (16 to 63) 60 (26 to 98) 18 (5t0 27)* <0.001
Values are presented as median (interquartile range). *p<0.05 versus intensive therapy dose group. There was no significant difference in baseline OCT findings between the two groups.
NIT: neointimal thickness




]
c
=
=
=
=4
(1]
=
<
(1]
=
=
o
=
N
©
—
L
—
&
o
o
©
@
o
=
o
(=]
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therapy
group

12-month follow-up

Figure 4. Representative OCT images. In the intensive therapy group (), the lipid arc was unchanged, and macrophage accumulation was

decreased. In the standard therapy group (B), the lipid arc and macrophages increased (the white line indicates lipid, and white arrows

indicate macrophages).

Table 4. Linear mixed effects model for % lipid index change
adjusted with confounders.

Coefficients
T p-value
B SE
A18-HEPE -0.260 0.100 -2.605 0.015
ALDL 0.559 0.242 2.312 0.029
ACRP 80.435 37.280 2.158 0.040

The % lipid index change is the dependent variable. All models were
adjusted by A18-HEPE, ALDL, ACRP, type of stent, duration between
index PCI and baseline OCT, dose of rosuvastatin, use of EPA.

B: regression coefficient; SE: standard error; T: T value

Discussion

Neoatherosclerosis is considered a primary substrate for both
late stent thrombosis and restenosis after stenting. We previously
reported that patients with neoatherosclerosis identified by OCT
are at high risk for late-phase clinical events, and that increased
serum LDL-C and CRP levels were independent risk factors
for neoatherosclerosis®. Another report indicated that, in addi-
tion to the local stent-related factors, the absence of statin use
was independently associated with neoatherosclerosis in patients
with a second-generation drug-eluting stent (DES)’. In CREDO-
Kyoto Registry Cohort-2, the use of statins was associated with
a decreased late TLR risk in patients with a sirolimus-eluting
stent, while the early TLR rate was similar regardless of statin

use®. However, no prospective, randomised study has investigated
the effect of lipid-lowering therapy on neoatherosclerosis progres-
sion after stenting.

In our study, the minimum lumen area and percentage of
neointimal area did not change significantly in the intensive ther-
apy group. However, in the standard therapy group, the mini-
mum lumen area was significantly reduced, and the percentage
of neointimal area and average neointimal thickness increased
significantly. Importantly, compared with 2.5 mg/day of rosuva-
statin monotherapy, intensive therapy with 10 mg/day of rosuva-
statin and 1,800 mg/day of EPA significantly suppressed in-stent
lipid progression and macrophage accumulation and, compared
to standard-dose statin monotherapy, significantly reduced the
incidence of TLR. Although the mechanism is unknown, the use
of moderate-dose rosuvastatin plus EPA significantly reduced
serum LDL-C and CRP levels in comparison with standard-dose
rosuvastatin monotherapy. Notably, these biomarker reductions
were significantly correlated with the changes in lipid index dur-
ing the follow-up period. The linear mixed effects model showed
that changes in LDL, CRP and 18-HEPE levels were significantly
independently associated with a higher percent change of lipid
index. Therefore, we speculated that both statins and EPA played
a role in the suppression of neoatherosclerosis progression. The
“pleiotropic” actions of statins and the decreased LDL-C level
achieved in the intensive group might be mechanisms underlying



the decreased lipid index, macrophage grade, and incidence of
late-phase TLR.

Another important mechanism is the anti-inflammatory func-
tion of the EPA metabolite, 18-HEPE. Recently, Endo et al dem-
onstrated that dietary intake of EPA significantly increased the
plasma concentration of 18-HEPE, an active mono-oxygenated
metabolite of EPA, and that 18-HEPE acted as an anti-inflamma-
tory and tissue-protective agent against pressure overload-induced
cardiac remodelling’. The potential anti-inflammatory function
of EPA has been demonstrated in a variety of inflammatory dis-
eases, including atherosclerosis, diabetes, and arthritis'®. A recent
placebo-controlled study demonstrated that dietary supplementa-
tion of n-3 polyunsaturated fatty acids significantly decreased the
circulating concentrations of inflammatory cytokines''. These data
suggest that additive EPA therapy could reduce lipid accumula-
tion in neoatherosclerosis through the anti-inflammatory effects of
increased 18-HEPE concentrations.

Intensive statin treatment significantly reduces the incidence of
cardiovascular events and plaque volume in patients with coro-
nary artery disease. The ASTEROID trial demonstrated that high-
intensity statin therapy using rosuvastatin 40 mg/d reduced the
total atheroma volume by 6.8% over 24 months'?. Although this
trial used a higher statin dose than we used in our study, the dose
required for optimal effect could also be affected by the patient’s
race. Moderate-intensity statin therapy has been demonstrated
to reduce serum LDL-C level and reverse atherosclerotic pro-
gression in Asians!. Consequently, 2.5 mg/day of rosuvastatin
is the standard dose in Japan, and 10 mg/day is the highest dose
approved for ordinary use by the Ministry of Health, Labor and
Welfare of Japan. Interestingly, the EASY-FIT study, which was
a study of 70 Japanese patients with unstable angina pectoris and
untreated dyslipidaemia, demonstrated that moderate-dose atorva-
statin (20 mg/day) increased fibrous cap thickness significantly
more than 5 mg/day of atorvastatin. The increase in fibrous cap
thickness of de novo, native coronary plaque was correlated with
the decrease in serum levels of LDL-C and high-sensitivity CRP.
Our results are consistent with those of these previous trials in
that intensive statin treatment significantly increased the fibrous
cap thickness of neoatherosclerosis. Our findings could potentially
extend the use of moderate-dose statin therapy to high-risk patients
with neoatherosclerosis. On the other hand, intensive therapy could
not achieve neoatherosclerosis regression in this study. In previ-
ous serial IVUS investigations, plaque regression was achieved
when LDL-C was reduced to under 70 mg/dl'%. In our present
study, the intensive therapy only reduced LDL levels to 70 mg/
dl (median), and standard therapy reduced LDL levels to 82 mg/dl
(median). These points may explain why a standard dose of rosu-
vastatin could not prevent the progress of neoatherosclerosis; even
intensive therapy could not achieve neoatherosclerosis regression.

Limitations
Our study has several limitations. First, this was a single-centre
study with a relatively small number of patients. Also, we only
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enrolled patients who underwent OCT imaging. Thus, a potential
selection bias exists. Second, as the intensive therapy group took an
increased statin dose (10 mg vs 2.5 mg daily) and EPA, our study
design does not enable us to determine which medication played
a central role in the suppression of the neoatherosclerosis progres-
sion which we observed. It was uncertain as to whether lipid profile
modification can suppress neoatherosclerosis progression because
this was the first interventional study on neoatherosclerosis, there-
fore we selected an increased statin dose and EPA as the maximum
intensive therapy available in Japan. Currently, we hypothesise that
both the increased statin dose and additive EPA therapy played
important roles, as the changes in serum LDL-C, CRP, EPA/AA,
and 18-HEPE levels were significantly correlated with the change
in lipid index and macrophage grade. Further study is required to
clarify this point. Lastly, although we showed that intensive therapy
significantly reduced TLR as compared with standard therapy, the
sample size was underpowered to assess clinical events.

Conclusions

In patients with non-obstructive neoatherosclerotic plaques, inten-
sive therapy with 10 mg/day of rosuvastatin and EPA significantly
suppressed the progression of neoatherosclerosis by modifying
serum atherogenic lipoproteins and lipid metabolites. Our findings
may provide a mechanistic insight into the efficacy of moderate-
dose statin plus EPA therapy as a secondary preventative treatment

in patients with coronary stents.

Impact on daily practice

This study demonstrated that intensive lipid-lowering therapy
with 10 mg/day of rosuvastatin and EPA significantly sup-
pressed neoatherosclerosis progression by modifying serum
atherogenic lipoproteins and lipid metabolites. Our findings
may provide a mechanistic insight into the efficacy of mod-
erate-dose statin plus EPA therapy as a secondary preventative
treatment in patients with coronary stents.
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Supplementary data
Supplementary Appendix 1. Methods

Study design and patient population

The Kobe University Hospital OCT registry is a single-centre registry of consecutive patients who underwent
intracoronary OCT imaging performed during cardiac catheterisation [2]. Between December 2013 and April
2016, OCT was performed for the following reasons: 1) planned follow-up coronary angiography and
OCT for routine stent follow-up or as required by other study protocols, regardless of symptoms; 2) evidence of
myocardial ischaemia such as silent myocardial ischaemia, stable angina, or acute coronary syndrome; or 3)
planned follow-up angiography for other stent segments. Exclusion criteria for OCT were: 1) anatomically
unsuitable target artery for OCT; 2) apparent congestive heart failure; 3) renal insufficiency with baseline
creatinine level >2.0 mg/dL except for under haemodialysis; or 4) lack of written informed consent from the

patient.

Blood samples

Blood samples were collected in the fasting state before OCT examination at baseline and 12-month follow-up.
Serum samples were separated by centrifugation, stored at 4°C, and then analysed (SRL Co., Ltd., Tokyo,
Japan). Serum total cholesterol, high-density lipoprotein cholesterol, triglyceride, haemoglobin Alc, and LDL-
C levels were measured by enzymatic methods. Serum levels of the inflammatory biomarkers (high-sensitivity
CRP) and n-3 polyunsaturated fatty acid metabolites (docosahexaenoic acid, docosapentaenoic acid and 5, 12,
15, 18-hydroxyeicosapentaenoic acid [HEPE]) were measured by liquid chromatography/tandem mass

spectrometry-based lipid mediator metabololipidomics.



OCT examination and analysis

OCT examination was performed as previously reported [2] and all OCT images were analysed by independent
investigators who were blinded to angiographic and clinical findings. Briefly, a 0.014-inch standard guidewire
was positioned distally in the target vessel, and the OCT catheter (C7 and C8 Dragonfly " ; St. Jude Medical, St.
Paul, MN, USA) was advanced to the distal end of the target lesion. For image acquisition, blood in the lumen
was replaced with contrast media. The entire length of the region of interest was scanned using an integrated

automated pullback device at 20 mm/s.

Standard OCT analysis was performed as previously reported. For quantitative analysis, cross-section OCT
images were analysed at 1 mm intervals. Lesion length, minimum stent and lumen area were measured.
Neointimal thickness was measured from the centre reflection of the stent strut to the vessel-lumen border for
each stent strut. All quantitative and qualitative OCT parameters were specified to compare serial vascular

changes between the groups.

Procedures

To assess the lipid index, we measured the lipid core arc, defined as the largest arc in a signal-pool region, with
diffuse borders on the cross-sectional OCT image at 0.2 mm intervals throughout the neoatherosclerotic
segments [3], and the lipid index was calculated by multiplying the mean lipid core arc by the lipid core

longitudinal length [4].



Macrophage grade was calculated as follows. We performed macrophage grading every 0.2 mm to assess the

quantitative change in macrophage accumulation based on axial and circumferential distribution as follows:

grade 0, no macrophages; grade 1, localised macrophage accumulation (<30°); grade 2, clustered accumulation

>30° and <90°; grade 3, clustered accumulation >90° and <270°; and grade 4, clustered accumulation >270°

and <360°. Macrophage grade was evaluated as the summation of grades 0 to 4 across all neoatherosclerotic

cross-sections [5].

Fibrous cap thickness was measured as follows. Three candidate frames were selected to measure minimum

fibrous cap thickness by visually screening all contiguous frames. The fibrous cap thickness was then measured

at the thinnest part of the fibrous cap on each frame; the minimum fibrous cap thickness was determined as the

smallest fibrous cap thickness among the candidate frames [6].

Clinical outcomes

Myocardial infarction (defined by cardiac troponin I increases according to the third universal definition of

myocardial infarction), ischaemia-driven target lesion revascularisation (TLR), target vessel revascularisation,

and major adverse cardiac events (defined as the composite of death, myocardial infarction, and TLR) were

assessed 12 months after baseline OCT.



A) (%)

100
£
[}
e 50 +1.96 SD
o3 287
Inter- 2B
55 Mean
observer 22 79
o= .. ¥
2 -50 -1.96 8D
e 445
10073 1000 2000 3000 4000
Mean lipid index
C) (%)
100
£
8 50 +1.96 SD
c x o Gsiniisie B a7
)
Intra- L . Mean
observer T3 28
tE
2= -1.96 SD
5 -50 -32.1
o

100

0 1000 2000 3000 4000
Mean lipid index

Supplementary Figure 1. Reproducibility of the lipid index and macrophage grade.
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Bland-Altman analysis of interobserver lipid index (A), macrophage grade (B) and intraobserver lipid index (C),

macrophage grade (D) assessments.

Bland-Altman analysis revealed close agreement between the two analysts for OCT measurements: lipid index: bias, -
7.9%; 95% limits of agreement, 36.6% (-44.5-28.7%) and macrophage grade: bias, -12.0%; 95% limits of agreement,
33.8% (-45.8-21.8%). Further, Bland-Altman analysis indicated close agreement during the measured time interval, with

a lipid index bias of 2.5% and limit of agreement of 34.6% (-32.1-37.1%) and a macrophage grade bias of -4.5% and

limit of agreement of 26.1% (-30.6—-21.6%) for macrophage grade.



Supplementary Table 1. Clinical characteristics and blood tests at index PCI.

Intensive Standard
Variable therapy therapy p-value
(n=24) (n=24)
Clinical characteristics
Age, years 71 (68-79) 75 (70-80) 0.07
Angina status 0.66
Stable AP 18 (75.0) 19 (79.2) 0.50
Unstable/acute
coronary syndrome 0(250) > (208)
Medication
Aspirin 22 (91.7) 19 (82.6) 0.31
Ticlopidine 3(12.5) 1(12.5) 0.30
Clopidogrel 3(12.5) 6 (25.0) 0.16
Statin 4 (16.7) 5 (20.8) 0.50
Lesion type 0.56
A 9 (37.5) 8 (33.3)
B1 4 (16.7) 7 (29.2)
B2 7 (29.2) 3(12.5)
C 4 (16.7) 6 (25.0)
Blood tests
LDL-C, mg/dL 108 (94-126) 108 (81-126) 0.57
HDL-C, mg/dL 47 (38-50) 46 (34-60) 0.29
Triglyceride, mg/dL 121 (89-169) 116 (80-180) 0.68
CRP, mg/dL 0.07 (0.04-0.21) 0.12 (0.03-0.22) 0.49
HbAlc, % 6.6 (5.6-7.2) 6.0 (5.3-6.6) 0.48

Values are presented as median (interquartile range) or absolute numbers (%).
AP: angina pectoris; CRP: C-reactive protein; HbAlc: glycosylated haemoglobin; HDL-C: high-density lipoprotein cholesterol;

LDL-C: low-density lipoprotein cholesterol; PCI: percutaneous coronary intervention




Supplementary Table 2. Clinical events during follow-up.

Intensive therapy Standard therapy
(n=24) (n=24) prvatue
MACE 1(4.2) 7(29.2) 0.024
Death 0(0.0) 0(0.0) -
Cardiac cause 0(0.0) 0(0.0) -
MI 0 (0.0) 0 (0.0) -
TLR 1(4.2) 7 (29.2) 0.024
TVR 1(4.2) 7 (29.2) 0.024

Values are presented as absolute numbers (%).
MACE: composite of death, myocardial infarction, and target lesion revascularisation; MI: myocardial infarction; TLR: target

lesion revascularisation; TVR: target vessel revascularisation




Supplementary Table 3. Comparisons between TLR (+) patients and TLR (-) patients.

TLR (+) group (n=8)

TLR (-) group (n=40)

Variables Nominal Paired t-test Nominal change Paired t-test
Baseline Follow-up Baseline Follow-up
change p-value p-value
5.1 6.6 1.2 44 4.0 0
Lipid length, mm 0.14 0.58
(1.9t0 10.9) (2.910 10.8) (0.5t0 1.6) (1.6 t0 6.6) (1.6t08.0) (-0.5t0 0.4)*
133 165 34 103 111 6
Mean lipid arc, © 0.018 0.31
(124 to 179) (146 to 244) (21 to 69) (72 to 138) (83 to 144)* (-13 to 29)*
660 1,049 331 430 456 1
Lipid index <0.001 0.22
(330t01,363) (63710 1,645) (265 to 358) (124 to 1,084) (122 to 1,339)* (-81 to 120)*
Macrophage grade 60 (39to 125) 85 (71to 151) 26 (13 to 38) 0.004 37 (15t0 63) 40 (13 to 68)* -3 (-17 to 16)* 0.80

Values are presented as median (interquartile range). *p<0.05 versus TLR (+) group.

There was no significant difference in baseline laboratory results between the two groups.




Supplementary Table 4. OCT findings at baseline and 12-month follow-up in patients with TLR.

OCT finding at baseline

OCT finding at 12-month follow-up

Assigned Implanted  Minimum Minimum
Average Lipid Macrophage Average Lipid Macrophage
group stent lumen area lumen area
NIT (mm) index grade NIT (mm) index grade
(mnr?) (mnr?)

Case 1 Intensive BMS 2.23 0.408 1,510 140 1.35 0.424 1,766 170
Case 2 Standard EES 1.47 0.191 695 68 1.24 0.236 1,147 92
Case 3 Standard SES 2.74 0.330 3,687 191 0.99 0.511 4,022 216
Case 4 Standard PES 1.85 0.307 305 38 0.95 0.375 600 84
Case 5 Standard PES 2.64 0.202 402 42 1.28 0.258 749 69
Case 6 Standard EES 1.86 0.212 624 51 1.62 0.246 951 60
Case 7 Standard PES 2.94 0.145 131 36 1.08 0.312 348 76
Case 8 Standard EES 2.57 0.273 922 81 1.09 0.340 1,284 86

BMS: bare metal stent; EES: everolimus-eluting stent; NIT: neointimal thickness; OCT: optical coherence tomography; PES: paclitaxel-eluting

stent; SES: sirolimus-eluting stent




