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Abstract

Aims: Acute coronary syndromes (ACS) are often caused by rupture of non-flow limiting “vulnerable” ath-
erosclerotic plaque, characterised by a large necrotic core pool and a thin, inflamed fibrous cap that are uni-
dentifiable with diagnostic coronary angiography. The implementation of novel invasive imaging modalities,
such as intravascular ultrasound-virtual histology (IVUS-VH) and near-infrared spectroscopy (NIRS), could
help identify high-risk patients who are in need of aggressive medical therapy. The intake of high dose rosu-
vastatin has been shown to reduce plaque containing necrotic core in the carotid arteries, however it remains
unknown whether there is a similar effect in the coronary arteries.

Methods and results: The IBIS-3 study is a single centre, non-randomised study designed to evaluate the
ability of 12-months high dose rosuvastatin treatment (40 mg daily po) to reduce the necrotic core of a non-
intervened coronary segment assessed with [VUS-VH. All patients undergoing diagnostic angiography or
percutaneous coronary intervention (PCI) are eligible for participation. Recruitment started in early 2010 and
will continue until 350 patients are included. The effect on the lipid core containing plaque will be assessed
with near-infrared spectroscopy (NIRS) at 12-months. In addition, multiple biomarkers will be measured and
their levels correlated with the imaging results.

Conclusions: IBIS-3 will assess the efficacy of high dose rosuvastatin to reduce the necrotic core in a coro-

nary segment of patients who have undergone diagnostic angiography or PCI.
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Abbreviations

ACS acute coronary syndrome
CPK creatine phosphokinase
HDL high-density lipoprotein

hs-CRP high sensitivity C-reactive protein
IVUS-VH intravascular ultrasound-virtual histology

LDL low-density lipoprotein

LCP lipid core containing plaque

NIRS near-infrared spectroscopy

PCI percutaneous coronary intervention
ROI region of interest

Introduction

Cardiovascular disease remains the leading cause of death in the
Western world. Over time, it has become clear that coronary athero-
sclerosis is a complex multifactorial process caused by lipid accu-
mulation in combination with several immunological and
inflammatory reactions'?. Coronary angiography can detect and
evaluate the extent of coronary artery disease, however being
a luminogram technique it does not provide a comprehensive
assessment of true atherosclerotic burden.

It is atherosclerotic lesions with a thin inflamed fibrous cap over-
lying a lipid-rich necrotic core, and not the degree of angiographic
stenosis per se, that have been shown to be related to an increased
incidence of cardiac events*. Approximately 60% of all acute coro-
nary syndromes (ACS) are thought to be caused by the rupture of
such vulnerable plaques®. Therapeutic interventions that can lead to
regression of or stabilise vulnerable plaque and consequently
reduce the incidence of ACS need to be assessed in vivo. The visu-
alisation of these dynamic processes with intravascular ultrasound-
virtual histology (IVUS-VH), based on pattern classification of
backscattering ultrasound signal, proved to be highly accurate in
assessing four different plaque compositions i.e., fibro-fatty, fibrous
tissue, dense calcium and necrotic core®’.

The STELLAR study showed that rosuvastatin decreased low-
density lipoprotein (LDL) cholesterol and increased high-density
lipoprotein (HDL) cholesterol with a higher potency when compared
to other statins®. In addition, the decrease of LDL cholesterol levels
resulted in a significant regression of coronary atherosclerosis and
also reduced the lipid-rich necrotic core in the carotid arteries”!’.
Even healthy people with non-elevated LDL cholesterol levels and a
raised inflammatory marker (hs-CRP) had less major adverse cardiac
events (MACE) with rosuvastatin intake compared to placebo'!.

The IBIS-2 study showed that 12 months of treatment with
160 mg oral darapladib (an oral LP-PLA2 inhibitor) halted the pro-
gression of necrotic core volume in the coronary arteries compared
to an increase in the placebo group, resulting in a significant treat-
ment benefit'2. Moreover, the necrotic core expanded in the placebo
group despite a high-level standard of care treatment.

In summary, rosuvastatin is highly effective in reducing LDL
cholesterol levels and increasing HDL cholesterol levels, which is
reflected in the regression of lipid-rich necrotic core in the carotid

arteries. However, the effect of rosuvastatin use on the necrotic core
in the coronary arteries remains to be evaluated. The IBIS-3 study
has been designed to address this question.

Methods

STUDY DESIGN AND OBJECTIVE

The IBIS-3 study is a prospective, investigator-initiated, single cen-
tre, non-randomised study. The study has been designed to evaluate
the ability of a high-dose rosuvastatin (40 mg daily po) to reduce
the necrotic core of a non-intervened coronary segment (study ves-
sel) assessed with IVUS-VH at 12-months. Particularly, the change
in necrotic core volume within the region of interest (ROI) from
baseline to one-year will be assessed by offline IVUS-VH". In addi-
tion, the change in the near-infrared spectroscopy (NIRS) derived
lipid core burden for the entire ROI will be assessed'*!4. The poten-
tial relationship between biomarkers associated with plaque pro-
gression (such as markers of vascular inflammation, endothelial
activation and thrombosis) will be explored as well'>!>1¢,

STUDY POPULATION
Atotal of 350 IBIS-3 patients, referred to our institution for elective
or urgent diagnostic angiography or percutaneous coronary inter-
vention (PCI), in whom a non culprit, non-treated vessel was judged
analysable will be prospectively enrolled. All patients included will
be 18 years or older, with stable/unstable angina pectoris, docu-
mented silent ischaemia or an acute myocardial infarction (STEMI
or non-STEMI). Coronary segments that are bypassed/stented, per-
fuse a scarred myocardial region or have a minimal lumen diameter
<2 mm or a diameter stenosis >50% by angiographic visual estima-
tion in the segments to be analysed will be excluded (Figure 1).
The patients will receive the first dose of rosuvastatin 10 mg po
within two weeks of enrolment. The dose of rosuvastatin will be
titrated up to 40 mg within 30 days (Figure 2). The study is con-
ducted under the guidance of the Institutional Review Board and
written informed consent is obtained from all patients.

STUDY PROCEDURES

After arterial sheath insertion, blood samples of 50 ml will be col-
lected at baseline and after 12-months treatment with rosuvastatin.
All imaging procedures are performed immediately after the coro-
nary angiography/PCI procedure. The study coronary vessel must
have a <50% reduction in lumen diameter by angiographic visual
estimation throughout a target segment of at least 40 mm in length.
The ROI is defined as the longest coronary segment between two
clearly identifiable landmarks (i.e., side branches). The length of
the ROI is determined by the analysable matched segments on
IVUS-VH and NIRS.

IVUS-VH AND NIRS ACQUISITION

IVUS-VH has been shown to have a 80-93% in vitro accuracy when
used to identify fibrous, fibro-fatty, dense calcium, and necrotic
core-containing plaque types®. Briefly, IVUS-VH makes use of
autoregressive spectral analysis of IVUS radiofrequency backscat-
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Inclusion criteria

Exclusion criteria

General and clinical criteria
— Patients more than 18 years old
— Written informed consent obtained

— Patients with stable angina pectoris
(Canadian Cardiovascular Society [CCS]
Class 12, 3 or 4) or unstable angina
pectoris (Braunwald Class I-Ill, B-C)
or patients with documented silent
ischaemia or patients with an acute
myocardial infarction (STEMI and NSTEMI)

— Willing to follow all study procedures
including adherence to lipid-lowering diet,
study visits and compliance with study
treatment regimen

Criteria related to invasive imaging

The study coronary vessel:

— Must be accessible to the IVUS-VH and
LipiScan catheters

— Must have a <50% reduction in lumen
diameter by angiographic visual
estimation throughout a target segment of
at least 40 mm in length

— May not be a bypass graft or a bypassed
vessel

— Has not undergone a prior PCI/CABG or
sustained a Ml

—Is not a likely candidate for intervention
within the next 12 months

General and clinical criteria
— Braunwald class IA, [1A [lIA

— Pregnancy or childbearing potential
with no adequate use of adequate
contraception

— Known allergies to aspirin, clopidogrel
bisulfate, heparin, stainless steel, copper
or a sensitivity to contrast media which
cannot be adequately premedicated

— Life expectancy of less than one year or
factors making follow-up difficult.

— Planned major (non-)cardiac surgery

— History of bleeding diathesis or
coagulopathy

— Disabling stroke within the past year

— Major hematologic, metabolic,
gastrointestinal or endocrine dysfunction

— History of malignancy, except in patients
who have been disease-free >5 years or
whose only malignancy has been basal or
squamous cell skin carcinoma.

Criteria related to invasive imaging

— Severe 3-vessel coronary artery and/or left
main disease with 50% stenosis

— Minimal lumen diameter <2 mm in the
segments to be analysed within the study
vessel

— Diameter stenosis >50% or total occlusion
of the study vessel

—The proximal vessel is moderately to
severely tortuous (moderate: 2 bends
>75° or severe: one bend >90°) in the
segment(s) to be analysed

— Known tendency to coronary vasospasm
— Ejection fraction <30%

Criteria related to investigational drug

— Hypersensitivity reactions to HMG-CoA
reductase inhibitors

— Triglyceride (TG) level >500 mg/dL
(5.65 mmol/L) at screening

— Creatine kinase (CK) >3 times the upper
limit of the normal (ULN)

— Participation in any investigational drug
study within 30 days prior to study entry
or expectation to participate in any other
investigational drug or device study
during the course of this study

— Required use during the study of any
of the following medication(s): niacin/
nicotinic acid, bile acid sequestrant,
probucol, clofibrate, fenofibrate,
gemfibrozil (and other fibrates), any
other prescription medicine given to treat
dyslipidaemia, any other prescription
medicine given for lipid lowering,
immunosuppressants and protease
inhibitors

—HbAIC >10% at screening.

— Aspartate aminotransferase/alanine
aminotransferase or bilirubin levels
>1.5x ULN at screening

— Secondary causes of
hyperlipoproteinaemia

— Asian patients
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Figure 1. Inclusion and exclusion criteria of the IBIS-3 study.

N=350 patients

Inclusion IBIS-3 | 1-year treatment with high dosage rosuvastatin
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Figure 2. Timetable of the IBIS-3 study.

20 days
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tering data to construct “tissue maps” that are associated with a par-
ticular spectrum of the radiofrequency signal and assigned colour
codes®. The coronary vessel will be imaged with a 20 MHz IVUS
catheter (Eagle-Eye®; Volcano Therapeutics, Rancho Cordova, CA,
USA) at a continuous motorised pullback speed of 0.5 mm/sec
(R-100 pullback device; Volcano Therapeutics). The acquired
images will be stored in a digital database on a dedicated console
(In-Vision Gold; Volcano Therapeutics) (Figure 3).

NIRS is a novel catheter-based imaging modality that was vali-
dated in a large prospective autopsy study for the detection of lipid
core containing plaque (LCP) with good agreement with histol-
ogy'®. The acquisition of imaging data will be performed by
a motorised catheter pullback at a speed of 0.5 mm/sec, starting dis-
tal to a side branch. The amount of LCP for each scanned arterial
segment in the ROI is displayed as a chemogram, with the x-axis
indicating the pullback position in millimetres and the y-axis the
circumferential position of the measurement in degrees (compara-
ble to a coronary vessel split open along the longitudinal axis),
while the probability of LCP present will be coded on a binned col-
our scale from red to yellow (0 for red and 1 for yellow), in which
pixels that exceed a pre-specified threshold of 60% turn to yellow,
suggesting the presence of a LCP. The pixel will appear black if it
lacks enough data. Our previous study showed that plaques coded
as yellow were associated with significantly larger plaque sizes
compared to those coded as red and that it was weakly correlated
with necrotic core!’. The NIRS-derived lipid core burden index
(LCBI) score is calculated by multiplying the fraction of valid yel-
low pixels by 1,000 and summarises the amount of LCP in the
imaged coronary section on a 0 to 1,000 scale (Figure 4).

FOLLOW-UP
All enrolled patients will be followed up until the study is com-
pleted. The study patients will be contacted by phone at three weeks

High Prob !
Low Prob :

Figure 4. The chemogram is a map of the scanned arterial segment, with the x-axis indicating the pullback position in millimeters and the

Figure 3. Images from an IBIS-3 patient including intravascular
ultrasound (IVUS) greyscale (panels A and D), IVUS virtual
histology (VH) (panel B) and LipiScan (panel C) on the same
coronary segment. On the L-view (panel D), the region of interest is
demarcated by the red and green lines (between two anatomical
landmarks). The white line in panel D indicates the location of the

frames shown in panels A and B. Panel A shows an eccentric and

mixed plaque. The corresponding VH frames show a necrotic core
(red) rich plaque with a large confluent necrotic core area abutting
the lumen at 3 o’clock. By LipiScan (panel C) this plaque (green
line) was characterised as a lipid-rich (cholesterol-containing)
plaque (yellow colour)

and 11 months to assess clinical status and any side effects. A clini-
cal visit is planned at two months and 12 months after study enrol-
ment. Invasive imaging will be repeated at 12 months. The imaging

data of patients who needed urgent cardiac catheterisation

= Chemogram

} Block chemogram

y-axis the circumferential position of the measurement in degrees. The block chemogram provides a summary of the data in 2 mm segments.

The algorithm displays the probability of lipid core containing plaque (LCP) at the interrogation site by using a false colour scale from red

(low probability) to yellow (high probability) The lipid core burden index (LCBI) provides a semi-quantitative metric summary of the total

LCP detected and can be calculated for the full chemogram or regions of interest.



<12 months but >6 months after randomisation will be included in
the analysis. If the patient cannot be interviewed at the outpatient
clinic at 12 months, information concerning possible events is
obtained by phone contact with the patient, family or his general
practitioner. The patient is considered lost to follow-up if this com-
munication is unsuccessful.

ENDPOINTS

The primary endpoint for this study is the change in necrotic core
volume (mm®) of a non-intervened coronary segment after
12-months treatment with 40 mg rosuvastatin, as assessed by
IVUS-VH. The secondary endpoints are: 1) the change in percent-
age necrotic core of the total plaque in the ROI; 2) the change in
total atheroma volume within the ROI; 3) the change in necrotic
core (mm?®) within the worst 10 mm coronary segment; 4) the
change in percentage necrotic core of the total atheroma in the
worst 10 mm coronary segment; 5) the change in total atheroma
volume (mm?®) within the worst 10 mm coronary segment; 6) the
change in the number of cholesterol-containing block chemograms
in the ROI; and 7) the change in the NIRS-derived “lipid core bur-
den index” for the entire ROI. Laboratory analyses, representing
more classic markers of inflammation and vulnerability will be per-
formed to explore the association between biomarkers and plaque,
and necrotic core progression.

ADVERSE EVENTS AND ADDITIONAL SAFETY ASSESSMENTS
The incidence of side effects is expected to be dose-dependent.
Therefore, liver function tests and creatine phosphokinase (CPK)
will be measured within two months after starting the treatment in
combination with an electrocardiogram. The dose of rosuvastatin
will be lowered or discontinued in the case of a serum transaminase
concentration more than three times or a CPK level of more than
five times the upper limit of the reference value.

All study patients will be monitored for (serious) adverse events
from enrolment to 52 weeks after enrolment. Patients may be dis-
continued from study treatment and assessments at any time at the
discretion of the investigator(s), if it is felt that this action is in the
best interests of the patient.

STATISTICAL ANALYSIS

Data analysis will be performed on an intent-to-treat basis of all
subjects who receive study medication. All patients with analys-
able baseline and follow-up IVUS-VH images will be evaluated.
Statistical inference will be based on the primary endpoint being
change in necrotic core volume from baseline to follow-up. The
assumptions for the sample size calculation are based on data
from the IBIS-2 study: 1) two-sided type 1 error rate of 0.05;
2) attrition rate of 15%; 3) difference of 2.5 mm? of necrotic core
volume with a standard deviation of 13.9 mm?® will lead to a power
of 90%!. A total of 350 patients need to be included to obtain at
least 300 imaging evaluable patients at baseline and follow-up.
The treatment effect will be tested with the paired-t test, based on
a two-sided significance level of 0.05. Kaplan-Meier curves will
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estimate the cumulative adverse cardiac events. All statistical
analysis will be performed with SPSS for Windows version 17
(SPSS Inc., Chicago, IL, USA).

Discussion

The IBIS-3 study has been designed to test the hypothesis that
a high dose of rosuvastatin significantly decreases or halts the pro-
gress of the necrotic core volume present in a non-intervened coro-
nary segment as assessed by IVUS-VH. The relevance of this
hypothesis is related to the fact that atherosclerotic plaque with
a thin inflamed fibrous cap and a large necrotic core pool is account-
able for nearly 60% of all ACS>.

The current medical treatment strategy for patients undergoing
PCI includes the use of aspirin, clopidogrel and a statin'’. Over the
last few decades, evidence from randomised trials has shown that
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors, so-called “statins”, reduce LDL cholesterol levels and
thereby also lower the occurrence of major vascular events by 21%
for every 1mmol/l (39 mg/dl) drop in LDL cholesterol'.
Rosuvastatin has a relatively higher binding capacity to HMG-CoA
reductase inhibitors compared to other statins and therefore resulted
in a more pronounced LDL cholesterol reduction of patients with
hypercholesterolaemia in the STELLAR study®'. In the JUPITER
study, the use of rosuvastatin significantly reduced the occurrence
of major adverse cardiac events in patients with normal LDL cho-
lesterol levels and raised high sensitivity C-reactive protein as com-
pared to placebo treatment!!. At the same time, the safety and
tolerability of rosuvastatin 5-40 mg po is still comparable to simv-
astatin 10-80 mg po®. Although the occurrence of adverse events
are low, primary reasons for statin discontinuation are statin-
induced liver problems and myalgia.

On the basis of the above data, it seems justified to study the effects
of rosuvastatin on the existing atherosclerotic plaque volume and
composition. In order to assess (intra)vascular changes in the carotid
and coronary arteries after rosuvastatin, a variety of (non)invasive
imaging modalities have been used in different randomised trials.
The METEOR trial, which studied 984 patients, showed that patients
randomised to treatment with rosuvastatin had a decline of 0.0014 mm
per year of the carotid intima-media thickness while the placebo-
group had an increase of 0.0131 mm per year (p<0.001), as assessed
with ultrasound over two years?'. Positive results were also found in
the ORION trial, which showed a reduction in the lipid-rich necrotic
core of carotid atherosclerotic plaque as assessed with magnetic reso-
nance imaging'®. Additionally, invasive imaging of the coronary
arteries with IVUS at baseline and two-years, showed that a high
dose of rosuvastatin had beneficial effects on all pre-specified end-
points’®. We hypothesise that a significant effect on the necrotic core
volume will be shown with one-year treatment with high dose rosuv-
astatin, which is comparable with the effect of darapladib in the
IBIS-2 study. If proved, it would be interesting to further study the
synergistic action of both medications on the necrotic core.

The first potential limitation of the IBIS-3 study is the fact that it
is not a randomised trial. Secondly, there are several exclusion criteria
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that limit the widespread use of a high dose of rosuvastatin. Finally,
significant differences in necrotic core volume are expected mainly
in patients with an ACS who are statin naive. Based on our prior
experience in performing “real-world” registries, we expect that
only a minority of the included patients will be statin naive; the
additional or incremental effect of high dose rosuvastatin might be
less evident in patients already treated with the standard care**.

In conclusion, the IBIS-3 study will be the first study to evaluate
prospectively the effect of a high dose of rosuvastatin on the
necrotic core existing in atherosclerotic plaque in non-intervened
coronary arteries. If the hypothesis of the IBIS-3 study is con-
firmed, it could lead to a different understanding of treatment mod-
ulation of plaque behaviour in patients with coronary artery disease.
The first results are to be expected mid 2013.
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