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Abstract
Background Considerable interest has focused on the devel-
opment of therapies that target the functionality of high-density
lipoproteins (HDL). Upregulation of endogenous synthesis of
the major protein on HDL particles, apolipoprotein A-I (apoA-
I), represents a novel approach to generation of new HDL
particles. The Study of Quantitative Serial Trends in Lipids with
Apolipoprotein A-I Stimulation (SUSTAIN, NCT01423188)
study aims to evaluate the lipid efficacy, safety and tolerability

of an apoA-I inducer (RVX-208). The ApoA-I Synthesis Stim-
ulation and Intravascular Ultrasound for Coronary Atheroma
Regression Evaluation (ASSURE, NCT01067820) study aims
to evaluate the effect of RVX-208 on plaque burden.
Methods In SUSTAIN, 172 patients with low levels of
HDL-C will be randomized to receive RVX-208 100 mg
bid or placebo for 24 weeks. The primary efficacy parameter
will be the percentage change in HDL-C levels. In ASSURE,
310 patients with angiographic coronary artery disease and
low HDL-C levels will be randomized to receive RVX-208
100 mg bid or placebo for 26 weeks. The primary efficacy
parameter will be the nominal change in percent atheroma
volume (PAV), determined by analysis of intravascular ultra-
sound (IVUS) images of matched coronary artery segments
acquired at baseline and at 26-week follow-up. The effect of
RVX-208 on other lipid and inflammatory markers, safety and
tolerability will also be assessed in both studies.
Conclusion ApoA-I induction represents a potential novel
strategy to reduce cardiovascular risk, by generating nascent
HDL particles. These studies will provide early evaluation of
the effects of RVX-208 on lipids and atherosclerotic plaque.
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Introduction

Randomized controlled trials have demonstrated that targeting
low-density lipoprotein cholesterol (LDL-C) [1] and blood
pressure [2] has a beneficial effect on cardiovascular event
rates.While these studies have promoted increasing utilization
of medical therapies, there remains a substantial residual risk
of adverse cardiovascular outcomes. Accordingly, there is an
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ongoing need to develop additional therapeutic strategies to
complement existing medical therapies.

Potential importance of HDL

High-density lipoproteins have received considerable interest
as a potential target on the basis of numerous lines of evidence
that they are cardioprotective. Population studies consistently
demonstrate an inverse relationship between HDL-C levels
and prospective risk of cardiovascular events [3]. This rela-
tionship is observed at all levels of atherogenic lipid parame-
ters [4]. Animal studies demonstrate that interventions
promoting HDL have a favorable effect on the burden and
composition of experimental atherosclerotic lesions [5–11].
These benefits are likely to result from the pivotal role played
by HDL particles in the promotion of reverse cholesterol
transport [12]. More recent observations that HDL are anti-
inflammatory, anti-oxidant, anti-thrombotic and promote the
bioavailability of nitric oxide provide additional mechanisms
that are likely to exert a favorable influence on the artery wall
[13].

Therapeutic strategies for HDL

The current interest in strategies that target HDL has focused
primarily on their ability to raise HDL-C levels. Lifestyle
measures with diet and exercise are associated with relatively
modest increases in HDL-C by 5–10%, with the greatest
increases observed in those who lose weight [14]. While used
primarily to lower LDL-C, statins also raise HDL-C by 3–
15%, with evidence that this also independently associates
with their ability to slow plaque progression [15] and reduce
cardiovascular event rates [16, 17]. Fibrates elevate HDL-C
by 5–20% and have been demonstrated to have variable
effects on cardiovascular outcomes in clinical trials [18]. A
meta-analysis of all clinical trials of fibrate therapy demon-
strated their greatest clinical benefit in patients with hyper-
triglyceridemia or low HDL-C levels at baseline [18]. Niacin
is currently the most effective HDL-C raising agent in clinical
practice, by up to 30%. While early formulations had a favor-
able effect on outcomes [19] and progression of atheroscle-
rotic disease [20–22], difficulties with tolerance due to
flushing and recent reports of no benefit with extended release
formulations [23] has dampened enthusiasm for this
approach. An ongoing study is currently evaluating the
potential efficacy of niacin in combination with blockade of
epidermal prostanoid receptors, a major pathway implicated in
flushing [24].

A number of additional therapeutic strategies are currently
undergoing evaluation. Early studies with various formula-
tions of infusions of delipidated HDL demonstrated rapid

regression using serial intravascular ultrasound [25–27]. The
effects of these approaches on clinical events have not been
evaluated. Nuclear hormone activation of factors carried on
HDL particles or involved in the regulation of reverse choles-
terol transport (peroxisome proliferator activated receptor
[PPAR], liver X receptor [LXR] agonists) continue to be
evaluated in clinical trials, despite disappointing results with
earlier compounds [28]. Inhibition of cholesteryl ester transfer
protein (CETP) has received considerable interest, as result of
their ability to raise HDL-C to a much greater degree than
currently available therapies. The first CETP inhibitor to reach
an advanced stage of clinical development, torcetrapib, did not
slow disease progression [29–31] and was associated with an
excess rate of mortality and cardiovascular events [32]. The
finding of no adverse effect on HDL functionality [33], plaque
regression at very high HDL-C levels [34] and off-target
toxicity with torcetrapib [35] has renewed interest to develop
other CETP inhibitors, which are currently undergoing eval-
uation in clinical trials [36–38].

ApoA-I induction and RVX-208

An alternative strategy to promote HDL involves upregulation
of endogenous synthesis of apolipoprotein A-I (apoA-I), the
major protein carried on HDL particles. While the concept of
turning on the system, via generation of nascent HDL par-
ticles, is attractive, intensive searches to develop effective
apoA-I induction therapy has been disappointing. Recently,
a small molecule compound (RVX-208) was discovered to
selectively upregulate apoA-I synthesis in a liver cell system.
This process involves derepression of the apoA-I gene and
occurs independently of the PPAR and LXR pathways [39].
Early preclinical studies with RVX-208 demonstrated
increases in levels of apoA-I and HDL-C, in association with
a rise in lipid-deplete forms of HDL (pre-β HDL) and an
increase in serum cholesterol efflux capacity in cell based
systems [39].

The ApoA-I Synthesis Stimulation Evaluation in Patients
Requiring Treatment for Coronary Artery Disease (ASSERT)
study evaluated the impact of increasing doses of RVX-208
(50–150 mg bid) and placebo on lipid biomarkers, safety and
tolerability in 299 statin-treated patients with established sta-
ble coronary artery disease [40]. A modest increase in apoA-I
levels by up to 5.6% was observed throughout the dosing
range. Increases in HDL-C by up to 8.3% and large HDL
particles by up to 21.1% were observed with administration of
RVX-208. In general, RVX-208 was well tolerated. A dose-
dependent increase in hepatic transaminase levels, peaking at
8 weeks, with no associated elevation in bilirubin, was ob-
served. Transaminase elevations greater than three times the
upper limit of normal were observed in 17 patients treated
with RVX-208. While the mechanism underlying liver
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enzyme elevation is unknown, it was observed more frequent-
ly in patients treated with simvastatin, high-dose statin therapy
and those with liver enzyme elevations at baseline. Accord-
ingly, the next series of phase 2 studies of RVX-208 will be
performed in patients treated with either atorvastatin or rosu-
vastatin, excluding their highest doses, and in patients without
pre-existing evidence of liver enzyme elevations.

SUSTAIN

The Study of Quantitative Serial Trends in Lipids with
Apolipoprotein A-I Stimulation (SUSTAIN) will provide
further characterization of the lipid efficacy, safety and toler-
ability of RVX-208. The primary objective of SUSTAIN is to
determine the change in HDL-C levels with RVX-208 100 mg
bid compared with placebo, administered for 24 weeks, in
statin-treated patients with low HDL-C levels. The primary
efficacy parameter is the percentage change in HDL-C.
Secondary efficacy parameters include (a) within treatment
group percentage changes in HDL-C, (b) percentage change
in apoA-I with RVX-208 and (c) percentage changes in
LDL-C, non-HDL-C, apoB, triglycerides, HDL subclasses
and CRP and (d) a safety evaluation, including analysis of
adverse events and laboratory data.

Study design

172 subjects aged ≥18 years taking a statin for at least
30 days with a low HDL-C level, defined as ≤45 mg/dL
(1.17 mmol/L) in females and ≤40 mg/dL (1.04 mmol/L) in
males in the preceding 60 days, and meeting the entry
criteria (Table 1) will be randomized in the trial. Subjects
will be excluded if they are treated with atorvastatin at a
dose >40 mg or rosuvastatin >20 mg, have been treated with
niacin/nicotinic acid at a dose of >250 mg or any dose of
fibrates in the last 90 days, triglycerides >400 mg/dL or
have evidence of elevation of any liver enzyme or bilirubin.
After providing informed consent, patients will be random-
ized to treatment with RVX-208 100 mg bid or placebo for
24 weeks, in addition to background medical therapy, which
will include atorvastatin (10, 20 or 40 mg) or rosuvastatin
(5, 10 or 20 mg) at the discretion of the investigator. Sub-
jects will be seen at weeks 4, 6, 8, 10, 12, 15, 18, 21 and 24
for monitoring of adverse events, study drug compliance,
concomitant medication use, dietary counselling and collec-
tion of blood samples for biochemical and safety analysis.

Sample size determination and statistical analysis

Based on the assumption of a standard deviation for per-
centage change in HDL-C of 15.0, it was determined that a
sample size of 156 subjects would be required to provide

80% power, at a 5% significance level, to demonstrate a
difference between the treatment groups of 6% in terms of
change in HDL-C. Subjects will be analyzed with a modi-
fied intention-to-treat approach, defined as all randomized
subjects who received at least one dose of study drug and
had evaluable IVUS measurements obtained at baseline and
at follow-up. Anticipating that 10% of patients would dis-
continue from the study, a total of 172 subjects will be
enrolled in the study.

ASSURE

Intravascular ultrasound (IVUS) generates high-resolution
images of the full thickness of the artery wall and precisely
quantifies plaque burden within the coronary vasculature.
Serial IVUS studies have demonstrated beneficial effects of

Table 1 Inclusion and exclusion criteria for the SUSTAIN study. BP,
blood pressure; HDL-C, high-density lipoprotein cholesterol; NYHA,
New York Heart Association; ULN, upper limit of normal

Inclusion Criteria Exclusion Criteria

Adults ≥18 years Severe heart failure (NYHA
class III/IV) or left ventricular
ejection fraction <25%

Taking statin therapy
for at least 30 days

Planned surgical procedures requiring
general anesthesia during the study

Low HDL-C Clinically significant heart
disease requiring surgical or
percutaneous intervention

≤45 mg/dL
(1.17 mmol/L)
in females

Coronary artery bypass grafting
in preceding 90 days

≤40 mg/dL
(1.04 mmol/L)
in males

Cardiac electrophysiologic
instability in last 4 weeks

Can be treated
with either

Renal impairment (serum creatinine
>1.5 mg/dL [133 μmol/L],
dialysis or nephrotic syndrome)

Atorvastatin
(10, 20 or 40 mg)

Uncontrolled hypertension
(Systolic BP >160 mmHg or
diastolic BP >95 mmHg)

Rosuvastatin
(5, 10 or 20 mg)

Pregnant or lactating females

Immunosuppressant treatment
in preceding 12 months

Use of fibrates, niacin/nicotinic
acid >250 mg, atorvastatin
>40 mg, rosuvastatin >20 mg

Triglycerides >400 mg/dL

Hepatic disease (elevation of
any liver enzyme >ULN, hepatic
encephalopathy, hepatitis B/C/E,
esophageal varices, portocaval shunt)

History of malignancy preceding 5 years

Drug or alcohol abuse
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lowering of LDL-C [41–43] and blood pressure [44] and
HDL infusions [25–27] on plaque volume. The ApoA-I
Synthesis Stimulation and Intravascular Ultrasound for Cor-
onary Atheroma Regression Evaluation (ASSURE) study
will evaluate the impact of RVX-208 on plaque burden.
The primary objective of ASSURE is to compare the effects
of RVX-208 100 mg bid with those of placebo on the
progression of atherosclerosis in a matched segment of
coronary artery following 26 weeks of treatment in patients
with coronary disease and low HDL-C levels. The primary
efficacy parameter is the change in percent atheroma volume
(PAV) measured by IVUS imaging, performed at baseline and
at the end of the 26-week treatment period. Secondary end
points include the change in total atheroma volume (TAV),
plaque volume in the most-diseased 10-mm segment, on-
therapy lipid and inflammatory biomarkers and a safety eval-
uation, which will include analysis of adverse events and
laboratory data. An exploratory objective of ASSURE will
be to characterize changes in plaque composition, pharmaco-
kinetic parameters and correlations between changes in meas-
ures of atheroma burden and lipid biomarkers.

Study design

310 subjects aged ≥18 years with at least one >20% lumen
stenosis in a native epicardial coronary artery, on visual
estimation of a clinically indicated coronary angiogram,
and meeting the entry criteria (Table 2) will be randomized
in the trial. After providing informed consent, patients un-
dergoing a clinically indicated coronary angiogram entered

a screening period (duration up to 4 weeks). Patients meet-
ing the inclusion criteria will be randomized to treatment
with RVX-208 100 mg bid or placebo for 26 weeks. All
patients will be treated with standard medical therapy, in-
cluding either atorvastatin (10, 20 or 40 mg) or rosuvastatin
(5, 10 or 20 mg) at the discretion of the investigator. Use of
any dose of fibrates or niacin at a dose of ≥250 mg is
excluded for 90 days prior to randomization and during
the study.

Patients are seen every 2 weeks for the first 8 weeks and
then every 3 weeks for the remainder of the study for
monitoring of adverse events, study drug compliance, con-
comitant medication use, dietary counselling and collection
of blood and samples for biochemical and safety anal-
ysis. After 26 weeks of treatment patients return for a
repeat IVUS examination in the same coronary artery
imaged at baseline and complete the study. Patients who
require a clinically indicated coronary angiogram after
17 weeks of treatment, are to undergo early repeat IVUS
imaging and complete the study at that time. If percutaneous
coronary intervention of the target artery is required then
IVUS imaging should be performed first, where clinically
appropriate.

Intravascular ultrasound imaging

Acquisition and analysis of IVUS imaging will be per-
formed in a similar manner to that employed in previous
studies of atherosclerosis progression [25, 29, 41, 42,
44–47]. Investigators are instructed to perform IVUS

Table 2 Inclusion and exclusion criteria for the ASSURE study. BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; NYHA, New
York Heart Association; ULN, upper limit of normal

Inclusion Criteria Exclusion Criteria

Adults ≥18 years Severe heart failure (NYHA class III/IV) or left ventricular ejection fraction <25%

At least one stenosis >20% in an epicardial
coronary artery on a clinically indicated
coronary angiogram

Planned surgical procedures requiring general anesthesia during the study

Low HDL-C Clinically significant heart disease requiring surgical or percutaneous intervention

≤45 mg/dL (1.17 mmol/L) in females Coronary artery bypass grafting in preceding 90 days

≤40 mg/dL (1.04 mmol/L) in males Cardiac electrophysiologic instability in last 4 weeks

Can be treated with statin therapy Renal impairment (serum creatinine >1.5 mg/dL [133 μmol/L],
dialysis or nephrotic syndrome)

Atorvastatin (10, 20 or 40 mg) Uncontrolled hypertension (Systolic BP >160 mmHg or diastolic BP >95 mmHg)

Rosuvastatin (5, 10 or 20 mg) Pregnant or lactating females

Immunosuppressant treatment in preceding 12 months

Use of fibrates, niacin/nicotinic acid >250 mg, atorvastatin >40 mg, rosuvastatin >20 mg

Triglycerides >400 mg/dL

Hepatic disease (elevation of any liver enzyme >ULN, hepatic
encephalopathy, hepatitis B/C/E, esophageal varices, portocaval shunt)

History of malignancy preceding 5 years

Drug or alcohol abuse
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imaging in the longest and least angulated coronary artery
that contains no lumen stenosis greater than 50% throughout
a target segment of at least 40-mm in length, has not under-
gone revascularization, and was not the culprit vessel re-
sponsible for a previous myocardial infarction. The vessel
selected for imaging must also be considered not likely to
require revascularization during the course of the study.
Following anticoagulation and administration of intracoro-
nary nitroglycerin (100–300 μg), the imaging catheter is
advanced as distally as possible within the vessel. Patients
will be imaged with either a 40 MHz Atlantis SR Pro
(Boston Scientific Scimed, Inc., Maple Grove, MN) or a
45 MHz Revolution (Volcano Corporation, San Diego, CA)
catheter. Continuous images will be acquired while the catheter
was withdrawn back to the aorta by a motor drive at a constant
speed of 0.5 mm per second. Images will be sent to the core
laboratory at the Cleveland Clinic for analysis, by technicians
who are blinded to the treatment status of the subjects.

An anatomically matched segment of artery will be select-
ed by the core laboratory to undergo analysis, on the basis of
location of proximal and distal side branches. The leading
edges of the lumen and the external elastic membrane
(EEM) will be defined by manual planimetry in cross-
sectional images spaced 1-mm apart. Plaque area is deter-
mined as the area between the leading edges in each individual
image. The volumetric extent of atherosclerotic plaque in each
segment will be calculated by two approaches. Percent ather-
oma volume (PAV) is the proportion of the EEM volume
occupied by atherosclerotic plaque.

Percent Atheroma Volume ¼
P

EEMarea � Lumenareað Þ
P

EEMarea
� 100

Total atheroma volume (TAV) is the summation of plaque
areas in each measured image, normalized by the median
number of images analyzed in the entire cohort to account for
heterogeneity in segment length between subjects, and permits
each subject to be equally represented in the statistical analysis.

TAVNormalized ¼ Σ EEMarea � Lumenareað Þ
Number of Images in Pullback

�Median number of images in cohort

Changes in the 10-mm segment containing the greatest
plaque burden at baseline and percentage of patients under-
going regression, defined as any reduction in PAV from
baseline, will also be determined.

Sample size determination and statistical analysis

Based on the assumption of a standard deviation for mean
nominal change in PAV of 2.7, it was determined that a

sample size of 186 subjects would be required to provide
85% power, at a 5% significance level, to demonstrate a
reduction in PAV of 0.6% in RVX-208 treated subjects
compared with baseline. Given the 3:1 randomization rate,
an additional 62 subjects will be enrolled to the placebo arm.
Subjects will be analyzed with a modified intention-to-treat
approach, defined as all randomized subjects who received
at least one dose of study drug and had evaluable IVUS
measurements obtained at baseline and at follow-up. Antic-
ipating that 20% of patients would discontinue from the
study or have non-evaluable IVUS imaging at follow-up,
approximately 310 patients were required to achieve a total
of 248 patients completing the study.

Conclusion

There continues to be interest in the development of agents
that upregulate endogenous expression of apoA-I, by virtue
of their potential to generate nascent HDL particles that can
carry out their protective functional activities. The SUSTAIN
and ASSURE studies will provide further characterization of
the effects of RVX-208 in statin-treated patients. Further elu-
cidation of the effects of RVX-208 on lipid parameters and
atherosclerotic plaque will be required prior to proceeding to a
large clinical outcomes trial.
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