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Abstract

Background Bromodomain and extra-terminal (BET)
proteins regulate transcription of lipoprotein and inflam-
matory factors implicated in atherosclerosis. The impact of
BET inhibition on atherosclerosis progression is unknown.
Methods ASSURE was a double-blind, randomized,
multicenter trial in which 323 patients with angiographic
coronary disease and low high-density lipoprotein choles-
terol (HDL-C) levels were randomized in a 3:1 fashion to
treatment with the BET protein inhibitor RVX-208 200 mg
or placebo for 26 weeks. Plaque progression was measured
with serial intravascular ultrasound imaging. Lipid levels,
safety, and tolerability were also assessed.

Results During treatment, apolipoprotein  (apo)A-I
increased by 10.6 % with placebo (P < 0.001 compared with
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baseline) and 12.8 % with RVX-208 (P < 0.001 compared
with baseline), between groups P = 0.18. HDL-C increased
by 9.1 % with placebo (P < 0.001 compared with baseline)
and 11.1 % with RVX-208 (P < 0.001 compared with
baseline), between groups P = 0.24. Low-density lipoprotein
cholesterol (LDL-C) decreased by 17.9 % with placebo
(P < 0.001 compared with baseline) and 15.8 % with RVX-
208 (P < 0.001 compared with baseline), between groups
P = 0.55. The primary endpoint, the change in percent
atheroma volume, decreased 0.30 % in placebo-treated
patients (P = 0.23 compared with baseline) and 0.40 % in
the RVX-208 group (P = 0.08 compared with baseline),
between groups P = 0.81. Total atheroma volume decreased
3.8 mm’ in the placebo group (P = 0.01 compared with
baseline) and 4.2 mm?® in the RVX-208 group (P < 0.001
compared with baseline), P = 0.86 between groups. A
greater incidence of elevated liver enzymes was observed in
RVX-208-treated patients (7.1 vs. 0 %, P = 0.009).
Conclusion Administration of the BET protein inhibitor
RVX-208 showed no greater increase in apoA-I or HDL-C
or incremental regression of atherosclerosis than adminis-
tration of placebo.

Trial Registration ClinicalTrials.gov
NCT01067820.

Key Points

RVX-208 had no incremental effect on lipids
compared with placebo.

identifier—

RVX-208 had no incremental effect on plaque
regression.

The impact of RVX-208 on cardiovascular outcomes
remains to be determined.

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40256-015-0146-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40256-015-0146-z&amp;domain=pdf

56

S. J. Nicholls et al.

1 Introduction

Persistent cardiovascular risk despite widespread use of
established medical therapies has stimulated interest in
developing new strategies for secondary prevention in
patients with coronary artery disease. Favorable findings
from human [1] and animal [2] population studies have
resulted in considerable interest in development of agents
that promote greater levels or activity of high-density
lipoproteins (HDLs). However, to date, the success of
HDL-cholesterol (HDL-C)-raising therapies in randomized
controlled trials has been disappointing [3-5], with the
exception of infusing delipidated forms of HDL [6-8].

The induction of endogenous synthesis of apolipoprotein
A-I (apoA-I), the major protein associated with HDL par-
ticles, represents a novel approach to lipid modification.
Enhanced hepatic synthesis of apoA-I should theoretically
generate new HDL particles, resulting in greater biological
activity of HDL. Preliminary studies of the bromodomain
and extra-terminal (BET) inhibitor RVX-208 demonstrated
increased apoA-I and HDL-C levels [9] and enhanced
systemic cholesterol efflux activity [10]. The BET family of
proteins plays an important role in transcriptional regulation
and has been implicated in a variety of disease processes.
As a result, these effects of RVX-208 have the theoretical
potential to favorably affect atherosclerotic plaque.

Intravascular ultrasonography (IVUS) has been suc-
cessfully employed in clinical trials to evaluate the impact
of medical therapies on progression of coronary
atherosclerosis [6, 11-17]. These studies have demon-
strated that infusion of HDL mimetics has a beneficial
impact on plaque progression [6-8]. Accordingly, the
objective of the ASSURE (ApoA-I Synthesis Stimulation
and Intravascular Ultrasound for Coronary Atheroma
Regression Evaluation) study was to determine the
26-week impact of the BET protein inhibitor RVX-208 on
the burden of coronary atherosclerosis in patients with
coronary disease and low HDL-C levels.

2 Methods
2.1 Study Design

ASSURE was a prospective, randomized, multicenter, dou-
ble-blind clinical trial [18]. The trial was designed by the
Cleveland Clinic Coordinating Center for Clinical Research
(C5Research) in collaboration with the Executive Steering
Committee and the sponsor. The study protocol was approved
by the institutional review board at each site. Patients pro-
vided written informed consent prior to study entry.
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Patients aged at least 18 years were eligible if they
demonstrated at least one 20 % stenosis on clinically
indicated coronary angiography and a target vessel for
imaging with less than 50 % obstruction. Patients were
required to have a low HDL-C level (<45 mg/dl in
females, <40 mg/dl in males) within the 60 days prior to
enrolment and receive treatment with either atorvastatin
10—40 mg daily or rosuvastatin 5-20 mg daily during the
study. Patients treated with another statin agent were
switched to rosuvastatin prior to randomization. Patients
were excluded if they were receiving either a fibrate or
nicotinic acid at a dose of at least 250 mg daily, had
uncontrolled hypertension, or had heart failure, severe
renal dysfunction, or liver disease.

Patients meeting the inclusion criteria underwent ran-
domization in a 3:1 ratio via interactive voice response
system to treatment with RVX-208 100 mg or placebo
administered twice daily for 26 weeks. Patients were seen
in the clinic every 2 weeks for the first 8 weeks and then
every 3 weeks for the remainder of the study.

2.2 Acquisition and Analysis of Ultrasound Images

Following coronary angiography, baseline IVUS was per-
formed. Previous reports have described the methods of
image acquisition and analysis [6, 11-17]. Imaging was
performed in a single artery using either the s5™ (Vol-
cano, Sacramento, CA, USA) or iLab™ (Boston Scientific,
Boston, MA, USA) systems and screened by the core
laboratory at the C5SResearch. Patients meeting prespecified
requirements for image quality were eligible for random-
ization. After 26 weeks of treatment, patients underwent a
second ultrasonographic examination in the same artery
with the same imaging system. Using digitized images,
personnel, who were unaware of the treatment status and
time sequence of paired imaging, performed measurements
of the lumen and external elastic membrane in images
within a matched artery segment. The accuracy and
reproducibility of this method have been reported previ-
ously [19].

The primary efficacy measure, percent atheroma volume
(PAV), was calculated as follows

> (EEMypen — Lumenyye,)

PAV =
> EEMyrey

x 100

where EEM,,., is the cross-sectional area of the external
elastic membrane and Lumen,,., is the cross-sectional area
of the lumen. The change in PAV was calculated as the
PAV at 26 weeks minus the PAV at baseline. A secondary
measure of efficacy, normalized total atheroma volume
(TAV), was calculated as follows:



ApoA-I Induction and Progression of Coronary Atherosclerosis

57

> (EEMyrea — Lumenyye,)

number of images in pullback
x median number of images in cohort

TAVNormalized =

where the average plaque area in each image was multi-
plied by the median number of images analyzed in the
entire cohort to compensate for differences in segment
length between subjects. The efficacy measure of change in
normalized TAV was calculated as the TAV at 26 weeks
minus the TAV at baseline. The efficacy measure of
change in atheroma volume in the most diseased sub-seg-
ment was calculated in the 10-mm segment containing the
greatest plaque burden at baseline. Regression was defined
as a decrease in PAV or TAV from baseline.

2.3 Biochemical Measures

A central laboratory performed all biochemical determi-
nations (ACM, Rochester, NY, USA; and York, UK). Lipid
profiles were determined by enzymatic assay. Levels of
apoA-I were determined by turbidimetric immunoassay
(Boston Heart Diagnostics, Framingham, MA, USA).
Lipoprotein particle number and size were measured with
nuclear magnetic resonance (LipoScience, Raleigh, NC,
USA) as previously described [20]. Particle concentrations
of lipoprotein subclasses of different sizes were calculated
from the measured amplitudes of their spectroscopically
distinct lipid methyl signals. Lipoprotein levels and safety
laboratory measurements were obtained and any adverse
reactions recorded at each study visit. High-sensitivity
C-reactive protein (CRP) was determined by nephelometry.

2.4 Statistical Analysis

Categorical variables are summarized using frequencies,
while laboratory parameters are reported as median and
interquartile range (IQR). The primary endpoint was the
change in PAV from baseline to 26 weeks post-random-
ization within the RVX-208 treatment arm and was tested
using the Wilcoxon signed-rank test. A similar test was
performed separately on the placebo group. The median
percent change in laboratory parameters from baseline to
26 weeks within and between treatment groups was tested
using the Wilcoxon signed-rank test. Although the study
was not sufficiently powered to detect differences between
treatment groups, an analysis of covariance (ANCOVA) on
ranked data was performed with treatment group as a factor
and baseline value as a covariate. The safety analysis of
laboratory abnormalities and cardiovascular events was
tested using either Chi-squared or Fisher’s exact test.

A sample size of 186 was selected to provide 85 %
power to detect a decrease from baseline in PAV of 0.6 %
with a standard deviation of 2.7 % in the active RVX-208-

treated group. An additional 62 patients were planned to be
randomized into the placebo group. With an anticipated
non-completion rate of 20 %, a total of 310 patients were
planned for enrollment into the trial.

All reported P values are two-sided.

The lead academic investigator (SJN) wrote the manu-
script and vouches for the accuracy and completeness of
the data and the analyses. While the Executive Steering
Committee and C5Research had confidentiality agreements
with the sponsor, the study contract specified that a copy of
the study database be provided to C5Research for inde-
pendent analysis and granted the academic authors the
unrestricted rights to publish the results.

3 Results
3.1 Subject Characteristics

The disposition of patients in the study is summarized in
Fig. 1. From 30 September 2011 to 25 September 2012, at
60 centers, 676 patients were screened, with 244 patients
randomized to the RVX-208 group and 80 to the placebo
group. After 26 weeks of treatment, 281 patients (87.0 %)
remained in the study and had IVUS imaging that per-
mitted measurement of atheroma burden at baseline and
follow-up. Of these patients, 208 were in the RVX-208
group and 73 in the placebo group. No significant dif-
ferences were observed between the treatment groups in
demographic characteristics, medication use, and labora-
tory values at baseline (Table 1). No significant differ-
ences were observed in baseline characteristics and
laboratory values between those patients who completed
the study and those who did not. The dose of rosuvastatin
(13.8 =254 vs. 13.2 £ 5.6 mg, P = 0.54) and atorvas-
tatin (29.1 & 11.4 vs. 27.7 £ 11.7 mg, P = 0.60) did not
differ in placebo- or RVX-208-treated patients, respec-
tively. The rate of statin discontinuation did not differ
between placebo and RVX-208 groups during the study
(14.1 vs. 20.0 %, P = 0.27).

3.2 Biochemical Measurements

Table 2 summarizes the percentage change of laboratory
values for the 281 patients who completed the trial. During
the 26 weeks of treatment, apoA-I increased 10.6 %
(P < 0.001 compared with baseline) in the placebo group
and 12. 8% (P < 0.001 compared with baseline) in the
RVX-208 group, between groups P = 0.18. HDL-C
increased by 9.1 % (P < 0.001 compared with baseline) in
the placebo group and 11.1 % (P < 0.001 compared with
baseline) in the RVX-208 group, between groups
P = 0.24. Low-density lipoprotein cholesterol (LDL-C)
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Flow of Patients Through the Trial

676 Screened

353 Did not meet
inclusion criteria or
met exclustion criteria

323 Patients randomized

<

N

80 Assigned to recieve placebo

243 Assigned to recieve RVX-208

l

l

7 Did not meet complete
endpoint assessment

1 Died

1 Adverse event

2 Withdrawl of consent

3 Final intravascular ultrasound
not obtained

35 Did not complete endpoint
assessment

1 Adverse event

29 Final intravascular
ultrasound not obtained

5 Final intravascular
ultrasound not
analyzable

l

l

73 Included in Primary Analysis
80 Included in Safety Analysis

208 Included in Primary Analysis
243 Included in Safety Analysis

Fig. 1 Disposition of patients in study. The final disposition of
patients in each group includes all patients assigned to study drug.
Patients who withdrew from the study include those discontinued due
to subject or physician decision. Adverse events include discontin-
uation due to adverse events or abnormal laboratory or electrocar-
diographic results

levels decreased by 17.9 % with placebo (P < 0.001
compared with baseline) and 15.8 % with RVX-208
(P <0.001 compared with baseline), between groups
P = 0.55. There were no incremental reductions in other
atherogenic lipid parameters or high-sensitivity CRP with
RVX-208 compared with placebo. There were no signifi-
cant differences in nuclear magnetic resonance-derived
measures of HDL particle concentrations between the
treatment and placebo groups.

3.3 Intravascular Ultrasound Endpoints

Table 3 summarizes the change in IVUS efficacy mea-
sures. Greater measures of total atheroma volume
[199.9 mm®, 95 % confidence interval (CI) 154.4-258.3
vs. 154.8 mm3, 95 % CI 118.1-209.7; P < 0.001] and
atheroma volume in the most diseased 10-mm segment
(61.6 mm>, 95 % CI 41.9-82.9 vs. 50.7 mm>, 95 % CI
37.1-70.4; P = 0.05), but not percent atheroma volume
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(38.1 %, 95 % Cl 33.4-443 vs. 362 %, 95 % CI
30.2-44.8; P =0.11) were observed in the RVX-208
group. The primary endpoint, change in PAV within the
RVX-208 group, decreased by 0.40 % (P = 0.08 com-
pared with baseline). PAV decreased by 0.30 % (P = 0.23
compared with baseline) in the placebo group, between
groups P = 0.81. TAV decreased by 3.8 mm> (P = 0.01
compared with baseline) and 4.2 mm® (P < 0.001 com-
pared with baseline) in the RVX-208 group, between
groups P = 0.86. Atheroma volume in the 10-mm sub-
segment that contained the greatest disease burden at
baseline decreased by 1.3 mm® (P = 0.01 compared with
baseline) in the placebo group and 2.2 mm® (P < 0.001
compared with baseline) in the RVX-208 group, between
groups P = 0.79. Changes in the primary efficacy param-
eter, PAV, stratified according to prespecified subgroups
are summarized in Fig. 2. There was no evidence of sta-
tistical heterogeneity, suggesting a differential effect of
RVX-208 in different subgroups.

3.4 Clinical and Laboratory Adverse Events

Reasons for study discontinuation, laboratory abnormali-
ties, and investigator-reported clinical events are summa-
rized in Table 4. A greater number of discontinuations due
to adverse events were observed in the RVX-208 group
(3.7 vs. 2.5 %). Elevations of hepatic transaminases greater
than three times the upper limit of normal occurred more
frequently in the RVX-208 group (7.0 vs. 0 %, P = 0.009).
No episode of liver enzyme elevation was accompanied by
an increase in bilirubin levels above the upper limit of
normal. All episodes of liver enzyme elevation were
observed between 4 and 8 weeks of treatment and resolved
spontaneously when study drug administration continued.
No significant differences in cardiovascular events were
observed between the groups (13.8 % in the placebo
treatment group vs. 7.4 % in the RVX-2008 group,
P = 0.09).

4 Discussion

The ASSURE study evaluated the early impact of a BET
protein inhibitor previously reported to increase endoge-
nous synthesis of apoA-1. While modest increases in apoA-
I and HDL-C and a decrease in LDL-C from baseline were
observed with RVX-208, these changes did not differ from
the placebo group. Furthermore, while reductions from
baseline in plaque burden were observed in the RVX-208
group, these effects did not differ from changes observed in
placebo-treated patients. These data demonstrate that
RVX-208 treatment did not result in any measureable
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Table 1 Patient demographics,  pyrameter Placebo (n = 80) RVX-208 (n = 243) P value
concomitant medications, and
baseline laboratory values in Age (years) 57.6 + 9.6 583 + 8.5 0.57
plaf:ebo- and RVX-208-treated Male 57 (71.3) 189 (77.8) 0.24
patients Caucasian 80 (100) 238 (97.9) 0.76
Body mass index (kg/m?) 305 £5.4 30.0 £ 4.7 0.73
Hypertension 69 (86.3) 193 (79.4) 0.18
Diabetes 23 (28.8) 76 (31.3) 0.67
Smoking history 52 (65.0) 170 (70.0) 0.41
Prior myocardial infarction 32 (40.0) 98 (40.3) 0.96
Prior PCI 35 (43.8) 92 (37.9) 0.35
Prior CABG 2 (2.5) 3(1.2) 0.60
Concomitant medication use
Prior statin use 63 (78.8) 203 (83.5) 0.33
Aspirin 67 (83.8) 208 (85.6) 0.69
Beta blocker 59 (73.8) 196 (80.7) 0.19
ACE inhibitor 37 (46.3) 102 (42.0) 0.50
Baseline biochemistry
Total cholesterol (mmol/l) 4.0 (3.34.9) 4.0 (3.44.8) 0.71
LDL cholesterol (mmol/l) 25+09 25+09 0.67
HDL cholesterol (mmol/l) 1.0 (0.9-1.1) 1.0 (0.9-1.1) 0.97
Triglycerides (mmol/l) 1.5 (1.0-2.1) 1.5 (1.1-2.1) 0.97
Non-HDL cholesterol (mmol/l) 3.0 (2.4-3.8) 3.1 (2.5-3.8) 0.60
Apolipoprotein B (g/l) 0.8 (0.7-1.0) 0.9 (0.7-1.0) 0.84
Apolipoprotein A-I (g/1) 1.2 (1.0-1.3) 1.2 (1.0-1.3) 0.45
Total HDL particles (pumol/l) 25.4 (22.9-28.0) 26.2 (23.6-29.3) 0.12
Small HDL particles (pmol/l) 16.6 (14.5-18.7) 16.8 (14.5-19.5) 0.45
Large HDL particles (pmol/1) 2.1 (1.6-3.1) 2.3 (1.6-3.0) 0.93
hsCRP (mg/1) 3.1 (1.6-5.7) 2.3 (1.1-5.4) 0.24

Data are expressed as mean =+ standard deviation, n (%) or median (interquartile range)

ACE angiotensin-converting enzyme, CABG coronary artery bypass grafting, HDL high-density lipopro-
tein, hsCRP high-sensitivity C-reactive protein, LDL low-density lipoprotein, PCI percutaneous coronary

intervention

incremental benefit on plaque regression for patients with
coronary artery disease and low HDL-C levels.

While there is considerable interest in the discovery of
new anti-atherosclerotic agents for patients with coronary
disease, their clinical development is challenging. Selec-
tion of appropriate efficacy biomarkers is critical in the
early evaluation of new compounds, in order to focus on
agents with the greatest likelihood of success in large and
expensive outcome trials. However, to date, no biomarker
has consistently predicted clinical benefit for HDL-raising
strategies. While substantial interest has focused on mea-
sures of HDL functionality [21, 22], none of these tech-
niques are validated to the point that they can reliably
determine the potential efficacy of new agents.

Since the expected effects of HDL-modifying strategies
involve stimulation of reverse cholesterol transport, the

current study and other efforts have employed techniques
that measure changes in plaque burden as a measure of
their potential benefits. This approach is supported by
observations that measurements of coronary plaque burden
using IVUS are associated with cardiovascular outcomes
[23]. With evidence of enhanced systemic cholesterol
efflux capacity in preliminary studies [10], we anticipated
that RVX-208 might promote incremental regression of
atherosclerotic plaque on serial IVUS evaluation compared
with background therapy. However, RVX-208 did not
demonstrate an incremental benefit on plaque burden and
was accompanied by liver enzyme elevations compared
with placebo.

The lack of additional efficacy of RVX-208 is disap-
pointing and surprising, given promising earlier findings. In
fact, the lipid changes observed with RVX-208 were
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Table 2 Median (interquartile range) percentage change in lipid and inflammatory laboratory values in placebo- and RVX-208-treated patients

Parameter Placebo (n = 80) RVX-208 (n = 243) P value between
T T groups
Percent change P value vs. BL  Percent change P value vs. BL
Total cholesterol (mmol/L) —11.1 (—22.4 t0 8.6) 0.001 —59 (=195t 9.1) <0.001 0.30
LDL cholesterol (mmol/L) —17.9 (=31.6 to 0) <0.001 —158 (—31.0t0 4.3)  <0.001 0.55
HDL cholesterol (mmol/L) 9.1 (—831t0222) <0.001 11.1 (0 to 25.0) <0.001 0.24
Triglycerides (mmol/L) —2.9 (—22.4 t0 43.6) 0.19 4.0 (—24.2 to 33.0) 0.04 0.77
Non-HDL cholesterol (mmol/L) —14.3 (—32.2 to 7.9) <0.001 —12.0 (—28.2 to 6.7) <0.001 0.50
Apolipoprotein B (g/L) —11.5 (-269t04.7)  <0.001 —6.1 (-21.8t0 6.8)  <0.001 0.23
Apolipoprotein A-I (g/L) 10.6 (1.3 to 18.4) <0.001 12.8 (1.1 to 22.5) <0.001 0.18
Total HDL particles (umol/L)* 6.3 (—1.1 to 20.1) <0.001 10.0 (—0.5 to 23.2) <0.001 0.13
Small HDL particles (pmol/L)* 6.0 (—7.5t022.7) 0.003 55(—891t0225)  <0.001 0.98
Large HDL particles (umol/L)* 38.0 (—6.3t0 75.5)  <0.001 38.1 (0 to 95.8) <0.001 0.69
hsCRP (mg/L) —33.8 (—59.8 t0 23.7) 0.08 —32.7 (—67.1 to 16.9) <0.001 0.65

BL baseline, HDL high-density lipoprotein, AsCRP high-sensitivity C-reactive protein, LDL low-density lipoprotein

? Nuclear magnetic resonance spectroscopy-derived HDL particle measures

T P value based on analysis of covariance on rank-transformed data with treatment group as a factor and baseline value as a covariate

Table 3 Measures of atheroma burden at baseline and nominal change in placebo- and RVX-208-treated patients

Parameter Placebo (n = 73) RVX-208 (n = 208) P value®
Baseline atheroma burden
Percent atheroma volume (%) 36.2 (30.2 to 44.8) 38.1 (33.4 to 44.3) 0.11
Total atheroma volume (mm?) 154.8 (118.1 to 209.7) 199.9 (154.4 to 258.3) <0.001
Atheroma volume at most diseased 10-mm 50.7 (37.1 to 70.4) 61.6 (41.9 to 82.9) 0.05
sub-segment (mm3)
Nominal change in atheroma burden
Percent atheroma volume (%) —0.3 (-1.7 to 0.9); P = 0.23" 0.4 (=18 to 1.3); P = 0.08° 0.81
Total atheroma volume (mm?) —38 +12.6; P =0.01° —42 4+ 17.2; P < 0.001° 0.86
Atheroma volume at most diseased 10-mm —13 (5.4 t0 1.9); P = 0.01° —2.2(=6.1 to 1.7); P < 0.001° 0.79
sub-segment (mm3)
Percentage of patients demonstrating any regression
Percent atheroma volume 41 (56.2) 117 (56.3) 0.99
Total atheroma volume 40 (54.8) 115 (55.3) 0.94

Data are presented as median (interquartile range), n (%), or as least-squared mean =+ standard error

* P value for comparison between groups. For nominal change in atheroma burden, the P value was generated from an analysis of covariance on
rank-transformed data with treatment group as a factor and baseline value as a covariate

® P value for comparison from baseline

similar to those reported in prior studies, yet they paralleled
changes in the placebo group, resulting in no incremental
benefit on plaque burden. Despite prior evidence of
enhanced cholesterol efflux capacity [10] and accumulation
of larger, cholesterol-rich HDL particles [9], we observed
no incremental effect on HDL-associated measures com-
pared with placebo. This is particularly striking since
patients had low HDL cholesterol levels at baseline. The
lack of a robust incremental impact on systemic measures
of HDL presaged the failure of RVX-208 to promote
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greater plaque regression in well-treated patients. This
finding may possibly reflect either a lack of efficacy of
RVX-208 or the inability to improve on benefits produced
by statins and other background therapies. It should be
particularly noted that the lipid changes in the placebo
group were unexpected and may have contributed to the
lack of benefit on plaque burden with RVX-208 in this
study.

Enhanced endogenous expression of apoA-I is an
attractive approach to the therapeutic modification of HDL
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Fig. 2 Prespecified subgroup Baseline P-value for P-value for
analysis of the primary Characteristics N Median (IQR) Median (IQR) treatment interaction
endpoint, change in percent Age H 0.42
atheroma volume from baseline < ?35| b - ' 0.28 (1.70 10 1.15 0.78
. ——e— -0. -1. .
in the RVX-208 treatment group R\?)%?Z(())S 156 ; P N -0.48 §_1 ‘93 %g 1.30;
to week 26. Apo apolipoprotein, 265 1 0.42
HDL high-density lipoprotein, El\%%?ggs g; : ' o .‘ . '8SZ g_'1zg ;‘g ?%))
HDL-C HDL-cholesterol, hs- ! ' ’ '
CRP high-sensitivity C-reactive G?\?:I:r H 0.81 0.51
protein, /QR interquartile range, Placebo 51 —e—— -0.30 (-1.73 t0 1.36) '
PAV percent atheroma volume RVX-208 162 = -0.49 (-1.82 to 1.24)
P F I 0.56
emale [ .
Placebo 22 —e1— -0.38 (-1.66 t0 0.73)
RVX-208 46 e -0.13 (-1.80 to 1.35)
1
Diabetes ; 058 0.40
es 1 .
Placebo 19 ——e— -0.30 (-2.21 to 1.23)
N RVX-208 64 ——e— -0.03 (-1.58 to 1.37) 0.71
] 1 .
Placebo 54 —e— -0.32 (-1.70 to 0.90)
RVX-208 144 -1 -0.50 (-1.97 to 1.11)
Baseline PAV ; 0.16
< Median 1 0.54
Placebo 46 —1— 0.60 (-1.53 to 1.36)
'\I}Vé(—ZOS 113 —e— -0.20 (-1.45 10 1.32) 0.22
= Median [ .
Placebo 27 —e—i: -0.90 (-2.48 to -0.29)
RVX-208 112 e -0.54 (-2.28 to 1.20)
1
Baseline HDL-C i 0.42
< Median 1 0.62
Placebo 34 e -0.79 (-2.0t0 0.61)
I\I;{Vég-ZOS 92 e -0.66 (-2.15 to 1.36) 0.47
> Median 1 .
Placebo 39 —e— 0.53 (-1.44 t0 1.47)
RVX-208 14 —— -0.09 (-1.38 to 1.16)
Baseline Apo-A1 E 0.55
< Median ' 0.56
Placebo 41 ——e+— -0.29 (-1.55 t0 0.74)
]\I}Vg{-ZOS 97 ——— -0.55 (-1.89 to 1.05) 074
> Median 1 .
Placebo 31 —e—— -0.47 (-2.21 to 1.47)
RVX-208 105 e -0.04 (-1.63 to 1.41)
Large HDL particles i 0.13
< Median 1 0.43
Placebo 40 —e1— -0.36 (-1.71 t0 0.82)
I\I}V;{—ZOB 91 e -0.60 (-2.12 to 1.04) 028
2 Median 1 .
Placebo 32 —er— -0.32 (-1.86 to 0.96)
RVX-208 110 —e— 0.06 (-1.58 to 1.52)
1
Baseline hs-CRP E 0.40
< Median 1 0.47
Placebo 32 —t— 0.31 (-1.54 to 1.45)
l\I/TV(;(—208 109 —e— -0.17 (-1.80 to 1.15) 0.69
= Median ! .
Placebo 41 —eT— -0.45 (-2.121t0 0.73)
RVX-208 97 —e—t -0.55 (-1.96 to 1.32)
1
Statin use during follow-up E 0.99
Atorvastatin 1 0.97
Placebo 28 I —e | 0.62 (-2.16 t0 2.01)
RVX-208 93 —— 0.20 (-1.58 to 1.60)
Rosuvastatin ! 0.84
Placebo 44 —— -0.61 (-1.60 t0 0.73)
RVX-208 115 —=e—1— -0.61 (-1.97 to 0.85)

I
-3

function. Finding an agent that selectively upregulates
hepatic apoA-I expression, without effects on other pro-
teins, has proven daunting. The lipid changes in previous
studies of RVX-208 were consistent with enhanced lipid
mobilization. However, given the lack of any discernible
incremental effect on HDL with RVX-208 in ASSURE I,
the absence of a favorable impact on atherosclerotic plaque

— T T T T
2 -1 0 1 2 3

Regression  Progression

should not be interpreted as a failure of the HDL hypoth-
esis. Ongoing clinical trials will evaluate the potential
cardiovascular efficacy of other mechanisms that target
HDL. While it is possible that HDL may be present in a
dysfunctional form in patients with coronary disease and a
high prevalence of concomitant risk factors [24], whether
this may have contributed to any lack of incremental
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Table 4 Reasons for

Parameter Placebo RVX-208 P value
discontinuation from the study, (n = 80) (n =243)
laboratory abnormalities, and
cardiovascular events in Discontinuation from study
pl‘;ce:to' and RVX-208-treated Discontinuation 4 (5.0) 19 (7.8) 0.40
patients Reason for discontinuation
Adverse event 1(1.3) 1(0.4)
Lost to follow-up 0 2 (0.8)
Withdrawal of consent 2 (2.5) 14 (5.8)
Death 1(1.3) 0
Other 0 2 (0.8)
Laboratory abnormalities
ALT/AST >3 x ULN 0 17 (7.1) 0.009
Bilirubin >2 x ULN 0 0 1.00
CK >3 x ULN 0 3(1.3) 0.58
Creatinine >1.5 x ULN 0 2 (0.9) 1.00
Cardiovascular events
Major adverse cardiovascular events 11 (13.8) 18 (7.4) 0.09
Death 1(1.3) 0 0.25
Myocardial infarction 1(1.3) 4 (1.6) 1.00
Coronary revascularization 7 (8.8) 11 (4.5) 0.17
Hospitalization for unstable angina or heart failure 3 (3.8) 5@2.1) 0.41

Data are presented as n (%) unless otherwise indicated
Four patients did not have follow-up ALT/AST data and 11 patients did not have follow-up CK or

creatinine data

ALT alanine transaminase, AST aspartate transaminase, CK creatine kinase, ULN upper limit of normal

benefit on plaque burden is uncertain. The prior observa-
tions that RVX-208 increases large HDL particles would
suggest that HDL is intact, although this requires ongoing
validation.

Molecular investigations revealed that RVX-208
increased hepatic apoA-I expression via bromodomain and
extra-terminal protein inhibition. Resulting derepression of
the genetic sequence coding for apoA-1 led to an increase
in protein synthesis [25]. As a result, this compound rep-
resents the first epigenetic foray into the metabolic treat-
ment of cardiovascular disease. It will be of interest to see
whether other epigenetic therapeutic approaches to the
modification of cardiometabolic risk proceed into clinical
development.

A number of limitations of the current study should be
noted. All patients presented for a clinically indicated
coronary angiogram. Whether similar findings would have
been observed in asymptomatic individuals is unknown.
The study was shorter in duration than previous IVUS
evaluations of oral therapies. Whether a favorable impact
of RVX-208 might be observed during a longer period of
follow-up is beyond the scope of this study. The current
analysis evaluated the impact of RVX-208 on plaque
volume and not plaque morphology. Patients requiring
treatment with the highest doses of atorvastatin and
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rosuvastatin were excluded, thus the impact of RVX-208
in combination with potent statin therapy, which promotes
marked disease regression [26], remains unknown. While
no significant differences in patient characteristics were
observed between the groups at baseline, the potential
effect of residual confounding cannot be excluded. We did
observe that several baseline measures of plaque burden
were greater in the RVX-208-treated group. Previous
studies have demonstrated greater regression in patients
with higher baseline plaque volume [27]. Accordingly, a
greater degree of regression with RVX-208 might have
been anticipated in this setting, but was not observed. The
ASSURE study was not powered to definitively evaluate
the impact of RVX-208 on cardiovascular events, which
would require evaluation via a large clinical outcomes
trial.

In the quarter century following the introduction of
statins to clinical practice, the search to identify new
strategies to achieve greater cardiovascular risk reductions
has been intensive yet unsuccessful. Ongoing residual risk
[28] with current approaches and intolerance in some
patients [29] emphasizes the need to develop new agents to
reduce cardiovascular risk. In the current study, we did not
observe an incremental effect on protective lipid parame-
ters and atherosclerotic plaque burden with RVX-208. The
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search to identify a strategy that promotes HDL function-
ality and improve cardiovascular outcomes continues.
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