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HIGHLIGHTS

® Alkaline phosphatase (ALP) predicts residual cardiovascular risk in patients with cardiovascular disease on statin treatment.

® Apabetalone treatment reduces circulating ALP in a dose-dependent fashion.

® The reduction of circulating ALP by apabetalone is associated with a reduction in major adverse cardiovascular events (MACE).
® The association of ALP reduction with MACE is independent of concurrent levels of high-sensitivity C-reactive protein.

ARTICLE INFO ABSTRACT

Keywords: Background and aims: In patients with cardiovascular disease, considerable residual risk remains despite evi-
Epigenetic dence-based secondary prevention measures. Alkaline phosphatase (ALP) has been suggested as a modifiable
Alkaline phosphatase cardiovascular risk factor. We sought to determine whether cardiovascular risk reduction by the bromodomain
Major adverse cardiovascular event and extra-terminal (BET) protein inhibitor apabetalone is associated with the concomitant lowering of serum
Residual cardiovascular risk ALP.

betals . . . . . .
apabetaione Methods: In a post-hoc analysis of 795 patients with established coronary heart disease and statin treatment, who

participated in phase 2 placebo-controlled trials of apabetalone, we determined the effect of assigned treatment
for up to 24 weeks on the incidence of major adverse cardiovascular events (MACE) and serum ALP.

Results: Baseline ALP (median 72 U/L) predicted MACE (death, non-fatal myocardial infarction, coronary re-
vascularization, or hospitalization for cardiovascular causes), independent of high-sensitivity C-reactive protein
(hsCRP), sex, age, race, study, cardiovascular risk factors, chronic kidney disease (CKD), liver function markers
and treatment allocation (hazard ratio [HR] per standard deviation [SD] 1.6, 95% CI 1.19-2.16, p = 0.002).
Mean placebo-corrected decreases in ALP from baseline were 9.2% (p < 0.001) after 12-14 weeks and 7.7%
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(p < 0.001) after 24-26 weeks of apabetalone treatment. In the apabetalone group, a 1-SD reduction in ALP was
associated with a HR for MACE of 0.64 (95% CI 0.46-0.90, p = 0.009).

Conclusions: Serum ALP predicts residual cardiovascular risk, independent of hsCRP, established cardiovascular
risk factors and CKD, in patients with cardiovascular disease on statin treatment. Apabetalone lowers serum ALP,
which was associated with a lower risk of cardiovascular events. Whether the beneficial cardiovascular effects of
apabetalone are causally related to ALP reduction remains undetermined.

1. Introduction

Despite evidence-based secondary prevention strategies including
statins, patients with cardiovascular disease, type 2 diabetes, and/or
chronic kidney disease remain at considerable risk for ischemic cardi-
ovascular events. In the search for additional modifiable targets, alka-
line phosphatase (ALP) has emerged as a cardiovascular risk marker,
and may also be a pathogenic cardiovascular risk factor [1]. Experi-
mental and clinical studies link ALP to increased vascular calcification
and inflammation. Epidemiological studies have demonstrated corre-
lations between serum ALP activity and the incidence of death [2,3] or
major adverse cardiovascular events (MACE) [4,5], myocardial infarc-
tion [6], stroke [7], cerebral small vessel disease [8], re-stenosis after
coronary revascularization [9], coronary slow flow phenomenon [10],
and peripheral arterial disease [11]. Circulating ALP is associated with
coronary calcification [12,13] and ALP activity is implicated in calci-
fication of vascular smooth muscle cells [14]. Furthermore, ALP is ex-
pressed by inflammatory cells [15,16], and the association of circu-
lating ALP with cardiovascular events is modulated, but not eliminated
by adjustment for other markers of inflammation and oxidative stress
[17-19].

Bromodomain and extra-terminal (BET) proteins are a family of
bromodomain (BD) containing proteins that bind acetylated lysines on
the histones that compact DNA to chromatin, thereby regulating gene
transcription [20]. Through this epigenetic mechanism, BET proteins
have been shown to regulate the expression of proteins implicated in
the development of many disease states [21-23]. Apabetalone (RVX-
208) is an oral small molecule that targets the second bromodomain of
BET proteins BRD2, BRD3, and BRD4, inhibiting the transcriptional
interactions of BET proteins with acetylated lysines on histones and
transcription factors. In experimental models and human studies, apa-
betalone has been shown to target multiple processes that may underlie
cardiovascular disease, including vascular -calcification [24], in-
flammation, atherogenesis, thrombosis and reverse cholesterol trans-
port [25,26]. In phase 2 studies, treatment with apabetalone was as-
sociated with a reduction of MACE [27], favorable modulation of
coronary atherosclerotic plaque [28], and improvement of kidney
function [29], and the drug is currently under study in a phase 3 trial in
patients with type 2 diabetes and a recent acute coronary syndrome
[30]. No safety concerns have arisen in experimental, toxicological, or
clinical studies except for a transient elevation of liver transaminases,
which resolves without sequelae, either with continued dosing or fol-
lowing therapy discontinuation.

Here, we report the effect of apabetalone on ALP activity in a post-
hoc aggregate analysis of phase 2 clinical trials, and the association of
its effects on ALP and MACE.

2. Patients and methods
2.1. ASSERT, SUSTAIN and ASSURE study design

The rationale and design of the ASSERT (clinicaltrials.gov
NCT01058018),  SUSTAIN  (NCT01423188), and ASSURE
(NCT01067820) studies have been published previously [31-33]. The
ASSERT study evaluated the safety and tolerability of three doses of
apabetalone in 299 statin-treated patients with coronary artery disease.
Patients were treated with placebo or apabetalone at a dose of 50 mg,
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100 mg, or 150 mg twice daily for 12 weeks. In SUSTAIN, 176 statin-
treated patients with low levels of HDL-C were randomized to receive
placebo or apabetalone 100 mg twice daily for 24 weeks and evaluated
for changes in lipid parameters including HDL-C. In ASSURE, 323 pa-
tients with angiographic coronary artery disease and low HDL-C levels
were randomized to receive placebo or apabetalone 100 mg twice daily
for 26 weeks and evaluated for progression of coronary atherosclerosis
using serial intravascular ultrasound measurements. Adherence to
study medication, determined by counting tablets of study medication
returned by participants, did not differ between active and placebo
groups or among groups receiving different doses. In each study, pa-
tients were evaluated for cardiovascular events until 30 days following
end of treatment phase. MACE was a pre-specified endpoint for ASSURE
but not for ASSERT or SUSTAIN. The effect of apabetalone on ALP was
evaluated in all three studies. Three patients from the ASSURE trial
were excluded from the current study due to missing information on
baseline ALP. Written informed consent was obtained from each patient
included in the original studies. The study protocols conform to the
ethical guidelines of the 1975 Declaration of Helsinki and have been
priorly approved by the respective Institution's ethics committee on
research on humans.

2.2. Study visits and laboratory tests

In ASSERT, ALP activity was measured at baseline, every 2 weeks
during the randomized treatment phase, and at follow-up 4 weeks
following the termination of the study drug. In SUSTAIN and ASSURE,
ALP was measured at baseline, at Week 12 or 14, and at Week 24 or 26
of study treatment. A central laboratory performed all biochemical
determinations (Icon, Farmingdale, New York, for ASSERT or ACM,
Rochester, NY, USA and York, UK, for SUSTAIN and ASSURE). Normal
ranges for serum ALP were 53-129 U/L for males, 42-98 U/L for fe-
males 18-59 years, and 53-141 U/L for females =60 years. MACE
(death, myocardial infarction, defined by 2 out of 3 criteria: 1. clinical
signs/symptoms, 2. elevated circulating cardiac troponin or creatinine
kinase isoenzyme MB, 3. EKG changes, coronary revascularization, and
hospitalization for cardiovascular causes) were investigator-reported
and were not centrally adjudicated [27].

2.3. Statistical tests

Demographic and laboratory characteristics are summarized for all
randomized participants in the ASSERT, SUSTAIN, or ASSURE trials
who had a baseline ALP measurement and took at least 1 dose of study
drug. The categorical variables are summarized using frequencies (%),
while continuous variables are reported as median (interquartile
range). To improve comparability, continuous variables were standar-
dized in regression analyses and expressed as standard deviation (1-SD)
when appropriate. Throughout the study the x-square test was em-
ployed for paired comparisons of categorical variables and the non-
parametric Mann Whitney test was used for continuous variables, if not
specified otherwise.

In ASSERT, analysis of ALP was performed in participants with a
baseline and at least 1 post-baseline value through the 12-week treat-
ment period. Last observation carried forward (LOCF) was used when
the Week 12 value was not available. A nonparametric rank analysis of
covariance (ANCOVA) was employed to compare the percentage
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change from baseline at Weeks 4, 6, 8, 10 and 12 in each active
treatment group with placebo, after controlling for the ranked baseline
value. Pairwise p-values were adjusted for multiple comparisons with
Dunnett's method. The placebo-corrected changes of ALP in the
ASSURE and SUSTAIN trials were calculated using Bayes Factor
Independent Sample Test.

After combining baseline data from the three trials, characteristics
of patients who did or did not experience MACE were compared. For
comparison between patients with high and low ALP, all participants
were stratified according to the median baseline ALP. The prediction of
the first occurrence of MACE by baseline ALP was calculated using log
rank analysis in a Kaplan-Meier procedure, stratified by median ALP
and adjusted for treatment allocation, and Cox proportional hazards
models, adjusted for baseline hsCRP, age, sex, established cardiovas-
cular risk factors (diabetes status, smoking status, hyperlipidemia, de-
fined as elevated LDL-C or HDL-C < 45mg/dL for women, < 40 mg/
dL for men, hypertension, and history of cardiovascular disease as
conveyed by the patient), chronic kidney disease (CKD, defined as es-
timated glomerular filtration rate < 60 mL/min/1.73m?, calculated
from serum creatinine, using the Chronic Kidney Disease Epidemiology
Collaboration formula), and study.

For the determination of the association between the change from
baseline in ALP and the incidence of MACE, pooled data from patients
participating in the ASSERT, SUSTAIN, or ASSURE trials with ALP at
baseline and follow-up at 12-14 weeks from randomization were ana-
lyzed. In addition, data from patients with a baseline and follow-up ALP
at 24-26 weeks from randomization in the SUSTAIN or ASSURE trial
were analyzed. As the ALP-lowering effect of apabetalone occurred as
soon as 4 weeks after treatment start and was sustained throughout the
trials, all events after randomization were included in the primary
analyses, with the exception that patients with MACE within 2 weeks
before blood sampling were excluded to avoid a potential acute effect of
MACE on ALP, which has a serum half-life of 1 week. Thus, 794 and 492
patients were included in the Cox proportional hazard models at 12-14
and 24-26 weeks, respectively. Sensitivity analyses were performed
including all patients. Additional sensitivity analyses were performed
after excluding patients with events before 4 and 8 weeks, however,
after 12 weeks, the remaining incidence of events was insufficient for
further statistical analyses (data not shown). The associations of
changes in ALP with time to first MACE were assessed in each treatment
group with Cox proportional hazards models adjusted for baseline ALP,
baseline hsCRP, baseline liver function markers, change of hsCRP, sex,
age, race, established cardiovascular risk factors, CKD, and study. For
further determination of the association of ALP lowering by apabeta-
lone with the incidence of MACE, apabetalone-treated patients were
categorized according to median on-treatment ALP after 12-14 weeks.
Relationships of MACE to 1-SD decrease of on-treatment ALP or hsCRP
at Week 12-14 and to the change of ALP or hsCRP from baseline to
Week 12-14 were examined in Cox proportional hazard models ad-
justed for sex, age, race, established cardiovascular risk factors, CKD,
study, treatment modality, and baseline ALP, hsCRP, and liver function
tests.

3. Results

Baseline ALP was available in a total of 795 patients from the ASSERT,
ASSURE and SUSTAIN trials (Supplementary Fig. 1). Demographic data
and laboratory parameters are summarized in Table 1. Median baseline
ALP was 72 U/L. Patients with baseline ALP below the median also had
lower baseline hsCRP and were more often of male sex. No difference was
found in age or prevalence of diabetes at baseline (Table 1).

3.1. Apabetalone treatment reduces serum ALP

Aggregate follow-up for the 795 patients included in this analysis
was 4343 months, with a median (interquartile range) follow-up time of
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197 (114-211) days. In ASSERT, ALP levels were decreased under
apabetalone treatment in a dose-dependent manner. Table 2 sum-
marizes the percentage change in ALP from baseline at each time point
in each treatment group; detailed comparisons between groups are
listed in Supplementary Table 1. Each dose of apabetalone produced a
significant reduction in ALP. The decrease in ALP was observed by
Week 4 and was sustained throughout the course of the study. In
SUSTAIN, during the 24 weeks of treatment with apabetalone, the mean
placebo-corrected reduction in ALP at Week 12 was 13.1%
(p < 0.001). The reduction of ALP observed at Week 12 was main-
tained at Week 24 (Supplementary Fig. 2). In ASSURE, during the 26
weeks of treatment with apabetalone, the mean placebo-corrected re-
duction in ALP at Week 14 was 9.9% (p = 0.003). The reduction ob-
served at Week 14 was maintained at Week 26 (Supplemental Fig. 3).
The pooled analysis of all trials resulted in mean placebo-corrected
decreases in ALP from baseline of 9.2% (p < 0.001) after 12-14 weeks
and 7.7% (p < 0.001) after 24-26 weeks of apabetalone treatment.
The decrease of ALP in all studies was not accompanied by a change in
other liver enzymes.

3.2. Baseline ALP associates with MACE

Forty-three of 795 (5.4%) patients experienced MACE (Table 3).
Types of events were coronary revascularization (N = 23), hospitali-
zation for acute coronary syndrome or heart failure (N = 12), myo-
cardial infarction (N = 4), and death (N = 4). Patients who experi-
enced MACE had higher baseline levels of ALP than those who did not
(Table 3). Similarly, when baseline ALP was dichotomized at its
median, patients with levels above the median had an higher risk of
developing MACE during follow-up (p = 0.04, Fig. 1). The association
of baseline ALP with the occurrence of MACE remained significant after
adjustment for treatment allocation, age, sex, race, established cardio-
vascular risk factors, CKD, hsCRP, calcium, markers of liver function,
and study (hazard ratio per 1-SD 1.6, 95% CI 1.19-2.16, p = 0.002; 1-
SD = 21 U/L).

3.3. ALP reduction by apabetalone associates with prevention of MACE

Serum ALP after 24-26 weeks of treatment was available in 467 of

Table 1
Baseline demographic and laboratory data.
All patients ALP groups
N =795 < 72U/L =72 U/L p
(N = 400) (N = 395)

Female sex [N (%)] 211 (26.5) 88 (22.3) 123 (30.8) 0.007
Caucasian [N (%)] 679 (85.5) 356 (90.1) 323 (80.8) < 0.001
Diabetes [N (%)] 278 (35) 133 (33.7) 145 (36.3) 0.5
Smoking [N (%)] 191 (24) 88 (22.3) 103 (25.8) 0.3
Hyperlipidemia [N (%)] 468 (58.9) 235 (59.5) 233 (58.3) 0.7
Hypertension [N (%)] 655 (82.4) 332 (84.1) 323 (80.8) 0.2
Previous CVD [N (%)] 743 (92.5) 375 (94.5) 368 (92) 0.1

CKD [N (%)] 94 (11.8) 49 (12.4) 45 (11.3) 0.6

Age (years) 61 (14) 62 (14) 61 (15) 0.4

BMI 29.4 (6.8) 29.4(6.7) 29.6 (7.1) 0.9

ALP (U/L) 72 (26) 59 (14) 85 (19) < 0.001
ALT (U/L) 24 (12) 24 (11) 24 (12) 0.9

AST (U/L) 20 (8) 20 (8) 20 (8) 0.8

GGT (U/L) 26 (18) 25 (19) 27 (17) 0.1
Bilirubin (mg/dL) 0.6 (0.5) 0.5 (0.4) 0.5 (3.5) 0.2
Calcium (mg/dL) 9.2 (1.5) 9.2 (1.1) 9.2(7.1) 0.8
hsCRP (mg/L) 2.2 (4.1) 1.5 (3.1) 3.1(4.9 < 0.001

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CVD, cardiovascular disease; CKD, chronic kidney disease;
BMI, body mass index; GGT, gamma-glutamyl transferase; hsCRP, high sensi-
tivity C-reactive protein.

Data for continuous variables are expressed as median (interquartile range).
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Table 2
Percentage change of ALP from baseline in ASSERT.
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Time Point Placebo Apabetalone 100 mg p vs. placebo  Apabetalone 200 mg p vs. placebo  Apabetalone 300 mg p vs. placebo
(n=74) (n = 76) (n =75) (n =74

Week 4 0.0 —6.6 < 0.0001 -9.6 < 0.0001 —-13.5 < 0.0001

Week 6 +1.2 -6.2 < 0.0001 -11.5 < 0.0001 -13.7 < 0.0001

Week 8 +1.1 -7.1 < 0.0001 -11.4 < 0.0001 -14.5 < 0.0001

Week 10 —0.48 —-6.3 0.001 —-11.4 < 0.0001 —-14.0 < 0.0001

Week 12/End of Treatment +1.8 —4.2 < 0.0001 —-12.5 < 0.0001 -12.7 < 0.0001

Table 3
Baseline demographic and biochemical data in patients with or without MACE.

MACE (N = 43) No MACE (N = 752) p

Female sex [N (%)] 13 (30.2) 198 (26.3) 0.6
Caucasian [N (%)] 38 (88.4) 641 (85.2) 0.6
Diabetes [N (%)] 18 (41.9) 260 (34.6) 0.3
Smoking [N (%)] 13 (30.2) 178 (23.7) 0.3
Hyperlipidaemia [N (%)] 32 (74.4) 436 (58.0) 0.03
Hypertension [N (%)] 37 (86.0) 618 (82.2) 0.5
Previous CVD [N (%)] 42 (97.7) 701 (93.2) 0.2
CKD [N (%)] 4(9.3) 90 (12.0) 0.6
Age (years) 62 (12) 61 (14) 0.7
BMI 29.9 (8) 29.4 (6.7) 1.0
ALP (U/L) 80 (34) 71 (26) 0.004
ALT (U/L) 24 (12) 24 (12) 0.6
AST (U/L) 20 (8) 20 (8) 0.7
GGT (U/L) 26 (18) 28 (23) 0.3
Total bilirubin (mg/dL) 0.6 (0.6) 0.5 (0.4) 0.9
Calcium (mg/dL) 9.2 (1.5) 9.2 (1.3) 0.7
hsCRP (mg/L) 3.6 (4.8) 2.1 (3.9 0.02

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CVD, cardiovascular disease; CKD, chronic kidney disease;
BMI, body mass index; GGT, gamma-glutamyl transferase; hsCRP, high sensi-
tivity C-reactive protein.

Data for continuous variables are expressed as median (interquartile range).

the 496 participants in the SUSTAIN or ASSURE trial; one patient with
an event 2 weeks prior to blood sampling at 12-14 weeks and 4 patients
with events within 2 weeks prior to blood sampling at 24-26 weeks
were excluded from the following analyses. Apabetalone significantly

12%

10 %

8 %

6 %

4%

Cumulative incidence of MACE

reduced ALP at 12-14 weeks of treatment and this effect was sustained
at 24-26 weeks of treatment, whereas there were no significant changes
in ALP among the placebo group (Fig. 2). Among the apabetalone
treated group, the decrease in ALP from baseline at Week 12-14 was
associated with lower risk of MACE (HR 0.64 per 1-SD (95% CI
0.46-0.90), p = 0.009; 1-SD = 13 U/L), independent of age, sex, race,
established cardiovascular risk factors, CKD; baseline ALP, hsCRP,
calcium, and liver function, changes of hsCRP from baseline, and study.
Similar associations were observed when assessing the change in ALP at
Week 24-26 with subsequent outcome (HR 0.66 per 1-SD (95% CI
0.43-0.99), p = 0.045; 1-SD = 14 U/L).

Among all patients, each 1-SD lower ALP on assigned study treat-
ment at Week 12-14 was associated with a lower risk of MACE (HR
0.54 (95% CI 0.32-0.89), p = 0.02; 1-SD = 21 U/L). A similar asso-
ciation with lower risk of MACE was found for the absolute change in
ALP from baseline to Week 12-14 (HR 0.68 (95% CI 0.49-0.93),
p = 0.02; 1-SD = 13 U/L). In contrast, no significant associations were
observed between on-treatment hsCRP or absolute change of hsCRP
level from baseline to Week 12-14 and risk of MACE (Fig. 3).

4. Discussion

Apabetalone is the first epigenetic oral therapeutic in the bromo-
domain and extra-terminal (BET) protein inhibitor class to be evaluated
as a treatment for patients with cardiovascular disease [23]. Apabeta-
lone acts by inhibiting BET proteins from binding to acetylated lysines
on the histone tails of chromatin, thus representing a mechanism by
which gene expression can be modulated [23]. This approach has the

Days 0 50
Numbers at risk 795 766

a |_og rank analysis, adjusted for treatment allocation

Fig. 1. Incidence of first MACE according to median baseline level of ALP.

TIALP < T2 UL

—ALP 272 UL
100 150 200
742 453 302

Numbers at risk reflect the fact that contributing trials had different lengths of follow-up.
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Median ALP % change at 12-14 weeks

p<0.001

Placebo Apabetalone

Fig. 2. Change of ALP from baseline.
Error bars represent 95% CI.

potential to impact multiple dysregulated genes and biological path-
ways that may be involved in the pathogenesis or progression of car-
diovascular disease.

Here, we report the reduction of ALP in CVD patients following
treatment with the epigenetic modulator apabetalone. Baseline ALP
was strongly and independently associated with the occurrence of
MACE, and ALP was significantly reduced with apabetalone, compared
with placebo. ALP reduction with apabetalone was paralleled by a re-
duction in the incidence of MACE compared to the placebo group, as
previously reported [27]. The trend for MACE event reduction was
consistent across three studies (Supplementary Fig. 4).

Our finding of higher baseline ALP in patients who experienced a
MACE compared to patients who did not is in accordance with earlier
reports of an association of increased ALP with the incidence of MACE
in STEMI patients after PCI [4,5] and is further supported by a large
body of evidence for associations of increased serum ALP with all-cause

Atherosclerosis 290 (2019) 59-65

0%

Median ALP % change at 24-26 weeks

p<0.001

Placebo Apabetalone

and cardiovascular mortality and with the incidence of cardiovascular
events [1,34]. The association of an increased cardiovascular risk with
higher ALP activities within the range of normal values in the current
study is in accordance with most previous studies. The current study is
the first indication that a therapeutic intervention in humans may si-
multaneously lower ALP and improve cardiovascular outcome.

A major finding of the current study is the association between re-
duction of ALP and reduction of MACE by apabetalone. ALP may pro-
mote vascular calcification and arterial stiffness [12,13,35], vascular
inflammation [18], destabilization of atherosclerotic plaques [15,36],
and oxidative stress [19], and thereby contribute to cardiovascular
disease. A pathogenic role for ALP in promoting vascular calcification
and atherosclerosis progression is supported by animal studies of tar-
geted overexpression of ALP in endothelial cells [37] or vascular
smooth muscle cells [38], where vascular calcification and the in-
cidence of cardiovascular events could be reduced by treatment with

Change from baseline at Week 12-14 HR 95% Cl P
Per 1 SD lower ALP —_— 0.68 049-0.93 0.02
Per 1 SD lower hsCRP . 1.24 0.60 - 2.58 0.57
0,0 0,5 1,0 1,5 2,0 2,5
Hazard ratio
On-treatment levels at Week 12-14
Per 1 SD lower ALP —— 0.54 0.32-0.89 0.02
Per 1 SD lower hsCRP 1.16 0.70-1.92 0.57
0,0 0,5 1,0 1,5 2,0 2,5

Hazard ratio

Fig. 3. Associations of ALP and hsCRP level reduction or on-treatment levels with risk of MACE.

On-treatment levels are defined as levels at Week 12-14 of therapy. Markers represent hazard ratios (HR) and lines represent 95% confidence intervals (CI) per
standard deviation (SD) decrease, calculated by Cox proportional hazard models adjusted for sex, age, race, established cardiovascular risk factors, chronic kidney
disease, study, treatment modality, and baseline alkaline phosphatase (ALP), high-sensitivity C-reactive protein (hsCRP), and liver function tests. A 1 SD of on-
treatment ALP at Week 12-14 corresponds to 21 U/L and a 1-SD of absolute change in ALP from baseline to Week 12-14 corresponds to 13 U/L. The corresponding 1-
SD values for on-treatment hsCRP and hsCRP change from baseline to Week 12-14 are 5.4 mg/L and 7.9 mg/L, respectively.
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pharmacological doses of a direct ALP inhibitor [38]. Vascular calcifi-
cation is driven by cells of mesenchymal origin that adapt a calciotropic
phenotype in response to pro-calcific stimuli. A common feature of
these mineralization-competent cells is the secretion of ALP-rich matrix
vesicles that propagate the mineralization of extracellular matrix [39].
Apabetalone attenuates calcification and gene expression of ALP and
other key factors that promote calcification, paralleled by a reduction of
ALP protein levels and enzyme activity, in vascular smooth muscle cells
(VSMCs) during osteogenic transdifferentiation [24].

Inflammatory processes are pivotal to the progression of athero-
sclerosis, and inflammatory biomarkers predict risk in atherosclerotic
cardiovascular disease [40]. Circulating ALP correlates with hsCRP in
the current study, but the association of baseline ALP with MACE in-
cidence was independent of hsCRP, which is consistent with previous
studies [9,18,41]. Likewise, the association of the change of ALP with
MACE remained significant after adjustment for baseline hsCRP and
change of hsCRP. This implies that ALP provides additional prognostic
information not conveyed by the "standard" inflammatory marker
hsCRP. In atherosclerotic plaque, ALP expressing inflammatory cells
may contribute to increased plaque vulnerability [15,36]. ALP interacts
with TNF alpha and other inflammatory cytokines in the stimulation of
VSMC calcification [16] and may thus be involved in processes linking
vascular inflammation to calcification. Oxidative stress also induces
vascular calcification and the up-regulation of ALP in vascular smooth
muscle cells [42] and the mortality risk associated with ALP is ampli-
fied in the presence of increased oxidative stress [19]. Oxidative stress
was not determined in the current study, but apabetalone was pre-
viously shown to inhibit mediators of inflammation and oxidative stress
at the gene expression and protein level [25,43].

Although clinical and experimental evidence supports an active role
for ALP in cardiovascular disease, the current study does not allow us to
determine whether ALP is a marker or a mediator of cardiovascular
risk. Another limitation of the current analysis is that it is a post-hoc
analysis of the association of a post-randomization biomarker with
cardiovascular outcomes in pooled data from three different phase 2
clinical studies, none of which was individually powered to identify a
significant difference in cardiovascular outcomes. ASSERT was in-
tended to examine apolipoprotein Al percent changes; SUSTAIN for
HDL-C percent changes; and ASSURE for coronary atheroma percent
change assessed with intravascular ultrasound. Although there are si-
milarities among the trials in study design, differences in study popu-
lations may have affected outcomes and effects of treatment. The
analysis is also limited by a low event rate, short follow-up, and a small
number of MACE events, some of which were associated with cardio-
vascular procedures rather than spontaneous events. Investigator-re-
ported outcomes may be subject to misclassification. Nonetheless, each
of the trials was double blind, making it unlikely that a difference in
MACE between treatment groups resulted from biased reporting by
investigators. The phase 3 BETonMACE trial will accumulate a much
larger number of MACE events and has a primary endpoint of cardio-
vascular death, non-fatal myocardial infarction, or stroke [30]. Forth-
coming data from BETonMACE will determine whether reduction of
ALP by apabetalone is associated with reduction of hard cardiovascular
outcomes.

In summary, the present post-hoc analysis of pooled data from the
ASSERT, ASSURE and SUSTAIN studies shows that serum ALP is asso-
ciated with residual cardiovascular risk in patients with pre-existing
cardiovascular disease on statin treatment, providing further evidence
that ALP is a cardiovascular risk factor. The novel BET inhibitor apa-
betalone lowers serum ALP activity in a dose dependent fashion and
reduces the incidence of MACE, and the magnitude of benefit appeared
to be correlated with the extent of ALP reduction. However, the current
analysis is hypothesis generating. Further experimental and clinical
data are needed to determine whether ALP is a direct participant in
atherothrombotic events and therefore a therapeutic target in its own
right.
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