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Abstract
Background and objectives CKD and type 2 diabetes mellitus interact to increase the risk of major adverse
cardiovascular events (i.e., cardiovascular death, nonfatal myocardial infarction, or stroke) and congestive heart
failure.Amaladaptive epigenetic responsemaybea cardiovascular riskdriver andamenable tomodificationwith
apabetalone, a selective modulator of the bromodomain and extraterminal domain transcription system. We
examined this question in a prespecified analysis of BETonMACE, a phase 3 trial.

Design, setting, participants, & measurements BETonMACE was an event-driven, randomized, double-blind,
placebo-controlled trial comparing effects of apabetalone versus placebo onmajor adverse cardiovascular events
and heart failure hospitalizations in 2425 participantswith type 2 diabetes and a recent acute coronary syndrome,
including 288 participants with CKD with eGFR ,60 ml/min per 1.73 m2 at baseline. The primary end point in
BETonMACEwas the time to the first major adverse cardiovascular event, with a secondary end point of time to
hospitalization for heart failure.

Results Median follow-up was 27 months (interquartile range, 20–32 months). In participants with CKD,
apabetalone comparedwith placebowas associatedwith fewermajor adverse cardiovascular events (13 events in
124 patients [11%] versus 35 events in 164 patients [21%]; hazard ratio, 0.50; 95% confidence interval, 0.26 to 0.96)
and fewer heart failure–related hospitalizations (three hospitalizations in 124 patients [3%] versus 14
hospitalizations in 164 patients [9%]; hazard ratio, 0.48; 95% confidence interval, 0.26 to 0.86). In the non-CKD
group, the corresponding hazard ratio values were 0.96 (95% confidence interval, 0.74 to 1.24) for major adverse
cardiovascular events, and 0.76 (95% confidence interval, 0.46 to 1.27) for heart failure–related hospitalization.
Interaction of CKDon treatment effect was P50.03 formajor adverse cardiovascular events, andP50.12 for heart
failure–related hospitalization. Participants with CKD showed similar numbers of adverse events, regardless of
randomization to apabetalone or placebo (119 [73%] versus 88 [71%] patients), and there were fewer serious
adverse events (29% versus 43%; P50.02) in the apabetalone group.

ConclusionsApabetalonemay reduce the incidence ofmajor adverse cardiovascular events in patients with CKD
and type 2 diabetes who have a high burden of cardiovascular disease.

CJASN 16: 705–716, 2021. doi: https://doi.org/10.2215/CJN.16751020

Introduction
CKD is found in at least 10% of the general adult
population and is associated with a high burden of
cardiovascular disease and poor clinical outcomes. A
leading cause of CKD is type 2 diabetes mellitus,
which in some regions is found in half of all patients
with CKD (1). Both diabetes and CKD are strongly
associated with higher risk of coronary and cerebro-
vascular disease, congestive heart failure, and death.
The potentiation of cardiovascular risk by CKD, with
or without diabetes as its etiology, is associated with
abnormal inflammation, dysregulation of the renin-
angiotensin system, dyslipidemia, platelet hyper-
reactivity, endothelial dysfunction, vascular calcification,

and a prothrombotic milieu (2). In addition, alkaline
phosphatase is typically elevated in patients with
CKD, which may contribute to risk of cardiovascular
disease (3). Whereas cholesterol lowering with statins
(4) and treatment with some other agents, including
sodium-glucose transport protein 2 (SGLT2) inhibi-
tors (5) or glucagon-like peptide-1 agonists (6,7), have
reduced cardiovascular risk in patients with moder-
ate CKD, residual risk remains substantial. Thus,
there is a major unmet need to lower the residual
risk of cardiovascular morbidity and death in pa-
tients with CKD.
Epigenetic modulators are novel pharmacologic

agents that modify gene transcription. Bromodomain
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and extraterminal (BET) domain proteins function as
epigenetic readers and interact with active chromatin to
open regions of DNA containing genes accessible for
transcription (8–11). BET proteins bind acetylated lysine
residues on histones, transcription factors, and histone
remodelers, forming molecular scaffolds between chroma-
tin and transcriptional machinery to facilitate transcription
and mRNA production (8–11), and, by doing so, they
contribute to maladaptive gene expression in various
models of cardiovascular disease (12,13). Hence, BET
protein inhibition may alter disease-driven cellular re-
sponses in persons with high risk of cardiovascular disease,
including those with CKD (12–18). Apabetalone is an oral
BET inhibitor with selectivity for binding bromodomain 2
with anti-inflammatory and alkaline phosphatase–
lowering properties (14–18). The phase 3 BETonMACE
(Effect of RVX000222 on Time to Major Adverse Cardio-
vascular Events in High-Risk T2DM Subjects With CAD)
trial compared treatment with apabetalone versus placebo
in patients with type 2 diabetes, low HDL cholesterol, and
recent acute coronary syndrome. Apabetalone treatment
resulted in fewer major adverse cardiovascular events
(MACE), but the effect did not reach statistical significance
(17,18). In this prespecified analysis, we examined the
effects of apabetalone or placebo according to the presence
of moderate CKD.

Materials and Methods
The design (17) and main results (18) of the phase 3

BETonMACE trial have been reported. Following the
Declaration of Helsinki guidelines, the trial was overseen
by a blinded, independent, academic steering committee,
and safety was continuously assessed by an independent
data safety and monitoring committee. BETonMACE was
an event-driven, randomized, double-blind, placebo-
controlled, multicenter trial performed at 190 sites in 13
countries from November 11, 2015 through July 3, 2019. It
included 2425 participants, aged $18 years, with type 2
diabetes, low HDL cholesterol levels (,40 mg/dl in men or
,45 mg/dl in women), and recent acute coronary syn-
drome (acute myocardial infarction or unstable angina
7–90 days before randomization) (18). Exclusion criteria
included an eGFR ,30 ml/min per 1.73 m2, liver trans-
aminase levels .1.5 times the upper limit of normal, and
total bilirubin level greater than the upper limit of normal.
Participants were classified as having CKD at baseline if
their eGFR was,60 ml/min per 1.73 m2 body surface area,
calculated with the Cockcroft–Gault equation. Eligible
participants were randomized 1:1 to receive 100 mg apa-
betalone orally twice daily (n51215) or matching placebo
(1210), in addition to intensive statin treatment and other
standard care. Treatment allocation was stratified by
country and background statin type, using block random-
ization with a block size of four, and assignment was done
using an interactive internet-response system from a
computer-generated randomization list (18). The sponsor,
academic steering committee, and principal investigators
were blinded to treatment allocation, whereas the data-
safety monitoring board was unblinded to treatment
allocation for safety data only. The primary outcome was
time to the first occurrence of cardiovascular death,

nonfatal myocardial infarction, or stroke, together referred
to as MACE. Hospitalization for heart failure was a
secondary outcome. Outcomes were adjudicated by an
events committee composed of cardiologists and neurolo-
gists who were blinded to treatment assignment. Analyses
of the effects of assigned treatment on MACE and on
hospitalization for heart failure according to the presence
or absence of CKD were prespecified in the supplemental
statistical analysis plan (see Supplemental Appendix 1) that
was developed and accepted before unblinding the study
results. The analysis of effects of treatment on the com-
posite of MACE or hospitalization for heart failure accord-
ing to CKD status was post hoc and exploratory. Due to the
nature of this clinical research, participants of the BETon-
MACE study were not asked for their data to be
shared publicly.

Statistical Analyses
Statistical analyses were conducted in accordance with

the prespecified statistical analysis plan (see supplement 1
in Ray et al. [18]) using the full analysis set, i.e., all
randomized subjects who received any amount of study
therapy and had at least one measurement of the assess-
ment of interest. The CKD and non-CKD subgroups were
prespecified subgroups. Baseline characteristics were sum-
marized for CKD and non-CKD subgroups, and by
treatment arm for the CKD subgroup, as mean (SD) or
median (interquartile range [IQR]) for continuous vari-
ables, and counts and percentages for categoric variables.
Changes in clinical chemistry variables were analyzed
using analysis of covariance models with baseline bio-
marker value, statin, and country as covariates; the primary
coefficient of interest was the between-treatment group
difference in change from baseline, referred to herein as the
adjusted difference. Adjusted differences were calculated
for the CKD and non-CKD groups, and interaction P values
were calculated from the analysis of covariance model to
assess differences in treatment effect between CKD and
non-CKD groups. Time-to-event (MACE or heart failure
hospitalization) analyses were conducted using a log-rank
test to calculate P values, and a Cox proportional-hazards
model to estimate the hazard ratio (HR) with 95% confi-
dence interval (95% CI), with stratification by statin and
country and with adjustment for sex and age; event counts
and percentages were also summarized. Such analyses
were conducted within the placebo group to compare rates
between CKD and non-CKD groups, and within the CKD
and non-CKD groups, respectively, to assess treatment
effects. A Cox model was also used to calculate interaction
P values for treatment and CKD/non-CKD group status.
Kaplan–Meier analyses assessing time to events by treat-
ment and CKD group were also conducted.

Results
Of a total 2425 participants in the BETonMACE trial,

1215 were assigned to apabetalone and 1210 to placebo
(18). A total of 288 participants (12%) had CKD upon study
entry, defined as an eGFR of 30–59 ml/min per 1.73 m2. Of
these, 124 patients were assigned to apabetalone and 164 to
placebo. The aggregate CKD subgroup included 186
participants (65%) with CKD stage 3a (eGFR 45 to
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,60 ml/min per 1.73 m2) and 102 participants (35%) with
CKD stage 3b (eGFR ,45 ml/min per 1.73 m2). Mean (SD)
eGFR among those with CKD and without CKD was 49 (9)
and 111 (35) ml/min per 1.73 m2, respectively.
Figure 1 shows patient flow chart in the CKD subgroup

of the BETonMACE trial. Table 1 shows the baseline
demographic and clinical characteristics of the trial partic-
ipants according to CKD category. In the full trial cohort
and the CKD and no-CKD subgroups, baseline character-
istics were generally well balanced between treatment
groups (18). Participants with CKD were, on average,
10 years older than those without CKD, were more likely to
be female, less likely to be of White race or a current
smoker, and had a longer duration of type 2 diabetes. There
was no significant difference in proportion of the type of
qualifying recent acute coronary syndrome (i.e., acute
myocardial infarction versus unstable angina by CKD
category), but, among those with myocardial infarction,
the proportion without ST elevation was greater in
those with CKD.
As shown in Table 1, irrespective of CKD or non-CKD,

.90% of participants received inhibitors of the renin-
angiotensin pathway, b-blockers, and antiplatelet agents.
Fewer participants with CKD than those with non-CKD
were treated with metformin (69% versus 84%) or SGLT2
inhibitors (6% versus 13%), while those in the CKD group
had a longer mean duration of diabetes (11.3 versus 8.2
years). Among laboratory markers, cholesterol (total, LDL,
HDL), triglyceride, and high-sensitivity C-reactive protein
levels were similar between the CKD and no-CKD

categories; however, mean alkaline phosphatase was 10
U/L higher and mean alanine aminotransferase was 3 U/L
lower among those with CKD. Participants with CKD had
lower diastolic BP (74.9 [SD, 9.4] versus 76.5 [SD, 8.9] mm
Hg) and higher neutrophil/lymphocyte ratio (2.9 [IQR,
2.2–3.9] versus 2.5 IQR, 1.9–3.3]), a marker of inflammation.
The changes in clinical chemistry over the course of the

study from baseline to week 24 (week 12 for high-
sensitivity C-reactive protein) across CKD status and
treatment groups are shown in Table 2. Apabetalone
decreased serum alkaline phosphatase compared with
placebo, with a greater decrease among participants with
CKD (mean, 7.8 U/L) compared with participants without
CKD (mean, 1.4 IU/L; interaction P50.004). Apabetalone
produced a modest increase in HDL cholesterol concen-
tration that was of a similar magnitude in CKD and no-
CKD groups. No other laboratory parameter showed
significant treatment by CKD-category interaction.
Upon study completion at a median follow-up period of

27 months (IQR, 20–32 months), participants in the placebo
group with CKD experienced a higher incidence of MACE
than those without CKD (35 events in 164 patients [21%]
versus 114 events in 1041 patients [11%]; HR, 2.40; 95% CI,
1.67 to 3.44; P,0.001). Similarly, participants in the placebo
group with CKD were more likely to be hospitalized for
heart failure (14 hospitalizations in 164 patients [9%] versus
34 hospitalizations in 1041 patients [3%]; HR, 3.19; 95% CI,
1.66 to 6.12; P,0.001).
Overall, in the trial, a total of 274 participants experi-

enced a primary MACE end point, including 125 patients

Patients included in primary
analysis of BETonMACE

(n=2418)

Excluded (n=2130)

��Not meeting eGFR < 60 criteria for
   subgroup analysis (n=2124)

��Missing baseline eGFR
  measurement (n=6)

Analyzed in MACE outcome analysis
(n=124)

Discontinued apabetalone early (n=36)

Adverse Event (including raised LFTs)
(n=12)

Withdrew Consent (n=2)

Died (n=4)

Other1 (n=18)

Allocated to apabetalone (n=124)

Discontinued placebo early (n=61)

Adverse Event (including raised LFTs)
(n=20)

Withdrew Consent (n=8)

Died (n=12)

Allocated to placebo (n=164)

Analyzed in MACE outcome analysis
(n=164)

Allocation

Analysis

Follow-Up

CKD subpopulation (n=288)

Other1 (n=21)

Figure 1. | Patient flow in the CKD subgroup of the BETonMACE trial of apabetalone for reduction of adverse cardiovascular events in
patientswith acute coronary syndromeand type2diabetes. 1Discontinuation due topatient preference. LFTs, liver function tests;MACE,major
adverse cardiovascular events.

CJASN 16: 705–716, May, 2021 Apabetalone in CKD and MACE, Kalantar-Zadeh et al. 707
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(10%) in the apabetalone group and 149 patients (12%) in
the placebo group (HR, 0.82; 95% CI, 0.65 to 1.04; P50.11)
(18). Table 3 shows the case mix–adjusted effect of assigned
treatment on cardiovascular outcomes according to CKD
category. In the CKD subgroup, apabetalone was associ-
ated with a reduced hazard for MACE (HR, 0.50; 95% CI,
0.26 to 0.96) and heart failure hospitalization (HR, 0.25; 95%
CI, 0.07 to 0.92; P50.04). In contrast, in the subgroup
without CKD, apabetalone’s effect on MACE (HR, 0.96;
95% CI, 0.74 to 1.24) and heart failure hospitalization (HR,
0.76; 95%, CI 0.46 to 1.27) was nonsignificant. The in-
teraction of treatment and CKD category on MACE and
MACE plus hospitalization for heart failure was 0.032 and
0.033, respectively. Supplemental Table 1 shows minimally
adjusted HRs, i.e., stratified for statin and country, in
accordance with the primary analyses of the BETonMACE
study (18), suggesting that inclusion or exclusion of
multivariable adjustment had little effect on the summary
estimates.
For the composite of time to first event of hospitalization

for MACE or heart failure, the observed HR was 0.48 (95%
CI, 0.26 to 0.88), whereas the observed HR was 0.91 (95%
CI, 0.71 to 1.17) in the participants without CKD. Treatment
HRs were also numerically lower in the CKD subgroup
compared with the non-CKD subgroup for cardiovascular
death, nonfatal myocardial infarction, and nonfatal stroke.
Kaplan–Meier survival plots for MACE, heart failure

hospitalization, and their composite are shown in Figure 2
according to CKD subgroup. By log-rank analysis, apabet-
alone was associated with fewer MACE, hospitalizations
for heart failure, and their combination in the CKD sub-
group, whereas the apabetalone effects were nonsignificant
in the non-CKD subgroup. In participants with CKD, there
was early, continued, and sustained curve separation,
whereas the curve separation was less pronounced in the
participants without CKD.
Overall in BETonMACE, more participants allocated to

apabetalone than placebo discontinued the study drug (114
[9%] versus 69 [6%] participants) for reasons including
liver-enzyme elevations (35 [3%] versus 11 [0.9%] patients),
as described elsewhere (18). In the CKD population, more
participants allocated to placebo than apabetalone discon-
tinued the study drug (20 [12%] versus 12 [10%] patients).
Table 4 shows that, among participants with CKD, similar
numbers of participants in the apabetalone and placebo
groups experienced adverse events (119 [72%] versus 88
[71%] patients), and fewer participants in the apabetalone
group had serious adverse events (29% versus 43%;
P50.02). Only two subjects in each group had a hepatic
transaminase level that was greater than the five-fold upper
limit of normal on close laboratory monitoring, which
required discontinuation of the study therapy in line with
the study protocol.

Discussion
In the BETonMACE trial, assignment to apabetalone or

placebo did not significantly affect the primary MACE
outcome in 2425 participants with type 2 diabetes, low
HDL cholesterol, and recent acute coronary syndrome.
However, in a proof-of-concept trial with a novel chemical
entity agent, it is important to explore effects in key
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subgroups that may point to populations most likely to
achieve treatment benefit. The observed HR of 0.50 for
MACE, 0.25 for heart failure hospitalization, and 0.48 for
MACE plus heart failure hospitalization in the participants
with CKD is on top of standard of care, including high-
intensity statin treatment and other evidence-based proce-
dures and treatments for acute coronary syndrome. The
interaction P value tests for difference by CKD status in the
effect of apabetalone on event rates were signifi-
cant for MACE.
Both type 2 diabetes and CKD are independently

associated with high risk of cardiovascular disease (19).
In addition, patients with coronary disease and either
diabetes or CKD have a much higher risk of additional
MACE than patients without either of these concomitant
conditions (20). The excess risk of cardiovascular disease
among patients with CKDmay be related to factors beyond
hyperlipidemia and hypertension (21). Although statins (4)
and glucagon-like peptide-1 receptor agonists reduce
MACE, and SGLT2 inhibitors (5) reduce heart failure in
patients with type 2 diabetes and CKD, there is a high
residual risk of these events. It has been hypothesized that
nontraditional factors, including inflammation, endothelial
dysfunction, and vascular calcification, may contribute to
the residual risk (22) and may be driven, in turn, by a
maladaptive epigenetic response (23). It is important to
note that the reduction in risk of MACE and heart failure
hospitalization with apabetalone occurred without an
effect of treatment on kidney function as measured by
eGFR, in contrast to SGLT2 inhibitors and some other
agents, in which composite end points could be affected by
CKD protection or reducing proteinuria (5). Therefore,
other mechanisms of potential benefit of apabetalone,
which are unique to CKD, may play a role in our findings,
as recently described by Wasiak et al. (14), who showed a
pronounced correction of the highly perturbed plasma
proteome in patients with CKD stages 4–5. Although
transcriptional regulation by selective BET inhibition has
the trait of multiple small corrections of plasma markers
toward normal levels, a noteworthy finding in our analysis
pertains to serum alkaline phosphatase, an emerging
cardiovascular risk factor in CKD and non-CKD popula-
tions (24). Both the expression and circulating level of
alkaline phosphatase are elevated in CKD (3). In phase 2
studies, the reduction in serum alkaline phosphatase by
apabetalone treatment was consistent (25) and predicted
cardiovascular event reduction (16). In the BETonMACE
trial, baseline serum alkaline phosphatase was 10 U/L
higher in participants with versus without CKD (Table 1).
In the CKD subgroup, apabetalone treatment resulted in a
more pronounced enzyme reduction than in the non-CKD
subgroup. This suggests that alkaline phosphatase may be
a biomarker for apabetalone’s effects, potentially through
the hypothesized role of alkaline phosphatase in promoting
endothelial dysfunction (26) and vascular calcification (15).
Our study is subject to several limitations, including the

aforementioned small sample size of the CKD subgroup,
comprising 12% of the entire trial population, which led to
a suboptimal balance of treatment assignment. Participants
with severe CKD (eGFR ,30 ml/min per 1.73 m2) were
excluded; however, among adults with an eGFR of
,60 ml/min per 1.73 m2, .90% of participants were in
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the 30–60 ml/min per 1.73 m2 range (1). The trial was
restricted to patients with type 2 diabetes, so we cannot
assess the potential effect of apabetalone in patients with
nondiabetic CKD. However, type 2 diabetes is the leading
cause of CKD, and evidence is consistent that an associ-
ation of cardiovascular risk with CKD exists irrespective of

the presence or absence of diabetes (27). In BETonMACE,
urine samples were not collected, so presence or absence of
albuminuria and its modification by apabetalone remains
unknown. In BETonMACE, markers of mineral metabo-
lism, including parathyroid hormone, were not collected,
so modification of bone turnover in patients with CKD by
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apabetalone remains unknown. During the BETonMACE
trial, no significant change in eGFR in any group or
subgroup was detected, which could be related to a mix
of participants with likely evolving glomerular hyperfil-
tration, which often precedes diabetic nephropathy.
In conclusion, in this phase 3, randomized, controlled

post–acute coronary syndrome trial in patients with type 2
diabetes, the participants with CKD were highly respon-
sive to apabetalone treatment, with a 50% nominal re-
duction of MACE over 27 months. BETonMACE is the first
cardiovascular outcome trial assessing the effect of epige-
netic modification with BET protein inhibition. This pre-
specified, CKD subgroup analysis of BETonMACE
suggests that apabetalone may offer a safe and effective
oral pharmacotherapy for reducing cardiovascular risk in
participants with CKD, diabetes, and recent acute coronary
syndrome. A confirmatory apabetalone trial in patients
with CKD and cardiovascular disease is warranted to
corroborate the findings in BETonMACE.
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