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IMPORTANCE Bromodomain and extraterminal proteins are epigenetic regulators of gene

transcription. Apabetalone is a selective bromodomain and extraterminal protein inhibitor

targeting bromodomain 2 and is hypothesized to have potentially favorable effects on

pathways related to atherothrombosis. Pooled phase 2 data suggest favorable effects on

clinical outcomes.

OBJECTIVE To test whether apabetalone significantly reduces major adverse

cardiovascular events.

DESIGN, SETTING, AND PARTICIPANTS A randomized, double-blind, placebo-controlled trial,

conducted at 190 sites in 13 countries. Patients with an acute coronary syndrome in the

preceding 7 to 90 days, type 2 diabetes, and low high-density lipoprotein cholesterol levels

were eligible for enrollment, which started November 11, 2015, and ended July 4, 2018, with

end of follow-up on July 3, 2019.

INTERVENTIONS Patients were randomized (1:1) to receive apabetalone, 100mg orally twice

daily (n = 1215), or matching placebo (n = 1210) in addition to standard care.

MAIN OUTCOMES ANDMEASURES The primary outcomewas a composite of time to the first

occurrence of cardiovascular death, nonfatal myocardial infarction, or stroke.

RESULTS Among 2425 patients who were randomized (mean age, 62 years; 618 women

[25.6%]), 2320 (95.7%) had full ascertainment of the primary outcome. During a median

follow-up of 26.5 months, 274 primary end points occurred: 125 (10.3%) in apabetalone-

treated patients and 149 (12.4%) in placebo-treated patients (hazard ratio, 0.82 [95% CI,

0.65-1.04]; P = .11). More patients allocated to apabetalone than placebo discontinued study

drug (114 [9.4%] vs 69 [5.7%]) for reasons including elevations of liver enzyme levels

(35 [2.9%] vs 11 [0.9%]).

CONCLUSIONS AND RELEVANCE Among patients with recent acute coronary syndrome, type 2

diabetes, and low high-density lipoprotein cholesterol levels, the selective bromodomain and

extraterminal protein inhibitor apabetalone added to standard therapy did not significantly

reduce the risk of major adverse cardiovascular events.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02586155
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E
pigenetics refers to a process whereby chromatin

undergoes chemical modification in response to its

environment, affecting transcription. One such modi-

fication is acetylation of lysine residues on histone proteins.

Bromodomain and extraterminal proteins are a family of epi-

genetic “readers” that detect and bind to acetylated lysine

residues, thereby forming molecular scaffolds between chro-

matin and transcriptional machinery.1-4 Recruitment of bro-

modomain and extraterminal proteins may enhance the

expression of genes that drive maladaptive responses in ath-

erosclerosis, including inflammation, oxidation, complement

activation, and thrombogenesis.5,6

Small-molecule bromodomain and extraterminal protein

inhibitors have therapeutic potential in disease states includ-

ing atherosclerosis.6,7These inhibitors bind todual bromodo-

mains within each bromodomain and extraterminal protein,

displacing them from chromatin and thus attenuating mal-

adaptive gene expression.1,2Nonselective bromodomain and

extraterminal inhibitors bind to bromodomains 1 and 2 with

equal affinity and are indevelopment for cancer indications.6

Apabetalone is an oral bromodomain and extraterminal in-

hibitor with selectivity for bromodomain 2, which may have

particular relevance inatherothrombosis.7-11Earlyclinical stud-

ieswith apabetalonedemonstratedmodest effects onplasma

lipoproteins12andcoronaryatheroscleroticplaquevolumeand

morphology.13,14 A pooled analysis of 3 placebo-controlled

phase 2 trials including a total of 798 patients suggested a de-

crease in major adverse cardiovascular events with apabeta-

lone, particularly among patients with conditions associated

with increasedbromodomain andextraterminal activity such

as type 2 diabetes, elevated high-sensitivity C-reactive pro-

tein levels, and low high-density lipoprotein (HDL) choles-

terol levels.15 This randomized trial was designed to test

whether apabetalone compared with placebo on the back-

ground of standard of care reduces cardiovascular events in

patients with a recent acute coronary syndrome, type 2 dia-

betes, and a low HDL cholesterol level.

Methods

The study protocol was approved by the institutional review

boardor independentethics committee fromeachsite.All par-

ticipantsprovidedwritten informedconsent.All researchpro-

cedures adhered to the tenets of the Declaration of Helsinki.

The trial protocol and statistical analysis plan are available in

Supplement 1.

Trial Oversight

Thetrialwasdesignedbytheacademicsteeringcommitteeand

the sponsor, Resverlogix. Investigator-reported cardiovascu-

lar outcome events were prospectively captured and cen-

trally adjudicated by a clinical events committee that was

masked to treatmentassignment. Statistical analyseswereper-

formed by PPD Ltd and validated by the independent aca-

demicstatistician (K.A.B.),whohadacompletecopyof the trial

database. The final analyses presented here were performed

by the independent academic statistician.

Trial Design

The trial design and aggregate baseline characteristics have

been published.16 In brief, BETonMACE was a randomized,

double-blind, placebo-controlled, phase 3 trial conducted at

190 sites in 13 countries. It tested whether apabetalone com-

paredwith placebo reduces cardiovascular eventswith an ac-

ceptable adverse event profile in patients with a recent acute

coronary syndrome, type 2 diabetes, and low high-density-

lipoprotein cholesterol level.

Trial Participants

Eligible patients were aged 18 years or older with type 2 dia-

betes, low HDL cholesterol level (<40 mg/dL in men or

45mg/dL inwomen [to convert cholesterol values tommol/L,

multiply data by 0.0259]), and an acute coronary syndrome

within theprevious 7 to90days. Thepresenceofdiabeteswas

based on the medical history, use of glucose-lowering medi-

cation, or baseline hemoglobin A1c level of at least 6.5%.

Standard laboratory test results and demographic character-

istics were recorded at baseline, including self-reported race

using fixed categories. A qualifying acute coronary syn-

drome includedmyocardial infarctionorunstableangina,with

the latter capped at 25%of the overall population. Criteria for

qualifying myocardial infarction or unstable angina have

been published.16

Patients were required to receive high-intensity statin

therapy with atorvastatin (40-80 mg daily) or rosuvastatin

(20-40 mg daily). Atorvastatin 20 mg or rosuvastatin 10 mg

was allowed for recognized factors limiting the dose (ad-

vanced age, low body mass, or drug interactions). Exclusion

criteria included planned further coronary revascularization

within90daysof the screeningvisit, estimatedglomerular fil-

tration rate less than 30 mL/min/1.73 m2, fasting triglyceride

levels greater than 400mg/dL, evidence of cirrhosis or active

hepatitis, liver transaminase levels greater than 1.5 times the

upper limit of normal, total bilirubin level greater than theup-

per limit of normal, or a history of intolerance to either statin.

Trial Procedures

Participants were randomized (1:1) to receive either apabetal-

one 100 mg twice daily or matching placebo in a blinded

Key Points

Question In patients with recent acute coronary syndrome, does

apabetalone (a selective inhibitor of bromodomain and

extraterminal proteins) reduce the risk of major adverse

cardiovascular events when added to standard care?

Finding In this randomized clinical trial that included 2425

patients with acute coronary syndrome, type 2 diabetes, and low

high-density lipoprotein cholesterol levels, treatment with

apabetalone compared with placebo and added to standard

therapy did not significantly reduce the risk of cardiovascular

death, nonfatal myocardial infarction, or stroke (10.3% vs 12.4%,

respectively; hazard ratio, 0.82).

Meaning Apabetalone did not significantly reducemajor adverse

cardiovascular events after acute coronary syndrome.
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fashion. Treatment allocation was stratified by country and

background statin type, using block randomization with

block size 4. Assignment was by interactive internet response

system from a computer-generated randomization list.

Follow-up visits occurred every 2 weeks through week 12,

then every 4 weeks through week 28, and then every 12

weeks until the common study end date. At these visits,

patients were assessed for end points and adverse events and

had laboratory tests. Liver function tests were conducted

every 2 weeks until week 12, then every 4 weeks from weeks

12 to 28, and then every 12 weeks thereafter. Other laboratory

measurements were conducted at 6 months, 12 months, 18

months, 24 months, and the end of the study. Three to 4

weeks after the last visit during study treatment, a follow-up

visit was conducted to ascertain any adverse events.

End Points

The primary efficacy end point was the time to first occur-

rence of cardiovascular death or nonfatal myocardial infarc-

tion or stroke. Deaths of undetermined cause were consid-

ered cardiovascular deaths in line with studies in similar

populations.17 Key secondary end points, evaluated in hierar-

chic sequence, were time to first occurrence of the composite

of the primary end point or hospitalization for unstable

angina or an urgent or emergency coronary revascularization

procedure; total (first and recurrent) primary end point

events; cardiovascular death or nonfatal myocardial infarc-

tion; coronary heart disease death or nonfatal myocardial

infarction; the individual components of the primary end

point (nonfatal myocardial infarction, cardiovascular death,

and stroke, in that order); all-cause death; and incidence of

hospitalization for congestive heart failure.16 Other prespeci-

fied secondary end points included total (first and recurrent)

hospitalization for congestive heart failure; the incidence of

primary end point events, excluding deaths of undetermined

cause from cardiovascular deaths; and changes within and

between treatment groups in lipid levels, fasting serum glu-

cose level, hemoglobin A1c level, alkaline phosphatase level,

and estimated glomerular filtration rate overall and among

the subset with baseline estimated glomerular filtration rate

less than 60 mL/min/1.73 m2. Percentage change in high-

sensitivity C-reactive protein was an exploratory end point.

Adverse events reported by investigators were classified

according to Medical Dictionary for Regulatory Activities

terms and system organ class.

Statistical Analysis

Weassumed a cumulative incidence of the primary endpoint

of 10.5% in the placebo group at 18 months. Pooled analysis

of phase2placebo-controlled trials15 suggested a favorable ef-

fect of apabetalone thatwasmostpronounced inpatientswith

type2diabetes (hazard ratio [HR],0.43;P = .02), elevatedhigh-

sensitivityC-reactive protein levels (HR,0.38;P = .02), or low

high-density-lipoprotein cholesterol (HR,0.43;P = .01). In this

trial, we assumed a more conservative HR of 0.70 (7.47% in-

cidence of the primary end point in the apabetalone group at

18months). Itwasestimated that250primaryendpointevents

occurring in2400patients followed for amedianof 18months

would provide 80% power to detect the expected difference

in risk at a 2-sided significance level of .05.

Analyses were conducted in accordance with the pre-

specified statistical analysis plan (Supplement 1). The time-

to-event analysis for the primary end point conducted on the

full analysis set (described later) used a log-rank test for

formal hypothesis testing and a Cox proportional hazards

model to estimate the HR with 95% CI. Both analyses were

stratified by statin and country. Because of the small num-

bers of patients randomized in Croatia, Germany, the Nether-

lands, and Taiwan, these countries were combined into a

single stratum; this decision was based on a blinded review

of data before database lock and unblinding. The propor-

tional hazards assumption was tested with Schoenfeld

residuals. For comparison, a post hoc analysis with a random

site effect was conducted by replacing stratification by coun-

try with a γ frailty term for site. A prespecified sensitivity

analysis that excluded deaths of undetermined cause was

conducted. Events for which event dates could not be estab-

lished were excluded from the primary time-to-event analy-

ses; post hoc analyses including these events were con-

ducted, using last contact date as the event date.

Prespecified subgroupanalyseswere conductedwithCox

models with treatment-subgroup interaction terms; sub-

group HRs and 95% CIs were calculated together with inter-

action P values. Secondary time-to-event end points were

Figure 1. Patient Recruitment, Randomization, and Flow

in the BETonMACE Trial of Apabetalone for Reduction of Adverse

Cardiovascular Events in PatientsWith Acute Coronary Syndrome

and Type 2 Diabetes

3937 Patients assessed for eligibility

1512 Excluded

1194 Did not meet inclusion
criteria or met exclusion
criteria

151 Withdrew consent

167 Othera

2425 Randomized

1212 Included in primary outcome
analysis

1215 Randomized to receive
apabetalone 

1212 Received apabetalone 
as randomized

3 Did not receive
apabetalone (randomized
in error with nonqualifying
laboratory data)  

1210 Randomized to receive placebo

1206 Received placebo 
as randomized

4 Did not receive placebo
(randomized in error
with nonqualifying
laboratory data)  

1206 Included in primary outcome
analysis

316 Discontinued apabetalone early

114 Adverse event (including 35
with elevated liver enzymes)

35 Withdrew consent

27 Died

140 Othera

272 Discontinued placebo early

69 Adverse event (including 11
with elevated liver enzymes)

26 Withdrew consent

42 Died

135 Othera

a Reasons for exclusion varied, primarily failure to return for randomization visit.

Reasons for discontinuation were due to patient preference.
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summarizedaspatientcountsandpercentages (for first events)

and as event counts (for total first and recurrent events) by

treatment; Kaplan-Meier curves for the primary and second-

ary time-to-event endpointswere alsoproduced.Overall type

I error control was provided by a sequential gatekeeping pro-

cedure that included testing of the primary end point fol-

lowed by key secondary time-to-event end points in the or-

dergivenearlier,with formal testing to stopwith the first failed

test. No formal interim analyses for early stopping for effi-

cacy were performed. The percentage change from baseline

of lipids andhigh-sensitivity C-reactive protein and the abso-

lute change frombaseline of hemoglobin A1c, glucose, and al-

kalinephosphatase levels, aswell as estimated glomerular fil-

tration rate,were analyzedwith analysis of covariancemodels

Table 1. Baseline Patient Characteristics

Characteristic
Apabetalone
(n = 1212)

Placebo
(n = 1206)

Age, median (IQR), y 62 (55-68) 62 (56-68)

Sex, No. (%)

Women 305 (25.2) 313 (26.0)

Men 907 (74.8) 893 (74.0)

Race, No. (%)

White 1063 (87.7) 1056 (87.6)

Asian 20 (1.7) 19 (1.6)

Othera 129 (10.6) 131 (10.9)

Geographic region, No. (%)

Europe 689 (56.8) 686 (56.8)

Latin America 315 (26.0) 313 (26.0)

Israel 188 (15.5) 189 (15.7)

Taiwan 20 (1.7) 18 (1.5)

Body mass index, mean (SD) 30.2 (4.8)
[n = 1208]

30.3 (5.0)
[n = 1206]

Medical history before acute
coronary syndrome

Hypertension, No. (%) 1083 (89.4) 1059 (87.8)

Current or former smoker, No. (%)b 147 (12.1) 125 (10.4)

Duration of diabetes, mean (SD), y 8.4 (7.6)
[n = 1211]

8.7 (7.7)
[n = 1205]

Previous myocardial infarction, No. (%) 174 (14.4) 177 (14.7)

Previous percutaneous coronary
intervention or coronary artery
bypass surgery, No. (%)

259 (21.4) 256 (21.2)

Index acute coronary syndrome, No. (%) [n = 1208] [n = 1195]

Myocardial infarction 885 (73.3) 893 (74.7)

STEMI 466 (38.6) 466 (39.0)

Non-STEMI 413 (34.2) 423 (35.4)

Unstable angina 323 (26.7) 302 (25.3)

Percutaneous coronary intervention
for index acute coronary
syndrome, No. (%)

967 (79.8) 955 (79.2)

Time from index acute coronary
syndrome to randomization,
median (IQR), d

38 (25-63.5) 38 (25-62)

Cardiovascular medications, No. (%)

Atorvastatin 621 (51.2) 620 (51.4)

Rosuvastatin 591 (48.8) 586 (48.6)

High-intensity statinc 1089 (89.9) 1092 (90.5)

Ezetimibe 32 (2.6) 35 (2.9)

PCSK-9 inhibitors 0 0

ACE inhibitors/angiotensin II
blockers

1119 (92.3) 1110 (92.0)

β-Blockers 1103 (91.0) 1088 (90.2)

Antiplatelet agents 1196 (98.7) 1195 (99.1)

Dual antiplatelet agents 1057 (87.2) 1065 (88.3)

Diabetes medications, No. (%)

Metformin 1009 (83.3) 989 (82.0)

Insulin 445 (36.7) 464 (38.5)

Sulfonylureas 363 (30.0) 344 (28.5)

DPP4 inhibitors 181 (14.9) 178 (14.8)

SGLT2 inhibitors 150 (12.4) 148 (12.3)

GLP1 receptor agonists 41 (3.4) 45 (3.7)

Otherd 52 (4.3) 55 (4.6)

(continued)

Table 1. Baseline Patient Characteristics (continued)

Characteristic
Apabetalone
(n = 1212)

Placebo
(n = 1206)

Biochemical parameters, mean (SD)

Hemoglobin A1c, median (IQR), % 7.4 (6.4-8.7)
[n = 1202]

7.3 (6.4-8.6)
[n = 1194]

Serum glucose, mg/dL 152.2 (60.7)
[n = 1210]

150.7 (62.5)
[n = 1205]

eGFR, mL/min/1.73 m2e 104.9 (39.3)
[n = 1208]

101.7 (38.6)
[n = 1205]

Total cholesterol, mg/dL 134.8 (35.3)
[n = 1212]

136.8 (38.2)
[n = 1206]

LDL cholesterol, mg/dL 69.7 (29.8)
[n = 1212]

70.9 (32.4)
[n = 1203]

HDL cholesterol, mg/dL 33.3 (5.1)
[n = 1212]

33.3 (5.1)
[n = 1206]

Triglycerides, median (IQR), mg/dL 146.1
(110.7-198.4)
[n = 1212]

151.5
(116.0-202.8)
[n = 1205]

Alkaline phosphatase, U/L 83.3 (38.2)
[n = 1212]

81.9 (34.8)
[n = 1206]

Alanine aminotransferase, U/L 25.3 (14.3)
[n = 1209]

25.4 (14.7)
[n = 1204]

Total bilirubin, μmol/L 9.8 (4.2)
[n = 1211]

9.9 (4.2)
[n = 1205]

High-sensitivity C-reactive protein,
median (IQR),f mg/L

2.9 (1.3-5.9)
[n = 244]

2.7 (1.1-6.1)
[n = 239]

Abbreviations: ACE, angiotensin-converting enzyme; DPP4, dipeptidyl

peptidase 4; eGFR, estimated glomerular filtration rate; GLP1, glucagon-like

peptide 1; HDL, high-density lipoprotein; IQR, interquartile range; LDL,

low-density lipoprotein; PCSK9, proprotein convertase subtilisin/kexin type 9;

SGLT2, sodium-glucose cotransporter 2; STEMI, ST-segment elevation

myocardial infarction.

SI conversion factors: To convert cholesterol to mmol/L, multiply by 0.0259; to

convert triglycerides, multiply by 0.0113; to convert from μmol/L to mg/dL,

divide by 17.1. Bodymass index is calculated as weight in kilograms divided by

height in meters squared.

a “Other” race includes fixed categories American Indian or Alaska Native,

Native Hawaiian or other Pacific Islander, and other. Ethnicity data

were not collected.

bSmoking status was not collected via a dedicated prospective question, and

counts are based on free-formmedical history data coded to “tobacco user” or

“ex–tobacco user.” These counts likely underestimate actual prevalence, and

current vs former smoking status cannot be reliably determined from the

coded categories.

c High-intensity statin is defined as 40 or 80mg of atorvastatin or 20 or 40mg

of rosuvastatin.

dOther diabetes medications include acarbose, pioglitazone, and repaglinide.

e eGFRwas calculated with the Cockcroft-Gault method, based on age and

weight at baseline.

f High-sensitivity C-reactive protein level was assessed in a subset of patients.
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with baseline biomarker value, statin, and country as covari-

ates; these analyses were considered exploratory. In these

analyses, theprimary coefficient of interestwas thebetween-

groupdifference in change frombaseline, referred toas thead-

justed difference herein. In accordance with the statistical

analysis plan, no missing results or outcomes were imputed.

Baseline, time-to-event, and biomarker analyses were

conducted with the full analysis set, defined as the patients

in the randomized subset who received any amount of study

therapy, analyzed by assigned group. Adverse event analyses

were conducted with the safety set, defined as patients

receiving at least 1 dose of double-blind study therapy, ana-

lyzed according to actual treatment received. A threshold of

P < .05 with 2-sided tests was used to determine statistical

significance. Analyses were performed with SAS version 9.2

and R software version 3.5.1.

Results

Characteristics of the Patients

Between November 2015 and July 2018, 3937 patients were

screened and 2425 were randomized. Efficacy analyses in-

cluded 2418 patients (1212 assigned to apabetalone and 1206

to placebo) (Figure 1) and excluded 7 patients who did not re-

ceive a confirmed dose of study medication. Adverse event

analyses (n = 2419) included an additional patient whowith-

drewwithout a confirmeddoseof studymedicationand failed

to returndispensedmedication.Baseline characteristicsof the

patients are shown in Table 1 and were well balanced be-

tween treatment groups. Themedian agewas62years, 25.6%

werewomen,87.6%werewhite,meandurationofdiabeteswas

8.5 years, and median time from index acute coronary syn-

drome to randomizationwas 38days.Most index eventswere

acute myocardial infarction, approximately equally distrib-

uted between ST-segment elevation and non–ST-segment el-

evation subtypes.

Patients received guideline-based treatment formanage-

ment of the index acute coronary syndrome, with 79.5% un-

dergoingpercutaneouscoronary intervention,aswell as90.2%

receivinghigh-intensity statins, 92.2% inhibitors of the renin-

angiotensin system, 90.6% β-blockers, and 87.8% dual anti-

platelet therapy. Risk factorswerewell controlled,withmean

baseline low-density-lipoprotein cholesterol level 70.3mg/dL

andmeanbloodpressure 129.3/76.4mmHg.ThebaselineHDL

cholesterol level was low by design, at a mean 33.3 mg/dL.

Median hemoglobin A1c level was 7.3% and mean body mass

index was 30.3.

Efficacy

Overall, 2320 randomizedpatients (95.7%)had full ascertain-

ment of the primary outcome through the planned observa-

tion period or else were known to be dead. Seven patients in

the apabetalone group and 13 in the placebo group were lost

to follow-up, and their datawere censored at the last contact.

During a median follow-up of 26.5 months, there were a

total of 274 primary end points, 125 (10.3%) in the apabetal-

one group and 149 (12.4%) in the placebo group, representing

a Kaplan-Meier estimated event rate of 7.8% in the apabetal-

one group and 9.7% in the placebo group at 18 months. Apa-

betalonedidnot significantly reduce theprimary endpoint of

cardiovasculardeathornonfatalmyocardial infarctionorstroke

(HR, 0.82; 95% CI, 0.65-1.04; P = .11) (Figure 2). No deviation

from the proportional hazards assumption was detected

(P = .40). In a post hoc analysis using a randomeffect for site,

results were similar (HR, 0.82; 95% CI, 0.65-1.05; P = .12).

There were 26 deaths of undetermined cause (14 and 12

in theapabetaloneandplacebogroups, respectively) thatwere

considered cardiovascular deaths in the primary and key sec-

ondary efficacy analyses. In a prespecified sensitivity analy-

sis that included adjudicated cardiovascular deaths but ex-

cluded deaths of undetermined cause, the primary end point

occurred in 113 patients (9.3%) in the apabetalone group and

140 (11.6%) in the placebo group (HR, 0.79; 95%CI, 0.62-1.01;

P = .06).For2deaths,both in theplacebogroup,adateofdeath

couldnot be established. These eventswere excluded fromall

time-to-event analyses, including theprimary analysis; a post

hoc analysis including these deaths did not meaningfully al-

ter the overall results (HR, 0.81; 95% CI, 0.64-1.03).

Because there was no statistically significant difference

in the primary end point between the apabetalone group and

the placebo group, the prespecified sequential gatekeeping

procedure precluded formal statistical testing of the key sec-

ondary end points and prespecified subgroups. Therefore,

the data for these end points are presented in eFigures 1 to 3

in Supplement 2.

The effect of apabetalone vs placebo on biomarker levels

over time is shown in eFigure 4 in Supplement 2. Apabetal-

one did not alter levels of LDL cholesterol, hemoglobin A1c,

fasting glucose, or high-sensitivity C-reactive protein com-

pared with placebo. At week 24, mean HDL cholesterol levels

had increased from 33.3 mg/dL at baseline in each group to

38.0 mg/dL in the apabetalone group vs 36.6 mg/dL with pla-

cebo. In the apabetalone group, alkaline phosphatase level

Figure 2. Kaplan-Meier Estimate of Time to First Occurrence

of the Primary Efficacy End Point
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The primary end point was time to cardiovascular death or nonfatal myocardial

infarction or stroke. Median observation time for the apabetalone group was

781 days (interquartile range [IQR], 566-967) and for the placebo group,

772 days (IQR, 560-960).
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was reduced from 83.3 U/L at baseline to 76.5 U/L at 2 weeks

and 74.3 U/L at 24 weeks. In the placebo group, alkaline

phosphatase levels decreased from 81.9 U/L at baseline to

80.2 and 79.5 U/L, respectively, at 2 and 24 weeks. Levels of

cholesterol and triglycerides are shown in eFigure 5 in

Supplement 2.

Adverse Events

Adverse events and biomarkers of adverse effects are shown

in Table 2 and the eTable in Supplement 2. The incidence of

total adverse events or serious adverse events was similar in

both treatment groups. Levels of alanine aminotransferase,

γ-glutamyltransferase, and bilirubin are shown in eFigure 5

in Supplement 2. There were minimal differences between

treatment groups in the median levels of these biomarkers.

However, there were 40 cases (3.3%) vs 9 (0.7%) of alanine

aminotransferase elevation exceeding 5 times the upper limit

of normal in the apabetalone and placebo groups, respec-

tively. Elevation of alanine aminotransferase level with apa-

betalone occurred most often between 4 and 16 weeks of

Table 2. Adverse Events and Key Laboratory Findingsa

Variable

No. (%)

RR (95% CI)Apabetalone (n = 1212) Placebo (n = 1207)

Adverse events

Patients with at least 1 adverse eventb 830 (68.5) 820 (67.9) 1.01 (0.95-1.06)

Hepatobiliary disordersb 24 (2.0) 42 (3.5)

Drug discontinuation caused by any adverse eventc 114 (9.4) 69 (5.7) 1.65 (1.23-2.19)

Discontinuation caused by LFT elevationc 35 (2.9) 11 (0.9) 3.17 (1.62-6.21)

Serious adverse events

Patients with at least 1 serious adverse eventb 354 (29.2) 339 (28.1) 1.04 (0.92-1.18)

Deathd 61 (5.0) 71 (5.9) 0.86 (0.61-1.19)

Cardiovascular deaths 34 (2.8) 42 (3.5) 0.81 (0.52-1.26)

Cancer deaths 5 (0.4) 4 (0.3) 1.24 (0.34-4.62)

New, worsening, or recurrent malignancyb 24 (2.0) 30 (2.5) 0.80 (0.47-1.35)

Frequent adverse eventsb,e

Musculoskeletal 143 (11.8) 183 (15.2) 0.78 (0.63-0.95)

Worsening diabetes 95 (7.8) 93 (7.7) 1.02 (0.77-1.34)

Angina 74 (6.1) 76 (6.3) 0.97 (0.71-1.32)

Hypertension 72 (5.9) 72 (6.0) 1.00 (0.73-1.37)

Laboratory results

Liver function

ALT >3 times ULN 78 (6.4) 18 (1.5) 4.32 (2.60-7.16)

ALT >5 times ULN 40 (3.3) 9 (0.7) 4.43 (2.16-9.08)

Bilirubin >2 times ULN 7 (0.6) 9 (0.7) 0.77 (0.29-2.07)

Hy’s lawf 0 0

eGFR <30 mL/min/1.73 m2 22 (1.8) 21 (1.7) 1.04 (0.58-1.89)

Creatine kinase

>5 times ULN 12 (1.0) 6 (0.5) 1.99 (0.75-5.29)

>10 times ULN 3 (0.2) 4 (0.3) 0.75 (0.17-3.33)

Platelets

<LLN 147 (12.1) 135 (11.2) 1.08 (0.87-1.35)

<0.5 LLN 2 (0.1) 3 (0.2) 0.66 (0.11-3.97)

Abbreviations: ALT, alanine aminotransferase; eGFR, estimated glomerular

filtration rate calculated with the Cockcroft-Gault formula using baseline age

and weight; LFT, liver function test; LLN, lower limit of normal; RR, relative risk;

ULN, upper limit of normal.

a Safety population includes all patients who received at least 1 dose of study

medication.

b Includes treatment-emergent adverse events only, defined as those occurring

after the first dose and within 14 days of the last dose of the study drug.

c Based on the single primary reason for discontinuation of the drug.

Discontinuations caused by elevations in LFT results are a subset of

discontinuations because of adverse events.

dOne additional death occurred in a patient randomized to placebo who did not

receive the first dose and was excluded from the analysis set assessing

adverse events.

eDefined as occurring with a frequency of 5% or more.

f No cases fulfilled Hy’s law for severe drug-induced liver injury, which is defined

by ALT level elevation, usually substantial, concurrent with bilirubin greater

than 2 times the ULN. Hy’s law is used to identify drugs likely to cause liver

injury that may be fatal or require transplantation. It assumes that other

causes of hepatocellular injury (eg, other drugs, viral hepatitis) and an

obstructive basis for elevated bilirubin level have been excluded so that

alkaline phosphatase level should not be substantially elevated. There were

2 cases in which ALT or AST exceeded 3 times the ULN and total bilirubin level

exceeded 2 times the ULN, 1 in each group. In the placebo case, the elevation

of liver function test results was attributed to hepatitis B virus reactivation.

In the apabetalone case, the elevation of liver function test results occurred

10months after study treatment had been discontinued in a subject who

received only 1 dose and was associated with serious adverse events of

cholelithiasis and choledocholithiasis.
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treatment. On cessation of apabetalone, alanine aminotrans-

ferase level declined to normal values within 4 weeks unless

there were other ongoing medical problems affecting liver

function such as active hepatitis or cholelithiasis. At 24

weeks, bilirubin levels were higher than at baseline in both

groups, having increased from 9.8 to 11.4 μmol/L (0.57 to

0.67 mg/dL) in the apabetalone group and from 9.9 to 10.5

μmol/L (0.58 to 0.61 mg/dL) in the placebo group, with an

adjusted difference in change from baseline representing an

11.1% increase with apabetalone vs placebo. However, the

numbers of individuals with bilirubin levels greater than

twice the upper limit of normal were similar (7 [0.7%] vs 9

[0.7%] for apabetalone and placebo, respectively), and no

case in either group fulfilled Hy’s law criteria for drug-

induced liver injury (eFigure 6).18 Nausea occurred more

often with apabetalone vs placebo (26 [2.1%] vs 7 [0.6%]).

Discussion

In this trial among patients with diabetes, low HDL choles-

terol level, and recent acute coronary syndrome, treatment

with the selectivebromodomainandextraterminal protein in-

hibitor apabetalone did not significantly reduce the inci-

denceof a compositeendpointof cardiovasculardeathornon-

fatal myocardial infarction or stroke compared with placebo.

Treatment-emergent adverse events were similar be-

tweenapabetaloneandplacebobutdiscontinuationcausedby

adverseeventswasmore frequentwithapabetalone.Apabeta-

lone was associated with a greater incidence of elevated re-

sults for liver function tests, as previously observed in phase

2 studies,15 but there were no cases of drug-induced liver in-

jury as defined byHy’s law.18When alanine aminotransferase

level greater than 5 times the upper limit of normal occurred

with apabetalone, it resolved on protocol-specified treat-

ment cessation. The frequency of serious adverse events was

similar with apabetalone and placebo, including death from

any cause, cardiovascular causes, or cancer; or new, worsen-

ing, or recurrent malignancy.

The evaluation of novel drugs that target pathways not

directly reflected by conventional biomarkers presents a

challenge for dose finding and gauging therapeutic effects. In

the case of apabetalone, there were no significant effects on

traditional biomarkers associated with cardiovascular ben-

efit, such as low-density lipoprotein cholesterol, C-reactive

protein, and hemoglobin A1c levels, and only modest abso-

lute changes in HDL cholesterol and alkaline phosphatase

levels compared with placebo. To date, no therapy that

increases HDL cholesterol levels without decreasing low-

density-lipoprotein cholesterol levels has shown reductions

in clinical events. Levels of alkaline phosphatase (a bio-

marker) are associated with risk of major adverse cardiovas-

cular events19; in phase 2 studies, reductions in alkaline

phosphatase level with apabetalone were associated with a

lower risk of such events.20 In the present trial, the absolute

reductions in alkaline phosphatase level with apabetalone

were modest. Thus, changes in HDL cholesterol and alkaline

phosphatase levels under apabetalone treatment are likely

qualitative markers of drug exposure, but to what extent the

magnitude of these changes reflects the magnitude of bro-

modomain and extraterminal inhibition at the level of the

chromatin is unknown.

Among patients with acute coronary syndrome, the pres-

ence of type 2 diabetes and low HDL cholesterol level identi-

fies patients who remain at particularly high risk of recurrent

cardiovascular events despite use of evidence-based

therapies.21,22 Such patients have a high unmet need for fur-

ther risk reduction23 and were included in this trial in accor-

dance with previous analyses that suggested potential ben-

efit from apabetalone treatment.15 In fact, for patients in the

placebo group the incidence of the primary end point was

high despite background care that included high rates of

coronary revascularization for the index acute coronary syn-

drome; high use of intensive statin, dual antiplatelet thera-

pies, β-blockers, and renin-angiotensin system inhibitors;

and good control of low-density-lipoprotein cholesterol level,

glycated hemoglobin level, and blood pressure. Few patients

in the trial received glucagonlike peptide 1 receptor agonists

or sodium-glucose–loop transporter 2 inhibitors. These drug

classes have reduced cardiovascular morbidity and mortality

in patients with type 2 diabetes and chronic atherosclerotic

cardiovascular disease,24,25 but neither these drugs nor any

other glucose-level-decreasing treatment has demonstrated

cardiovascular benefit in patients with acute coronary

syndrome.26

Limitations

This study has several limitations. First, the observed

Kaplan-Meier estimated event rate of 9.7% in the placebo

group at 18months was lower than the 10.5% rate assumed in

the study design. Second, this study had 80% power to

detect a 30% difference in treatment effect with apabetalone.

This was based on previous analyses of pooled phase 2 data,

in which apabetalone reduced cardiovascular event rates by

approximately 60%. In the design of this moderately sized

cardiovascular outcomes trial, a more conservative treatment

effect than suggested in previous phase 2 studies was

assumed, but nonetheless one that is comparable to effects

observed in recent cardiovascular outcomes trials using

agents with other novel mechanisms of action.24,27 It would

be of interest to determine whether a study of a larger cohort

would reveal a different result. Third, 7 patients in the apa-

betalone group and 13 in the placebo group were lost to

follow-up. Fourth, there were few patients of nonwhite race

in this trial, which may limit the generalizability of the find-

ings.

Conclusions

Among patients with recent acute coronary syndrome, type 2

diabetes, and low HDL cholesterol level, the selective bromo-

domain and extraterminal protein inhibitor apabetalone

compared with placebo and added to standard therapy did

not significantly reduce the risk of major adverse cardiovas-

cular events.
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