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Abstract.
Background: Epigenetic changes may contribute importantly to cognitive decline in late life including Alzheimer’s disease
(AD) and vascular dementia (VaD). Bromodomain and extra-terminal (BET) proteins are epigenetic “readers” that may distort
normal gene expression and contribute to chronic disorders.
Objective: To assess the effects of apabetalone, a small molecule BET protein inhibitor, on cognitive performance of patients
70 years or older participating in a randomized trial of patients at high risk for major cardiovascular events (MACE).
Methods: The Montreal Cognitive Assessment (MoCA) was performed on all patients 70 years or older at the time of
randomization. 464 participants were randomized to apabetalone or placebo in the cognition sub-study. In a prespecified
analysis, participants were assigned to one of three groups: MoCA score ≥ 26 (normal performance), MoCA score 25–22
(mild cognitive impairment), and MoCA score ≤ 21 (dementia). Exposure to apabetalone was equivalent in the treatment
groups in each MoCA-defined group.
Results: Apabetalone was associated with an increased total MoCA score in participants with baseline MoCA score of ≤ 21
(p = 0.02). There was no significant difference in change from baseline in the treatment groups with higher MoCA scores.
In the cognition study, more patients randomized to apabetalone discontinued study drug for adverse effects (11.3% versus
7.9%).
Conclusion: In this randomized controlled study, apabetalone was associated with improved cognition as measured by MoCA
scores in those with baseline scores of 21 or less. BET protein inhibitors warrant further investigation for late life cognitive
disorders.

Keywords: Alzheimer’s disease, apabetalone, BET inhibitor, clinical trial, epigenetics, montreal cognitive assessment

INTRODUCTION32

Neurodegenerative disorders such as Alzheimer’s33

disease (AD) and vascular disorders including vas-34

cular dementia (VaD) are major causes of late-life35

cognitive decline. AD and related disorders (ADRD)36

including VaD are a significant burden to global37

healthcare systems and there is a large unmet need38

for effective therapies to prevent or retard ADRD pro-39

gression [1]. There is considerable evidence that the40

risk of AD and VaD increases with age and the pres-41

ence of cardiovascular disease, diabetes, and chronic42

kidney disease [2–6]. Populations with diabetes and43

cardiovascular disease (CVD) typically have cere-44

brovascular pathology at autopsy [7]. Accordingly,45

the focus of drug development has recently expanded46

to include processes common to these disorders, incl-47

uding vascular inflammation and calcification, neu-48

roprotection, lipid metabolism, protein degradation49

and clearance, and glucose metabolism [8]. There is50

growing appreciation that these processes are regu-51

lated by epigenetic transcriptional controls.52

Bromodomain and extra-terminal (BET) proteins53

are epigenetic ‘readers’ that recognize and bind to54

acetylated lysine residues on histone tails and other55

nuclear proteins [9]. These interactions localize56

BET proteins to discrete locations along chromatin57

strands, where they recruit and facilitate assembly of58

factors that control gene expression [10, 11]. Through59

this mechanism BET proteins can play a role in mal-60

adaptive gene expression leading to chronic disease61

states including CVD [9–11]. Recently a role for BET 62

protein-dependent effects in central nervous system 63

(CNS) disorders, including memory disorders and 64

AD, has been recognized [12–15]. 65

Apabetalone is an orally bioavailable, small mol- 66

ecule BET protein inhibitor (BETi) that was recently 67

assessed for secondary prevention of CVD events in 68

2,425 patients with diabetes and recent acute coro- 69

nary syndrome (ACS) in the randomized, placebo 70

controlled BETonMACE trial [16]. Apabetalone- 71

treated participants experienced an 18% favorable 72

trend in the incidence of the primary composite end- 73

point of major adverse cardiovascular events (MACE, 74

comprising cardiovascular death, non-fatal myocar- 75

dial infarction, and stroke (p = 0.11)) and a 41% 76

reduction in hospitalization for congestive heart fail- 77

ure (p = 0.03) [17–19]. 78

To explore the effect of apabetalone on cogni- 79

tion in this population with risk factors for AD and 80

VaD, we collected performance on the Montreal 81

Cognitive Assessment (MoCA) in BETonMACE 82

participants 70 or more years of age. MoCA is a 83

brief, 30-point screening instrument for cognitive 84

dysfunction [20]. The MoCA assesses eight cogni- 85

tive domains including attention and concentration, 86

executive function, memory, language, visuocon- 87

structional skills, conceptual thinking, calculations, 88

and orientation. MoCA is not a diagnostic tool and 89

will capture cognitive impairment from any cause. 90

The MoCA has been shown to be sensitive to change 91

in AD, VaD, and post-stroke patients [21–23]. In this 92



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

J. Cummings et al. / Cognitive Effects of the BET Protein Inhibitor Apabetalone 3

nested prespecified analysis of the BETonMACE93

trial, we examined the effects of apabetalone on94

cognition using the MoCA.95

A secondary aim was to determine if serum alka-96

line phosphatase level was a biomarker associated97

with cognitive change in the MoCA analysis cohort.98

Serum alkaline phosphatase is increased in the brain99

and plasma in AD [24]. Alkaline phosphatase is ele-100

vated in stroke and may be a biomarker for VaD or101

mixed dementia [24]. Apabetalone consistently low-102

ers serum alkaline phosphatase [25].103

MATERIALS AND METHODS104

Study design105

The design and primary CVD results of the phase106

III BETonMACE trial have been reported [16–19].107

The protocol was approved by the responsible insti-108

tutional review board or ethics committee at each109

participating site. In brief, eligible participants had an110

ACS within 7–90 days prior to randomization, a low111

high-density lipoprotein cholesterol (HDL-C) level,112

and a diagnosis of type 2 diabetes. Among exclusion113

criteria was any condition which, in the opinion of the114

investigator, was likely to prevent the subject from115

complying with the requirements of or completing116

the study. Qualifying patients who provided writ-117

ten, informed consent were randomized in a 1:1 ratio118

to receive apabetalone 100 mg orally twice daily or119

matching placebo. In addition, participants received120

high-intensity statin therapy with atorvastatin or rosu-121

vastatin and other clinically defined standard of care.122

The primary outcome was time to the first occurrence123

of MACE.124

Cognitive function and alkaline phosphatase125

measurements126

Cognitive evaluation with the MoCA in patients 70127

years and older at time of randomization was included128

as a prespecified endpoint in the supplemental sta-129

tistical analysis plan (included in the Supplementary130

Material). Patients were classified into three mutually131

exclusive categories according to a baseline MoCA132

score of 30–26, 25–22, or ≤ 21. The cut-off score of133

26 is regarded as the threshold separating cognitively134

normal individuals from those with cognitive impair-135

ment [23]. Scores of 25–22 typically reflect mild136

cognitive impairment (MCI), and scores of 21 and137

below are consistent with dementia [20]. MoCA was138

collected at baseline, 12 months, and 24 months, as139

well as at the last visit on treatment (LVT). Biochem- 140

ical measurements were obtained at baseline, week 141

24, week 52, and every 24 weeks until LVT. Liver 142

function biochemical parameters including alkaline 143

phosphatase (ALP) were obtained at baseline and 144

every 2 weeks until week 12, then every 4 weeks 145

until week 28, then every 12 weeks until LVT. For 146

each individual patient, median biochemical param- 147

eter values were calculated across all collected time 148

points after baseline until LVT. All parameter mea- 149

surements were performed by a central laboratory 150

(ICON, Farmingdale, New York). The normal range 151

for serum ALP was 40–150 U/L. 152

Statistical analysis 153

Baseline characteristics were summarized for all 154

patients who completed a baseline MoCA and for 155

the MoCA subgroups by treatment arm. Data were 156

expressed as mean (standard deviation (SD)) or 157

median (interquartile range (IQR)) for continuous 158

variables and counts and percentages for categori- 159

cal variables. Change in MoCA score from baseline 160

to last observation captured (LOC) was evaluated in 161

the MoCA subgroups using an analysis of variance 162

model (ANOVA). Changes in MoCA were analyzed 163

using analysis of covariance models (ANCOVA) 164

with baseline MoCA score, statin, age, sex, race, 165

years of education, duration between baseline and 166

LOC, and baseline clinical chemistry measurements 167

as covariates. Results from the ANCOVA analyses 168

are reported as least squares (LS) means. Treatment 169

duration between baseline and LOC was evaluated 170

as mean (standard deviation [SD]) with compari- 171

son between treatment groups using student’s t-test. 172

For biochemical parameters, a median was calcu- 173

lated across all post-randomization time points for 174

each patient until LOC to calculate change from 175

baseline and percent change from baseline. The anal- 176

ysis approach for change in biochemical parameters 177

used a Wilcoxon test between treatment groups with 178

results summarized as median (IQR). Analyses were 179

performed with R software, version 3.5.1 or higher 180

(R Foundation for Statistical Computing). p-values 181

less than 0.05 were considered statistically significant 182

without adjustment for multiplicity in this prespeci- 183

fied exploratory analysis. 184

RESULTS 185

Of a total of 2,425 randomized participants in 186

the BETonMACE trial at 190 sites in 13 countries, 187
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1,215 were assigned to apabetalone and 1,210 to188

placebo. A total of 485 participants (20%) 70 years189

of age or older were eligible for the cognitive sub-190

study. Of these, two did not receive apabetalone or191

placebo and 19 did not have a baseline MoCA mea-192

surement and were excluded from analyses, 464193

(95.7%) had a baseline MoCA measurement and194

comprised the cognition subgroup; 212 were assigned195

to apabetalone and 252 to placebo. The aggregate196

cognition subgroup included 223 participants (48%)197

with baseline MoCA ≥ 26, 144 participants (31%)198

with baseline MoCA 25–22, and 97 participants199

(21%) with baseline MoCA ≤ 21. A comparison200

non-cognition subgroup comprised all patients < 70 201

years of age. 202

Figure 1 shows the patient flow diagram for the 203

cognition subgroup. Table 1 shows baseline demo- 204

graphic and clinical characteristics of the trial par- 205

ticipants according to baseline MoCA category. The 206

average age of the cognition subgroup was 73 years, 207

compared to 59 years in the non-cognition subgroup. 208

Consistent with this age difference, participants in 209

the cognition subgroup were more likely to be 210

female, to have a history of hypertension and a 211

longer duration of diabetes, to have higher systolic 212

and lower diastolic blood pressures, to be a current 213

Fig. 1. Patient Flow Diagram for the Cognition Subgroup of the BETonMACE Trial of Apabetalone.
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Table 1
Demographics, clinical, pharmacologic and laboratory characteristics of the BETonMACE trial participants at baseline according to MoCA subgroup and assigned treatment group

Full Study Cohort According Patients with MoCA ≥ 26 by Patients with MoCA 25–22 Patients with MoCA ≤ 21 by
to Cognition Subgroup Assigned Treatment Group by Assigned Treatment Group Assigned Treatment Group

Non-Cognition Cognition Placebo Apabetalone Placebo Apabetalone Placebo Apabetalone
Subgroup Subgroup

Number of Participants 1,935 464 119 104 80 64 53 44
Age, y 59 (53–64) 73 (71–76) 73 (71–76) 73 (71–76) 73.5 (71–76) 73 (71–77) 75 (72–77) 73.5 (71–76)
Female, n (%) 446 (23.0%) 167 (36.0%) 47 (39.5%) 32 (30.8%) 27 (33.8%) 19 (29.7%) 23 (43.4%) 19 (43.2%)
White, n (%) 1,684 (87.0%) 416 (89.7%) 113 (95.0%) 98 (94.2%) 71 (88.8%) 57 (89.1%) 47 (88.7%) 30 (68.2%)
Asian, n (%) 30 (1.6%) 9 (1.9%) 2 (1.7%) 2 (1.9%) 1 (1.3%) 0 (0.0%) 2 (3.8%) 2 (4.5%)
Other race, n (%) 221 (11.4%) 39 (8.4%) 4 (3.4%) 4 (3.8%) 8 (10%) 7 (10.9%) 4 (7.5%) 12 (27.3%)
Body mass index, kg/m2 30.5 (5.0) 29.3 (4.6) 29.5 (4.3) 29.5 (4.5) 29.2 (5.2) 29.4 (4.2) 29.0 (4.8) 28.4 (4.9)
Hypertension history, n (%) 1,684 (87.0%) 440 (94.8%) 117 (98.3%) 100 (96.2%) 71 (88.8%) 60 (93.8%) 49 (92.5%) 43 (97.7%)
Smoking status, n (%) 245 (12.7%) 27 (5.8%) 4 (3.4%) 6 (5.8%) 7 (8.8%) 6 (9.4%) 1 (1.9%) 3 (6.8%)
Diabetes duration, years 8.0 (7.3) 10.9 (8.7) 10.9 (9.1) 10.9 (8.7) 10.1 (6.8) 10.2 (8.4) 11.0 (9.5) 13.3 (9.7)

Index ACS
Myocardial Infarction, n (%) 1,444 (75.1%) 322 (70.0%) 81 (69.8%) 69 (66.3%) 59 (74.7%) 42 (65.6%) 38 (71.7%) 33 (75.0%)
NSTEMI, n (%) 649 (45.1%) 183 (57.5%) 52 (65.0%) 39 (58.2%) 35 (59.3%) 27 (64.3%) 16 (43.2%) 14 (42.4%)
STEMI, n (%) 789 (54.9%) 135 (42.5%) 28 (35.0%) 28 (41.8%) 24 (40.7%) 15 (35.7%) 21 (56.8%) 19 (57.6%)
Unstable Angina, n (%) 480 (24.9%) 138 (30.0%) 35 (30.2%) 35 (33.7%) 20 (25.3%) 22 (34.4%) 15 (28.3%) 11 (25.0%)
Time from index ACS, days 39 (25–62) 33 (24–60) 30 (23–52) 31 (23–63) 39 (27–59) 31 (24–62) 37 (25–62) 41 (28–67)

Cardiovascular Medications
Atorvastatin, n (%) 1,003 (51.8%) 231 (49.8%) 61 (51.3%) 50 (48.1%) 40 (50.0%) 34 (53.1%) 24 (45.3%) 22 (50.0%)
Rosuvastatin, n (%) 932 (48.2%) 233 (50.2%) 58 (48.7%) 54 (51.9%) 40 (50.0%) 30 (46.9%) 29 (54.7%) 22 (50.0%)
Intensive Statin Therapy, n (%) 1,783 (92.1%) 394 (84.9%) 99 (83.2%) 89 (85.6%) 65 (81.3%) 56 (87.5%) 47 (88.7%) 38 (86.4%)
Ezetimibe, n (%) 55 (2.8%) 10 (2.2%) 6 (5.0%) 2 (1.9%) 1 (1.3%) 1 (1.6%) 0 (0.0%) 0 (0.0%)
ACE Inhibitors or ARB, n (%) 1,782 (92.1%) 431 (92.9%) 112 (94.1%) 99 (95.2%) 74 (92.5%) 57 (89.1%) 48 (90.6%) 41 (93.2%)
Beta-blockers, n (%) 1,750 (90.4%) 423 (91.2%) 107 (89.9%) 96 (92.3%) 72 (90.0%) 62 (96.9%) 47 (88.7%) 39 (88.6%)
Antiplatelet agents, n (%) 1,917 (99.1%) 455 (98.1%) 117 (98.3%) 100 (96.2%) 79 (98.8%) 63 (98.4%) 52 (98.1%) 44 (100.0%)

Diabetes Medications
Metformin, n (%) 1,620 (83.7%) 359 (77.4%) 97 (81.5%) 78 (75.0%) 52 (65.0%) 52 (81.3%) 42 (79.2%) 38 (86.4%)
Insulin, n (%) 749 (38.7%) 156 (33.6%) 38 (31.9%) 30 (28.8%) 25 (31.3%) 26 (40.6%) 17 (32.1%) 20 (45.5%)
Sulfonylureas, n (%) 552 (28.5%) 150 (32.3%) 33 (27.7%) 35 (33.7%) 20 (25.0%) 26 (40.6%) 19 (35.8%) 17 (38.6%)
DPP4 inhibitors, n (%) 286 (14.8%) 70 (15.1%) 19 (16.0%) 13 (12.5%) 14 (17.5%) 13 (20.3%) 5 (9.4%) 6 (13.6%)
SGLT2 inhibitors, n (%) 267 (13.8%) 27 (5.8%) 9 (7.6%) 6 (5.8%) 3 (3.8%) 6 (9.4%) 3 (5.7%) 0 (0.0%)
GLP1 receptor agonists, n (%) 78 (4.0%) 6 (1.3%) 2 (1.7%) 0 (0.0%) 1 (1.3%) 1 (1.6%) 2 (3.8%) 0 (0.0%)

Biochemical Parameters
HbA1c, % 7.4 (6.5–8.8) 7.0 (6.3–8.1) 7.1 (6.3–8.2) 6.9 (6.3–7.9) 7.0 (6.2–7.9) 7.3 (6.5–8.1) 7.0 (6.4–8.5) 7.3 (6.5–8.9)
Serum glucose, mg/dL 136.0 132.4 129.7 134.5 127.2 137.3 130.6 140.1

(110.4–176.5) (109.9–167.7) (107.2–161.1) (116.9–157.9) (109.9–167.7) (112.3–182.7) (100.2–183.0) (106.8–179.5)
Total cholesterol, mg/dL 129.9 128.0 129.2 126.1 129.9 123.4 133.8 117.2

(111.4–156.8) (107.8–151.2) (113.3–155.5) (108.2–149.6) (109.0–149.7) (102.4–143.8) (110.6–150.8) (103.3–140)

(Continued)
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Table 1
(Continued)

Full Study Cohort According Patients with MoCA ≥ 26 by Patients with MoCA 25–22 Patients with MoCA ≤ 21 by
to Cognition Subgroup Assigned Treatment Group by Assigned Treatment Group Assigned Treatment Group

Non-Cognition Cognition Placebo Apabetalone Placebo Apabetalone Placebo Apabetalone
Subgroup Subgroup

LDL cholesterol, mg/dL 65.4 (49.5–85.5) 63.8 (48.0–83.1) 63.4 (50.9–81.0) 62.8 (46–85) 66.3 (50.1–85.0) 66.3 (46.5–81.7) 64.0 (52.7–82.4) 57.0 (45.5–77.3)
HDL cholesterol, mg/dL 33.3 (29.8–36.7) 34.0 (30.5–37.5) 34.8 (31.7–38.7) 33.3 (29.8–37.1) 34.0 (31.3–37.5) 32.9 (30.1–37.1) 34.8 (31.3–37.9) 33.6 (29.3–37.3)
Triglycerides, mg/dL 148.8 146.1 158.5 146.6 143.0 139.9 146.1 130.6

(114.3–204.6) (111.4–190.7) (128.0–205.0) (118.9–192.2) (104.1–174.5) (108.9–184.2) (128.4–191.3) (103.2–179.8)
Alkaline phosphatase, U/L 78.0 (64.0–95.0) 76.5 (62.0–92.0) 77.0 (61.0–91.0) 76 (63–92.3) 76.5 (61.0–93.3) 74.0 (61.8–84.0) 77.0 (66.0–92.0) 81.0 (59.8–101.3)
Alanine aminotransferase, U/L 23.0 (17.0–31.0) 19.0 (14.0–26.0) 20.0 (15.3–27.8) 19 (14.5–26) 19.0 (15.0–27.0) 18.0 (14.0–23.3) 19.0 (15.0–25.0) 19.0 (13.5–25.5)
Systolic BP (mmHg) 129.0 130.0 132.0 131 131.5 130.0 129.0 135.5

(120.0–139.0) (122.0–140.0) (122.0–140.0) (122.8–140) (121.8–140.0) (125.0–136.0) (120.0–137.0) (128.0–145.0)
Diastolic BP (mmHg) 78.0 (70.0–82.0) 75.5 (70.0–80.0) 78.0 (70.5–83.0) 77 (70–80) 73.5 (67.8–80.0) 75.5 (70.0–80.0) 74.0 (70.0–80.0) 77.0 (68.0–83.0)
Total bilirubin, umol/L 9.0 (6.7–11.8) 9.6 (7.5–13.0) 9.9 (7.6–13.0) 9.6 (7.3–12.6) 9.3 (7.2–13.4) 9.5 (8.0–11.8) 9.8 (8.5–13.8) 9.6 (7.2–14.1)
hsCRP, mg/L 2.9 (1.2–6.1) 2.4 (1.1–6.2) 1.3 (0.8–2.3) 3.5 (1.7–6) 1.7 (0.4–5.5) 2.1 (1.1–3.7) 5.2 (3.3–10.3) 2.2 (0.8–5.1)

[n = 390] [n = 89] [n = 23] [n = 23] [n = 10] [n = 16] [n = 13] [n = 4]
NLR, ratio 2.5 (1.9–3.3) 2.8 (2.2–3.7) 2.5 (2.1–3.5) 2.8 (2.1–3.7) 3.0 (2.2–3.8) 3.0 (2.2–3.9) 2.5 (2.2–3.6) 2.9 (2.1–3.8)

MoCA Characteristics
Total MoCA Score n/a 25 (22–27) 28 (26–29) 27 (26–29) 24 (23–25) 24 (23–25) 18 (16–20) 18.5 (16–20)
> 12 Years of Education, n (%) n/a 139 (30%) 47 (39.5%) 33 (31.7%) 23 (28.8%) 19 (29.7%) 8 (15.1%) 9 (20.5%)

Post Randomization
Time from baseline to last n/a 701 (523–912) 729 (529–951) 699 (541–909) 694 (513–937) 731 (548–939) 702 (512–912) 701 (493–778)
observation captured, days

MoCA, Montreal Cognitive Assessment; ACS, acute coronary syndrome; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; ACE,
angiotensin-converting enzyme; ARB, Angiotensin II receptor blocker; DPP4, dipeptidyl peptidase; SGLT2, sodium-glucose cotransporter 2; GLP1, glucagon-like peptide 1; HbA1c, hemoglobin
A1C; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BP, blood pressure; hsCRP, high-sensitivity C-reactive protein; NLR, neutrophil-lymphocyte ratio. Continuous variables are
presented as mean (SD) or median (quartile 1−quartile 3). Categorical variables are presented as n (%). p-values comparing groups at baseline were calculated using z-test or Wilcoxon tests for
continuous variables and chi-square tests for categorical variables. p-values of < 0.05 are considered statistically significant and are highlighted in bold. †There was no significant difference in
proportion of MI versus unstable angina as an index event (p = 0.61), but among those with MI as the index event, there were significant differences in proportion of STEMI versus non-STEMI
(p = 0.025).
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smoker, and to have had non-ST elevation MI as214

the qualifying ACS. Irrespective of cognition sta-215

tus, more than 90% of participants received inhibitors216

of the renin-angiotensin pathway, beta-blockers, and217

anti-platelet agents. However, fewer participants in218

the cognition subgroup were treated with high-219

intensity statins, metformin, insulin, sodium-glucose220

cotransporter-2 (SGLT2) inhibitors, or glucagon-221

like peptide 1 (GLP-1) receptor agonists. Levels of222

glucose, cholesterol (total and low-density lipopro-223

tein (LDL), triglycerides, high-sensitivity C-reactive224

protein, and alkaline phosphatases were similar225

in cognition and non-cognition subgroups while226

hemoglobin A1c (HbA1c) and alanine aminotrans-227

ferase were lower and HDL-C, total bilirubin, and228

the neutrophil to lymphocyte ratio were higher in229

the cognition subgroup. In each baseline MoCA cate-230

gory, baseline characteristics and time from baseline231

to LOC were well-balanced among treatment groups.232

The treatment duration from baseline to LOC was233

balanced between apabetalone and placebo irrespec-234

tive of baseline MoCA. Among participants with235

baseline MoCA score ≥ 26, treatment duration was236

729 (529–951) days in the placebo-treated group237

compared to 699 (541–909) days in the apabetalone-238

treated group; in participants with baseline MoCA239

score 25–22, 694 (513–937), and 731 (548–939) days240

in placebo-treated and apabetalone-treated groups,241

respectively; and, in participants with baseline MoCA242

score ≤ 21, 702 (512–912) and 701 (493–778) days243

in placebo-treated and apabetalone-treated groups,244

respectively (p > 0.05 for all three comparisons).245

Apabetalone treatment was associated with a246

significantly increased total MoCA score com-247

pared to placebo among participants with baseline248

MoCA ≤ 21 (p = 0.02). There was no difference249

between treatment groups in total MoCA score250

among participants with baseline MoCA 25–22 or251

MoCA ≥ 26. Changes in MoCA score over the course252

of the study from baseline to LOC for the prespecified253

baseline MoCA score ranges and treatment groups254

are shown in Fig. 2. Supplementary Table 1 shows255

that in the participants with baseline MoCA ≤ 21256

placebo treatment shifted 16 (35%) participants to257

the 25–22 strata, and 1 (2%) to the ≥ 26 strata,258

which compared to 14 (46%) and 3 (10%) for the259

apabetalone group, consistent with an apabetalone260

treatment effect. Shifts for the participants with261

baseline MoCA 25–22 and ≥ 26 differed minimally262

between placebo and apabetalone.263

Supplementary Table 2 shows the analysis of264

changes in MoCA from baseline to LOC across the265

Fig. 2. Least Squares (LS) mean change in total Montreal Cogni-
tive Assessment (MoCA) score from baseline to last observation
captured according to MoCA subgroup and assigned treatment
group. Error bars represent standard error of the LS means.
p-values were calculated using ANCOVA statistical analysis to
compare change in total MoCA from baseline to last observation
captured between apabetalone-treated patients and placebo with
baseline total MoCA serving as a covariate and treatment arm as
a factor. p-values of < 0.05 are considered statistically significant.

MoCA domains in both treatment groups. There as a 266

trend (p = 0.099) for greater improvement in delayed 267

recall in the most severely impaired group compared 268

to placebo; this trend was not seen in the higher 269

functioning patients. The analysis indicated an asso- 270

ciation between MoCA change from baseline to LOC 271

and baseline MoCA category in the apabetalone- 272

treatment group but not in placebo-treatment group. 273

Table 2 shows the results of ANCOVA models 274

of change from baseline to LOC in total MoCA 275

scores between treatment groups. Apabetalone treat- 276

ment was associated with a significantly increased 277

total MoCA score compared to placebo among par- 278

ticipants with baseline MoCA ≤ 21 after adjustment 279

for demographic, clinical, and treatment variables. 280

Figure 3 shows that assessing treatment effects on 281

the MoCA at 52 and 100 weeks and last value treated 282

provided lower numbers of participants compared to 283

LOC. LOC provided the highest number of partic- 284

ipants and thereby best power to detect treatment 285

effects. 286

Biochemical parameters and their change across 287

all time points following treatment with placebo 288

and apabetalone are summarized in Supplemen- 289

tary Table 3. Apabetalone treatment resulted in 290
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decreased alkaline phosphatase levels irrespective of 291

baseline MoCA category. Among participants with 292

baseline MoCA ≥ 26, median change from base- 293

line of alkaline phosphatase was 0.0 U/L in the 294

placebo-treated group compared to –8.5 U/L in the 295

apabetalone-treated group (p < 0.0001); in partici- 296

pants with baseline MoCA 25–22, –1.0 U/L in 297

placebo-treated and –9.0 U/L in apabetalone-treated 298

groups (p = 0.003); and in participants with baseline 299

MoCA ≤ 21, –3.0 U/L in placebo-treated and –8.5 300

U/L in apabetalone-treated groups (p = 0.03). No cor- 301

relation was found between change in MoCA scores 302

and change in alkaline phosphatase levels. 303

In the cognition subgroup, more participants allo- 304

cated to apabetalone than placebo discontinued study 305

drug [24 (11.3%) versus 20 (7.9%)] for adverse events 306

including elevated liver function tests (LFT). Fewer 307

participants in the cognition subgroup allocated to 308

apabetalone than placebo died during the study [8 309

(3.8%) versus 13 (5.2%)]. Table 3 shows that among 310

participants in the cognition subgroup, similar num- 311

bers of participants in the apabetalone and placebo 312

groups experienced adverse events (150 [71%] versus 313

171 [68%] and serious adverse events (36% versus 314

35%). 315

DISCUSSION 316

Therapeutic intervention through epigenetic app- 317

roaches, and specifically BET inhibition, is a novel 318

area of study in CNS diseases and in late-life cog- 319

nitive disorders such as VaD and AD [12, 27, 28]. 320

Apabetalone is a small molecule BETi and in 321

the BETonMACE trial, was associated with an 322

18% favorable trend towards a lower risk of the 323

composite MACE endpoint (p = 0.11) and a 41% 324

reduction in hospitalization for congestive heart fail- 325

ure (p = 0.03) [17–19]. These observations suggest 326

that apabetalone-mediated BET protein inhibition 327

may have beneficial cardiovascular effects in patients 328

with diabetes who are at elevated risk for further 329

cardiovascular events. 330

Meta-analyses indicate that diabetes increases the 331

risk of all-cause dementia by a factor of 1.7, VaD 332

by a factor of 2.27 [29] and AD by a factor of 1.36 333

[7]. At autopsy, patients with diabetes have increased 334

cerebrovascular pathology compared to non-diabetic 335

patients [30]. When diabetes, cerebrovascular dis- 336

ease and AD-related pathology occur concomitantly, 337

they interact to worsen cognition [31–33]. Converg- 338

ing evidence that BET proteins play a role in AD, 339
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Fig. 3. Median total Montreal Cognitive Assessment (MoCA) score from baseline to last observation captured according to MoCA subgroup
and assigned treatment group. Error bars represent the interquartile ranges. p-values were calculated using Wilcoxon tests for continuous
variables. p-values of < 0.05 are considered statistically significant and are highlighted. All other p-values were not significant. LVT, last
visit on treatment.

Table 3
Adverse Events (AEs) according to assigned treatment group1

Non-Cognition Subgroup by Cognition Subgroup by
Assigned Treatment Group Assigned Treatment Group

Placebo Apabetalone Placebo Apabetalone
(n = 943) (n = 992) (n = 252) (n = 212)

Patients with at least 1 adverse event2 (%) 641 (68%) 675 (68%) 171 (68%) 150 (71%)
Patients with at least 1 adverse event 56 (6%) 85 (9%) 20 (8%) 22 (10%)

leading to study drug discontinuation (%)2

Patients with at least 1 serious 246 (26%) 278 (28%) 90 (36%) 75 (35%)
adverse event (%)2

Frequent adverse events2,3

Alanine aminotransferase increased 14 (1%) 52 (5%) 4 (2%) 12 (6%)
Acute myocardial infarction 37 (4%) 33 (3%) 13 (5%) 8 (4%)
Angina 59 (6%) 58 (6%) 17 (7%) 15 (7%)
Unstable angina 32 (3%) 53 (5%) 9 (4%) 5 (2%)
Bronchitis 17 (2%) 22 (2%) 15 (6%) 3 (1%)
Cardiac failure 19 (2%) 17 (2%) 18 (7%) 5 (2%)
Diabetes mellitus 56 (6%) 68 (7%) 6 (2%) 8 (4%)
Hypertension 59 (6%) 63 (6%) 12 (5%) 9 (4%)
Influenza 38 (4%) 30 (3%) 9 (4%) 12 (6%)
Nasopharyngitis 48 (5%) 43 (4%) 8 (3%) 3 (1%)
Urinary tract infection 29 (3%) 42 (4%) 11 (4%) 16 (8%)

1Safety population includes all patients who received at least 1 dose of study medication. 2Includes 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. 3Defined as occurring with a frequency
of 5% or more in any of the cognition or treatment groups.

neurodegeneration, and cerebrovascular disease in340

the setting of diabetes provided the rationale for341

assessing the effects of apabetalone on cognitive out-342

comes in older participants in the BETonMACE trial343

[12–15, 27, 28, 34]. Age of at least 70 years rendered344

the analysis subgroup at high risk for VaD and AD345

and defined a subgroup in which a cognitive effect346

of apabetalone might be more readily identified [35].347

Results of this nested, prespecified analysis suggest348

that in those participants with cognitive impairment at349

baseline, apabetalone treatment resulted in cognitive350

improvement over the ensuing 2 years. A likely rea- 351

son is that the post-ACS, type 2 diabetes population 352

with MoCA ≤ 21 had a more advanced cerebral vas- 353

cular and circulatory deficit, and thus were more 354

likely to have benefited from the proposed mecha- 355

nism of apabetalone. 356

The treatment-placebo difference on the MoCA for 357

those with baseline scores of 21 or less was 2.1 (1.7 358

for the placebo group; 3.8 for the treatment group; 359

p = 0.03). This 2.1-point difference is in the upper 360

range of the minimum clinically important difference 361
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(MCID) of MoCA scores which varies between 1.22362

and 2.15 in a similar (post-stroke) population treated363

with rehabilitation [21]. This outcome is sufficiently364

promising to warrant further investigation into the365

possible beneficial effects of apabetalone on cogni-366

tion in patients with dementia of AD, vascular, or367

mixed etiology.368

Mechanisms underlying an effect of apabetalone369

on cognitive function cannot be determined in a370

large, multicenter clinical trial but can be hypothesis-371

generating. Effects may include reduction of vascular372

inflammation and calcification, modulation of the373

complement and coagulation cascades, decrease in374

lipid levels, and reduced systemic inflammation, as375

have previously been reported for apabetalone [36,376

37]. Improved cerebral blood flow [38, 39] and a377

reduction in inflammation-induced dysfunction of378

the blood-brain barrier (BBB) may contribute to379

cognitive improvement [40–45]. Systemic inflam-380

mation activates BBB endothelial cells, heightening381

the surface abundance and release of inflammatory382

molecules into the brain and into circulating blood,383

increasing BBB permeability to peripheral leuko-384

cytes. Vascular inflammation and BBB breakdown385

are both causative factors of neuroinflammatory and386

neurodegenerative processes [46]. Apabetalone sup-387

presses BBB endothelial cell secretion of cytokines388

and chemokines and reduces the abundance of389

surface adhesion molecules in vitro. It lowers mono-390

cyte chemokine receptor expression, and monocyte391

chemoattraction [47]. As a result, apabetalone pre-392

vents the binding of monocytes to BBB endothelial393

cells stimulated by cytokines [47]. In a mouse394

model of systemic inflammation, administration of395

oral apabetalone decreases brain expression of pro-396

inflammatory mediators, despite being largely BBB397

impermeant [47]. Apabetalone is proposed to protect398

the BBB by reducing systemic and local inflam-399

mation, resulting in less neuroinflammation and400

decreased neurodegeneration.401

The search for blood-based biomarkers for cog-402

nitive dysfunction is an area of active research with403

hope of identifying biomarkers that are diagnostic,404

prognostic, and predictive of therapeutic outcomes405

[48, 49]. Serum alkaline phosphatase has recently406

been shown to be associated with AD diagnosis407

and pathophysiology and to predict cognitive decline408

[50–52]. Alkaline phosphatase has previously been409

shown to decrease in apabetalone-treated patients in410

studies of CVD or CKD patients [25]. In this cogni-411

tion sub-study, alkaline phosphatase levels decreased412

significantly in the apabetalone-treatment subgroup413

compared to the placebo group across all pre-defined 414

cognitive subgroups. Apabetalone exhibited direct 415

effects on the expression of alkaline phosphatase in 416

cellular models [53]. It is unknown whether mod- 417

ulation of alkaline phosphatase levels reflects an 418

attenuation of underlying inflammation [54]. No 419

relationship between MoCA change and change in 420

alkaline phosphatase was observed in this study. 421

This study has important limitations. Dichotomiza- 422

tion of the study population at age 70 years was 423

arbitrary but intended to focus on patients at high risk 424

for cognitive decline. Effects of apabetalone on cog- 425

nition in younger patients are unknown. The MoCA is 426

a brief instrument that was feasible to administer in a 427

large, multicenter cardiovascular clinical trial. More 428

comprehensive cognitive assessments are required to 429

better define the effects of apabetalone. Neither the 430

duration of treatment to achieve optimal effects on 431

cognition nor the persistence of effects on cognition 432

after discontinuation of treatment could be deter- 433

mined in the BETonMACE trial. In BETonMACE 434

the cause of the cognitive impairment in the partic- 435

ipants with MoCA scores of 21 or less is unknown, 436

and we cannot deduce whether the treatment effects 437

occurred in participants with AD, VaD, or both. 438

MoCA scores increased directionally from baseline 439

in the treatment group with the lowest baseline MoCA 440

score category and decreased directionally from base- 441

line in both treatment groups of the highest baseline 442

MoCA score category. These observations are con- 443

sistent with regression to the mean in both treatment 444

groups; however, this would not account for the 445

significant differences between treatment groups in 446

the evolution of MoCA scores over time. Notwith- 447

standing these acknowledged limitations, the data 448

justify further study of apabetalone’s effects on cog- 449

nition. 450

In conclusion, the results of the cognitive sub-study 451

of the BETonMACE trial hold promise that BET 452

protein inhibition with apabetalone may provide a 453

novel therapeutic approach for patients with concur- 454

rent CVD and cognitive impairment. New treatments 455

for AD and VaD are US and global research priorities 456

[55]. The findings of this sub-study of BETonMACE 457

suggest epigenetic interventions may be a safe and 458

efficacious therapeutic approach to augment cogni- 459

tive capacity and warrant further study [56]. More 460

specifically, the current findings provide impetus for a 461

dedicated, placebo-controlled trial to test the efficacy 462

of apabetalone on cognitive function with assess- 463

ment instruments, outcome measures, and trial design 464

strategies suited to investigate cognitive effects.
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