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Abstract

Background: In stable patients with type 2 diabetes (T2D), insulin treatment is associated with elevated risk for
major adverse cardiovascular events (MACE). Patients with acute coronary syndrome (ACS) and T2D are at particularly
high risk for recurrent MACE despite evidence-based therapies. It is uncertain to what extent this risk is further magni-
fied in patients with recent ACS who are treated with insulin. We examined the relationship of insulin use to risk of
MACE and modification of that risk by apabetalone, a bromodomain and extra-terminal (BET) protein inhibitor.

Methods: The analysis utilized data from the BETonMACE phase 3 trial that compared apabetalone to placebo in
patients with T2D, low HDL cholesterol, andACS. The primary MACE outcome (cardiovascular death, myocardial infarc-
tion, or stroke) was examined according to insulin treatment and assigned study treatment. Multivariable Cox regres-
sion was used to determine whether insulin use was independently associated with the risk of MACE.

Results: Among 2418 patients followed for median 26.5 months, 829 (34.2%) were treated with insulin. Despite high
utilization of evidence-based treatments including coronary revascularization, intensive statin treatment, and dual
antiplatelet therapy, the 3-year incidence of MACE in the placebo group was elevated among insulin-treated patients
(20.4%) compared to those not-treated with insulin (12.8%, P=0.0001). Insulin treatment remained strongly associ-
ated with the risk of MACE (HR 2.10, 95% Cl 1.42-3.10, P=0.0002) after adjustment for demographic, clinical, and
treatment variables. Apabetalone had a consistent, favorable effect on MACE in insulin-treated and not insulin-treated
patients.

Conclusion: Insulin-treated patients with T2D, low HDL cholesterol, and ACS are at high risk for recurrent MACE
despite the use of evidence-based, contemporary therapies. A strong association of insulin treatment with risk of
MACE persists after adjustment for other characteristics associated with MACE. There is unmet need for additional
treatments to mitigate this risk.
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Introduction

Patients with acute coronary syndrome (ACS) are at high
risk for additional major adverse cardiovascular events
(MACE). Patients with type 2 diabetes comprise approxi-
mately 30% of those with ACS and experience up to twice
the risk of recurrent MACE as those without type 2 dia-
betes [1-3].

Chronic insulin treatment is required in approximately
25% of patients with type 2 diabetes to control hyper-
glycemia [4]. Among patients with type 2 diabetes and
ACS, approximately 35% receive chronic insulin treat-
ment [5-7]. In patients with type 2 diabetes who have
not had prior MACE or who have stable coronary heart
disease, insulin use is associated with elevated risk of
incident or recurrent MACE and death despite use of
evidence-based cardiovascular therapies [8—11]. How-
ever, the extent to which insulin treatment is associated
with elevated cardiovascular risk after ACS is uncertain.
Moreover, no diabetes medication has been shown to
reduce MACE after ACS. Medications that have shown
favorable cardiovascular effects in stable patients have
not been studied after ACS [metformin, sodium-glu-
cose loop transporter-2 (SGLT2) inhibitors] and drugs in
other classes that have been studied after ACS failed to
show benefit [glucagon-like peptide-1 (GLP-1) receptor
agonists, dipeptidyl peptidase-4 inhibitors] [6, 12].

Bromodomain and extra-terminal (BET) proteins are
epigenetic regulators of gene transcription. Apabetalone is
a selective BET protein inhibitor with potentially salutary
effects on pathways implicated in inflammation, endothelial
dysfunction, thrombosis, and vascular calcification [13-15].
These injurious processes are prognostically important in
patients with ACS [16]. Phase 2 clinical data suggested that
apabetalone might have favorable effects on MACE, par-
ticularly among those with type 2 diabetes [17]. Accordingly,
the phase 3 BETonMACE trial [7] was designed to com-
pare apabetalone with placebo in patients with type 2 dia-
betes and recent ACS. The present analysis used data from
BETonMACE to determine the association of insulin use
with risk of MACE after ACS in a contemporary cohort of
patients receiving evidence-based background cardiovascu-
lar treatments. In addition, we evaluated the interaction of
insulin use and apabetalone on that risk.

Methods

Study design

The design and principal results of the BETonMACE trial
have been described [7, 18]. The study was approved by

the responsible institutional review board at each par-
ticipating site, and each patient gave written, informed
consent. In brief, inclusion criteria were age at least
18 years, ACS within the preceding 7-90 days, low high-
density lipoprotein cholesterol (HDL-C) levels, and a
diagnosis of type 2 diabetes. Concomitant high-intensity
statin therapy with atorvastatin 40-80 mg or rosuvas-
tatin 20—40 mg daily was required unless a lower dose
was medically indicated. Other concomitant treatments,
including therapies for type 2 diabetes, were assessed at
the randomization and subsequent visits. Patients with a
prescription for any insulin product were considered to
be insulin-treated. Eligible patients were randomized to
treatment with apabetalone 100 mg twice daily or match-
ing placebo. The trial continued until a blinded clinical
events committee determined that at least 250 patients
had experienced the primary MACE outcome (cardiovas-
cular death, non-fatal myocardial infarction or non-fatal
stroke). Secondary endpoints included hospitalization
for heart failure. Adverse and serious adverse events,
including hypoglycemia, were reported by investigators
and categorized according to the Medical Dictionary for
Regulatory Activities (MedDRA).

Statistical analysis

This was a post hoc analysis. Baseline characteristics
were summarized as percentages for dichotomous data
and means (SDs) for approximately normal or medians
(IQRs) for non-normal continuous data. Characteristics
were compared between patients with diabetes who were
or were not treated with insulin during the trial using
t-tests or Wilcoxson tests for continuous variables and
chi-square tests for categorical variables.

The cumulative incidence of the primary MACE end-
point was described in each treatment group and insulin
use subgroup with Kaplan—Meier survival analysis. Cox
proportional hazards models were used to determine
treatment hazard ratios (HR) with 95% confidence inter-
val (CI) and interaction of study treatment and insulin
treatment on MACE.

Cox regression models were used to determine whether
insulin treatment was an independent predictor of
MACE and hospitalization for heart failure in the placebo
group. Model 1 was stratified for country and baseline
statin allocation. Model 2 was adjusted for demographic
variables (age, sex, race) and other characteristics that
differed between insulin-treated and not insulin-treated
patients including duration of diabetes; history of heart
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failure, myocardial infarction, or coronary revasculariza-
tion procedure prior to the qualifying ACS; statin treat-
ment intensity, and hemoglobin Alc. Model 3 was also
adjusted for the variables in model 2 plus use of met-
formin, sulfonylureas, sodium-glucose cotransporter-2
(SGLT?2) inhibitors, and glucagon-like peptide-1 (GLP-1)
receptor agonists.

Heterogeneity in the absolute difference in risk of
MACE with apabetalone versus placebo according to
insulin treatment category was determined according to
equation 5 for quantitative interaction in the treatise of
Gail and Simon [19]. The occurrence of adverse events
related to hypoglycemia in insulin-treated versus not
insulin-treated patients and of MACE among those with
or without hypoglycemia were compared with Fisher’s
exact test. Other analyses were performed with R soft-
ware, version 3.5.1 or higher (R Foundation for Statistical
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Computing). P-values less than 0.05 were considered sta-
tistically significant.

Results
The analysis cohort comprised 2418 patients who were
randomized at 190 sites in 13 countries between Novem-
ber 2015 and July 2018, received at least one dose of
study medication, and were followed for a median of
26.5 months. Overall, there were 274 primary MACE
endpoints with 125 (10.9%) in the apabetalone group and
149 (12.4%) in the placebo group (treatment HR 0.82;
95% CI 0.65-1.04; P=0.11) [7]. There were 78 patients
with hospitalization for heart failure, with 29 (2.4%) in
the apabetalone group and 49 (4.0%) in the placebo group
(treatment HR 0.59; 95% CI 0.38—0.94; P =0.03) [20].
Baseline characteristics of the analysis cohort
are summarized in Table 1. There were 829 (34.3%)

Table 1 Baseline characteristics of the patients according to insulin treatment

All patients (N =2418)

Insulin-treated (N=829) Not insulin-treated Treated vs. not

(N=1589) treated P-value
Demographics
Age, years, mean (SD) 61.3(9.5) 61.0 (94) 61.4(9.6) 0.36
Female, n (%) 618 (25.6) 239 (28.8) 379 (23.9) 0.008
Non-White Race, n (%) 299 (12.4) 140 (16.9) 159 (10.0) <0.0001
Medical history
Duration of diabetes, years, mean (SD) 8.5(7.6) 12.6 (8.0) 6.4 (6.5) <0.0001
Prior MI, PCI, or CABG; n (%) 865 (35.8) 331(39.9) 534 (33.6) 0.002
Heart failure; n (%) 348 (14.4) 141 (25.0) 207 (13.0) 0.01
Index ACS, n (%)
STEMI 932 (52.7) 313(37.8) 619 (39.0) 0.24
Non-STEMI 836 (47.3) 304 (36.7) 532 (33.5) 0.24
Unstable angina 625 (26.0) 200 (24.1) 425 (26.7) 0.19
Revascularization for index ACS 1922 (79.5) 667 (80.5) 1255 (79.0) 042
Biometrics, mean (SD)
Body mass index, kg/m? 30.3(4.9) 30.2 (4.9) 30.3(4.9) 0.66
Systolic blood pressure, mmHg 129 (15) 130 (16) 129 (14) 0.24
Cardiovascular and diabetes medications, n (%)
High-intensity statin 2195(90.2) 770 (92.9) 1425 (89.7) 0.01
ACE-inhibitor or ARB 2229 (92.2) 770 (92.9) 1459 (91.8) 040
Dual anti-platelet therapy 2122 (87.8) 735 (88.7) 1387 (87.3) 0.36
Metformin 1998 (82.6) 604 (72.9) 1394 (87.7) <0.0001
Sulfonylurea 707 (29.2) (2 4) 530(33.4) <0.0001
SGLT2 inhibitor 298 (12.3) 7(16.5) 161 (10.1) <0.0001
GLP-1 receptor agonist 86 (3.6) 1(6.2) 3522 <0.0001
Clinical chemistry, median (Q1-Q3)
Estimated GFR (mL/min/1.73m?) 98.3 (76.2-126.2) 95.7 (73.8-127.9) 99.7 (77.3-125.5) 0.23
Fasting glucose, mmol/L 5(6.1-9.7) 7 (6.8-114) 0(5.9-9.0) <0.0001
Hemoglobin Alc, % .3(64-87) 4 (7.5 96) .9 (6.2-7.8) <0.0001
LDL cholesterol, mmol/L 7(13-22) 7(13-22) 7(13-2.2) 0.62




Schwartz et al. Cardiovasc Diabetol (2021) 20:125

insulin-treated patients and 1589 (65.7%) who were not
insulin-treated. Insulin-treated patients were more likely
to be female, of non-white race, to have a longer dura-
tion of diabetes and a history of heart failure, to have a
prior history of myocardial infarction or coronary revas-
cularization, and to receive high-intensity statin treat-
ment. Insulin-treated patients had higher baseline levels
of fasting glucose and hemoglobin Alc than patients not
treated with insulin. Insulin-treated patients were less
likely to be treated with metformin or sulfonylureas, but
more likely to be treated with SGLT2 inhibitors or GLP-1
receptor agonists.

The Fig. 1 shows the cumulative incidence of MACE by
insulin treatment category and study treatment group.
Among patients assigned to placebo, Kaplan—Meier esti-
mates of the incidence of MACE at 3 years were 20.4%
in the insulin-treated subgroup and 12.8% in the not
insulin-treated subgroup (relative risk 1.59; P=0.0001).
Apabetalone had a similar effect on the relative risk of
MACE in the insulin-treated subgroup (treatment HR
0.80; 95% CI 0.57—1.14) and in the not insulin-treated
subgroup (HR 0.85; 95% CI 0.61-1.18; Py craction=0.78).
However, due to the higher absolute risk of MACE in
the former subgroup, the 3-year Kaplan—Meier estimate
of the absolute difference in risk of MACE between apa-
betalone and placebo groups was twice as great (3.6%) as
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in the not insulin-treated subgroup (1.8%; P=0.006 for
heterogeneity).

Table 2 shows the results of Cox proportional hazards
models relating insulin treatment to the risk of MACE
and hospitalization for heart failure in the placebo group.
Insulin use was a significant predictor of MACE in unad-
justed and adjusted models. In fully adjusted Model 3 the
use of insulin was associated with a HR for MACE of 2.10
(95% CI 1.42-3.10; P=0.0002). Insulin use was also a sig-
nificant predictor of hospitalization for heart failure with
HR 2.34 (95% CI 1.19-4.60; P =0.01) in the fully adjusted
model.

The incidence of treatment-emergent adverse events
(TEAE) (i.e., adverse events that developed or worsened
during randomized treatment) was greater in patients
treated with insulin than in those not treated with insulin
(79% versus 62%), with the difference driven by cardio-
vascular (28% versus 20%) and hematologic (7% versus
3%) events. Similarly, serious TEAE (those that were
fatal, life-threatening, required or prolonged hospitali-
zation, or led to disability) occurred in 39% of insulin-
treated versus 23% of not insulin-treated patients. TEAE
rates were similar in apabetalone versus placebo groups
among patients treated with insulin (77% versus 82%) or
not treated with insulin (64% versus 61%) as were serious
TEAE rates.

2] —— - Placebo

—_— == Apabetalone

Cumulative Incidence of MACE (%)

HR = 0.80 (95% ClI; 0.57 — 1.14)

Insulin-treated ] p=0.23

HR = 0.85 (95% Cl; 0.61 — 1.18)

Not insulin-treated ] p=0.42

Insulin x apabetalone
interaction P = 0.78

0 50 100

150 200
Weeks
No. at Risk 3-Yr Kaplan-Meier Event Rate (%)
Placebo/Insulin+ 420 370 239 65 73 204 A=3.6
Apabetalone/Insulin+ 409 367 238 57 56 16.8 -
Placebo/Insulin- 786 736 462 106 76 12.8 B
Apabetalone/Insulin- 803 753 487 126 69 11.0 -

Fig. 1 Cumulative incidence of MACE by study treatment group and insulin treatment category. Kaplan-Meier plots showing the cumulative
incidence of MACE in the apabetalone and placebo groups, according to insulin treatment category. Hazard ratio are calculated by Cox proportional
hazards models, stratified by country (countries with fewer than 100 patients combined) and statin agent (atorvastatin or rosuvastatin). Solid lines,
insulin-treated. Dashed lines, not insulin-treated. MACE, major adverse cardiovascular events. Apabetalone had a larger effect on absolute risk of
MACE among insulin-treated than not insulin-treated patients (quantitative interaction P =0.006)
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Table 2 Cox proportional hazards models for the association of insulin treatment with risk of MACE and hospitalization for heart

failure in the placebo group

Insulin- Not insulin treated (n=786) Model Model covariates HR [95% Cl] (insulin-treated/ p-value
treated (n=420) not treated)
No. of events/N (%) No. of events/N (%)
MACE MACE 1 Unadjusted MACE
73/420(174) 76/786 (5.7) 1.89 [136-2.62] 0.0001
HHF HHF
28/420 (6.7) 21/786 (2.7) HHF
2.481[1.40-4.40] 0.002
2 Age, sex, race, dura-  MACE
tion of diabetes, 1 g5127-273] 0,002
HbA1c, use of
intensive statin, HHF
prior MI/PCI/CABG, 1.79[0.92-3.47] 0.08
and prior heart
failure
3 Model 2 plus adjust-  MACE
mentforuseof 5 401142-3.10] 00002
metformin, sulfo-
nylurea, SGLT2i, HHF
and GLP-1 RA 2.34[1.19-4.60] 0.01

CABG coronary artery bypass grafting, GLP-1 RA glucagon-like peptide-1 receptor agonist, HHF hospitalization for heart failure, MACE major adverse cardiovascular
events, Ml myocardial infarction, PC/ percutaneous coronary intervention, SGLT2i sodium-glucose loop transporter 2 inhibitor

Adverse events related to hypoglycemia were more
common in insulin-treated patients (n =26, 3.1%) than in
patients not treated with insulin (n=11, 0.7%, P <0.001).
There was 1 serious adverse event related to hypoglyce-
mia, in an insulin-treated patient. The number of patients
with a hypoglycemia-related adverse event was similar
with apabetalone or placebo (17 vs. 20). Hypoglycemia
did not appear to account for the increased risk of MACE
in insulin-treated patients. Among the 26 insulin-treated
patients with a hypoglycemia-related adverse event,
MACE occurred in 5 (19.2%). Among the 803 insulin-
treated patients without a hypoglycemia-related adverse
event, MACE occurred in 124 (15.4%, P =0.58).

Discussion

Insulin treatment has been associated with elevated risk
for incident or recurrent MACE in patients with type 2
diabetes without or with established, stable atheroscle-
rotic cardiovascular disease [8—11]. Patients with ACS
are at high risk of further ischemic cardiovascular events.
This risk is magnified approximately twofold among
patients with type 2 diabetes [1-3]. The present analysis
demonstrates that risk is even further magnified in insu-
lin-treated patients with type 2 diabetes and ACS, with
a 3-year incidence of cardiovascular death, myocardial
infarction, or stroke of approximately 20%. This elevated
risk persists despite high utilization of contemporary,
evidence-based treatments for ACS including coronary
revascularization, intensive statin therapy, inhibitors

of the renin-angiotensin system, and dual anti-platelet
agents and with good control of blood pressure and low-
density lipoprotein cholesterol levels. Insulin use was also
associated with a significantly increased risk of hospitali-
zation for heart failure, even after adjustment for prior
heart failure.

Insulin treatment was associated with other charac-
teristics generally associated with high cardiovascular
risk, including prior myocardial infarction, coronary
revascularization, and heart failure and longer duration
of diabetes. In particular, a longer duration of diabetes
may be associated with more severe or extensive ath-
erosclerosis [21-23]. Insulin use was also associated
with higher levels of hemoglobin Alc and fasting glu-
cose and lower utilization of metformin and sulfonylu-
reas. On the other hand, insulin use was also associated
with greater utilization of SGLT2 inhibitors and GLP-1
receptor agonists which might be expected to reduce
risk of recurrent MACE and heart failure events. How-
ever, adjustment for all of these variables and demo-
graphic characteristics did not diminish the strength of
association of insulin treatment with risk of MACE and
hospitalization for heart failure. We cannot exclude the
possibility that other, unidentified covariates account in
part for the remaining association.

Insulin may also have direct adverse cardiovascular
effects. Exogenous insulin therapy may cause hypogly-
cemia and in turn increased risk of MACE and death
[24-26]. Insulin also promotes pathologic cell growth
and proliferation in the arterial wall [27]. Intravascular
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ultrasound shows that insulin-treated patients with
coronary artery disease have smaller external elas-
tic membrane and lumen volumes than patients not
treated with insulin, resulting in greater percent ath-
eroma volume for a given total atheroma volume [28].
In a favorable direction, insulin treatment reduces the
concentration of circulating free fatty acids [29] and
thereby might attenuate deleterious effects of elevated
free fatty acids on endothelial function, intensity of
inflammation, blood pressure, and sudden -cardiac
death [30, 31].

The only randomized, prospective trial evaluating
effects of long-term insulin treatment on risk of MACE
following ACS in patients with type 2 diabetes indicated
no benefit and the possibility of harm. The Diabetes
Mellitus Insulin Glucose Infusion in Acute Myocardial
Infarction 2 (DIGAMI-2) trial comprised 1253 patients
of whom 947 were randomly assigned to insulin-based
or conventional glucose control at hospital discharge
after receiving 24 h of insulin—glucose infusion in hos-
pital. Two year mortality was high but did not differ sig-
nificantly between groups (23.4% versus 21.2%) [32]. In
extended follow-up at a median 4.1 years, insulin-based
treatment was also associated with a non-significant
excess of deaths (odds ratio 1.30, 95% CI 0.93-1.81) and
with a significant excess of non-fatal MACE (odds ratio
1.89, 95% CI 1.35-2.63) [33]. Other diabetes drugs evalu-
ated in large randomized, placebo-controlled trials in
patients with ACS also failed to show benefit, including
lixisenatide [6], alogliptin [12], and aleglitazar [5].

Limitations

Limitations include the fact that the analysis was con-
ducted on a post hoc basis and the trial had limited
power to draw inference on event rates and treatment
effects in subgroups. Cox models were adjusted for char-
acteristics that differed between patients who were or
were not treated with insulin. However, the possibility of
residual confounding by unmeasured clinical or labora-
tory variables cannot be excluded. Changes in the doses
of diabetes medications were not ascertained. Only 3.1%
of insulin-treated patients had an investigator-reported
adverse event related to hypoglycemia and these patients
accounted for only 5 MACE events; however, some hypo-
glycemic events may not have been reported and may
have contributed to a higher rate of MACE in insulin-
treated patients. Patients in the BETonMACE trial were
randomized 7-90 days after the qualifying ACS event;
i.e., at hospital discharge or thereafter. The current analy-
sis therefore does not consider potential effects of insulin
use during hospitalization for ACS and associated revas-
cularization procedures [34]. Patients in the trial had low
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levels of HDL cholesterol; it is uncertain whether findings
were influenced by this selection criterion.

Conclusion

Insulin treatment is required in many patients with type
2 diabetes and ACS. Notwithstanding the above limita-
tions, insulin use is strongly associated with risks of
recurrent MACE and hospitalization for heart failure fol-
lowing ACS, even after adjustment for other character-
istics associated with these risks and despite widespread
use of evidence-based therapies including coronary
revascularization, intensive statin treatment, inhibitors
of the renin—angiotensin system, and dual-antiplatelet
agents. Because no diabetes drug has shown cardiovas-
cular benefit in patients with recent ACS, the present
observations highlight a need for new treatments to
reduce MACE and heart failure events in this very high-
risk setting.

Apabetalone is a selective BET protein inhibitor with
potentially salutary effects on pathways implicated in
inflammation, endothelial dysfunction, thrombosis, and
vascular calcification [13—15]. In patients with type 2 dia-
betes, low HDL cholesterol, and recent ACS, the BETon-
MACE study showed a trend to decreased risk of MACE
with apabetalone and fewer heart failure hospitalizations
compared to placebo [7, 20]. The large absolute differ-
ence in the incidence of MACE with apabetalone versus
placebo among insulin-treated patients suggests that this
group might derive benefit and warrants further study.
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