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Abstract
Purpose of Review Mimetics and analogs that extend the half-life of native glucagon-like peptide-1 (GLP-1), i.e., glucagon-like
peptide-1 receptor agonists (GLP-1 RAs), at therapeutic doses, are indicated as adjuncts to diet and exercise, to improve glycemic
control in adults with type 2 diabetesmellitus (T2DM). In patients with T2DM,GLP-1 RAs not only affect improvements in impaired
beta cell and alpha cell function, suppress appetite, and induce weight loss but also possess multiple cardiovascular protective
properties that potentially have a beneficial impact on atherosclerotic cardiovascular disease (ASCVD) morbidity and mortality.
Recent Findings Required to demonstrate CV safety, compared to standard-of-care antidiabetic therapies, GLP-1 RAs have revealed
statistically significant non-inferiority (p < 0.001), among CVoutcome trials (CVOTs) thus far completed. Once-daily liraglutide and
once-weekly semaglutide demonstrated significant superiority (p= 0.01 and p = 0.02, respectively), reducing 3-point composite major
adverse cardiovascular events (MACE) in extreme risk secondary prevention adults with T2DM.Once-weekly exenatide demonstrated
only a non-significant (p = 0.06) favorable trend for CV superiority, possibly due to in-trial mishaps, including placebo drop-ins with
other CV protective medications. The short half-life lixisenatide was neutral (p = 0.81) in reducing MACE, most likely due to
ineffective once-daily dosing. Structural differences among GLP-1 mimetics and analogs may explain potency differences in both
A1C reduction and weight loss that may parallel important cardiovascular protective properties of the GLP-1 RA class.
Summary Significant superiority in reducing 3-point composite MACE in adults with T2DMwith GLP-1 RAs has been limited
to liraglutide and semaglutide. Careful attention to within-trial drop-in of cardioprotective antidiabetic agents assuring equipoise
between placebo and investigational product groups might demonstrate significant MACE risk reduction with once-weekly
exenatide. Maintenance of 24-h circulating levels, by an alternative administration method, may resurrect lixisenatide as a
cardioprotective agent. Before a GLP-1 RA bioequivalence “class effect” claim for composite MACE risk reduction superiority
can be fully discussed, we are obliged to wait for the pending results of CVOTs with other GLP-1 RAs, particularly albiglutide
and dulaglutide, where steric hindrance may potentially inhibit full mimicry of pharmacologic GLP-1.
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Abbreviations
ARR Absolute risk reduction
BMI Body mass index

CKD Chronic kidney disease
CVD Cardiovascular disease
CVOTs CV (safety) outcome trials
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DPP-4 Dipeptidyl peptidase-4
FDA Food and Drug Administration
GLP-1 RAs Glucagon-like peptide-1

receptor agonists
HR Hazard ratio
MACE Major adverse cardiovascular events
NF-MI Non-fatal myocardial infarction
NNH Number needed to harm
NNT Number needed to treat
PEP Primary endpoint
RCTs Randomized clinical trials
RRR Relative risk reduction
T2DM Type 2 diabetes mellitus
UA Unstable angina
Acronyms
ELIXA Evaluation of Lixisenatide in Acute Coronary

Syndrome
EXSCEL Effect of Once Weekly Exenatide On

Cardiovascular Outcome in Type 2 Diabetes’
FREEDOM-
CVO

Cardiovascular outcome safety study of ITCA
650, an injection-free exenatide osmotic mini-
pump delivery system

HARMONY Trial of the effect of albiglutide on major ad-
verse cardiovascular (CV) events in patients
with T2DM and established CV disease

LEADER Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome
Results

REWIND Researching cardiovascular Events with a
Weekly Incretin in Diabetes

SUSTAIN-6 Trial to Evaluate Cardiovascular and Other
Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes

Introduction

In patients with type 2 diabetes mellitus (T2DM), atheroscle-
rotic cardiovascular (CV) disease (ASCVD), the most com-
mon of diabetes-related complications, is caused by multiple
risk factors, requiring decades to develop, even before a
dysglycemia diagnosis, and is the leading cause of morbidity,
multimorbidity, and mortality [1]. Standard-of-care therapeu-
tic approaches are directed at causal factors, and the earlier in
life these risks are recognized, and managed, the more likely
success in primary prevention of complications is realized.
Clinical observations and randomized clinical trials (RCTs)
have demonstrated that once complications have occurred,
secondary prevention requires vigilance to even more aggres-
sive therapies and even when known risk factors appear opti-
mized, considerable residual risk for progression to
multimorbidity and mortality exists [2, 3].

The causal association of hyperglycemia with microvascu-
lar and neuropathic complications (i.e., retinopathy, nephrop-
athy (CKD), neuropathy) as well as RCTs has demonstrated
that reducing hyperglycemia reduces their onset and progres-
sion [4, 5]. An association of hyperglycemia with ASCVD
events has been demonstrated in multiple epidemiological
studies and a multifactorial role of hyperglycemia in unfavor-
ably modifying the atherosclerotic environment has been rec-
ognized for decades [6–8]. However, historically, there has
been a failure within RCTs ≤ 10-year duration, to demonstrate
that glycemic control reduces ASCVD events significantly,
possibly due to an ethically driven narrow between-group
A1c difference (≤ 1.8%) of these previous trial designs.
Fortunately, however, post hoc analysis across a 6 to 10%
A1C range does support a linear 14% reduction of ASCVD
events for each 1% reduction of A1C [9] and, furthermore,
legacy or memory effects have been noted [10], suggesting
early treatment can have long-term positive effects. Glycemic
control in the face of progressive deterioration of beta cell
function in T2DM is one of several important challenges of
clinical management in preventive cardiodiabetology and re-
quires an understanding of the multiple pathophysiological
mechanisms and contributors to the hyperglycemic state [11].

To establish their safety, as well as efficacy, the US Food and
Drug Administration in 2008 issued new industry guidelines
mandatingRCTs to assess potentialmajor adverse cardiovascular
event (MACE) risk among new therapies to treat hyperglycemia
in T2DM [12]. Such RCTs permit assessment of a drug’s poten-
tial benefits or harms and assist in the avoidance of dubious
claims or conclusions from unrandomized CV studies and anal-
yses. A 3-point MACE composite of CV death, non-fatal myo-
cardial infarction (NF-MI), and NF-stroke has been the primary
endpoint of these randomized cardiovascular outcome trials
(CVOTs); some primary endpoints include additional compo-
nents. Although designed as non-inferiority studies, some study
designs prespecify a test for superiority if non-inferiority criteria
are met. Recognized limitations of these recent requirements
include the utilization of event-driven “composite” endpoints to
shorten these expensive RCTs, in large populations at “extreme
risk,” i.e., patients with T2DM and prior recognized cardiovas-
cular disease (CVD) that are already ethically standard-of-care-
managed aggressively to reduce secondary ASCVD events.

The Role of Glucagon-Like Peptide-1 Receptor
Agonists in the Management
of Hyperglycemia and Potential
Cardiovascular Protection

A significant advance in diabetes management appeared with
discoveries related to the incretin system for glucose homeo-
stasis, a defective pathway in T2DM described as incretin
resistance [13•, 14•]. Glucagon-like peptide-1 (GLP-1), the
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pluripotent incretin, is induced postprandially and secreted
from both the neurons in the caudal regions of the nucleus of
the solitary tract (NTS) and mostly the enteroendocrine (intesti-
nal epithelial) L-cells located in the distal jejunum, ileum, and
colon. The NTS releases GLP-1 into the hypothalamus to con-
trol food intake [15]. GLP-1 secreted by L-cells is rapidly
inactivated by the ubiquitous enzyme dipeptidyl peptidase-4
(DPP-4). The primary actions of native GLP-1 on beta cell stim-
ulation of insulin synthesis and secretion and alpha cell suppres-
sion of glucagon are glucose-dependent, with secondary actions
including insulin-stimulated peripheral glucose utilization and
reduction of glucagon-stimulated hepatic glucose production
[16]. The benefits of continuous administration of pharmacolog-
ic doses of native GLP-1 intravenously or subcutaneously have
been elucidated [13•, 14•]. Long-term utilization of pharmaco-
logical GLP-1 may also preserve the morphology and biochem-
ical pathways of beta cells, including reduced apoptotic cell
death [17]. Additional actions of GLP-1 on the hypothalamic
appetite center and gastric emptying reduce postprandial glucose
excursions and result in weight loss [13•, 14•, 15].

Synthesized to resist DPP-4 inactivation and considerably
extend the GLP-1 half-life, several GLP-1 mimetics and ana-
logs, as GLP-1 receptor agonists (GLP-1 RAs), when adminis-
tered subcutaneously, mimic the primary and secondary actions
of continuously delivered native GLP-1 [16] including its ex-
tremely important glucose-dependent actions. Thus, while phar-
macologic GLP-1 RAs reduce A1c, hypoglycemic risk can be
avoided when utilized as monotherapy or in combination with
other “antihyperglycemic” agents, i.e., agents without hypogly-
cemic risk, but if utilized with “hypoglycemic” agents, i.e., in-
sulin or sulfonylureas, careful attention to hypoglycemic risk is
still required.

Cardiovascular GLP-1 Effects Beyond Glucose

In addition to weight loss, other non-glucose-lowering GLP-1
effects on the cardiovascular system include small increases in
natriuresis, small reductions in blood pressure, reduced in-
flammation, reduced ischemic injury, increased LV function
and heart rate, improved endothelial function, increased vaso-
dilatation, increased plaque stability, increased blood flow,
decreased smooth muscle proliferation, and reduced platelet
aggregation [13•, 14•]. GLP-1 RA has also been demonstrated
to significantly reduce postprandial hyperlipidemia (i.e.,
hypertriglyceridemia) [18, 19], chylomicrons, liver fat,
VLDL, remnant particle cholesterol, and apo CIII [20].
Hypertriglyceridemia and triglyceride-rich lipoprotein choles-
terol is recognized as an independent causal risk factor for
atherosclerotic cardiovascular disease (ASCVD) [21] and are
particularly prevalent in states of insulin resistance, i.e.,
T2DM [18–21]. Thus, GLP-1 RA may have cumulative
long-term effects on the reduction of ASCVD.

Approved GLP-1 RAs

Six GLP-1 RAs have been studied as subcutaneous injection
therapy, administered twice daily (exenatide), once daily
(liraglutide, lixisenatide), and once weekly (exenatide
extended-release, albiglutide, dulaglutide, semaglutide) for-
mulations. At therapeutic doses, the GLP-1 RAs are Food
and Drug Administration (FDA) indicated for treatment of
hyperglycemia in type 2 diabetes. A once-daily oral formula-
tion of semaglutide is currently investigational. All GLP-1
RAs, at their therapeutic glycemia-lowering indicated doses,
have been shown to cause significant weight loss of varying
degrees but are not FDA-approved for weight loss. Only at a
relatively higher dose, liraglutide, under a different brand
name, has been FDA-approved for the treatment of obesity.
A once-weekly high-dose semaglutide injection is investiga-
tional for a weight loss indication. The most common adverse
effects of GLP-1 RAs are varying degrees of gastrointestinal
disturbances, i.e., nausea and rarely vomiting.

Effects of GLP-1 RA in CV Outcome Trials Assessing CV
Safety

Four of the six marketed GLP-1 RAs, to date, have completed
CVOTs among extreme risk secondary prevention patients
with T2DM and demonstrated the minimum non-inferiority
(p = 0.001), relative to standard care, with respect to CV safety
mandated by the FDA [12]. Only two of the four completed
large CVOTs (Table 1) demonstrated CVefficacy superiority,
suggesting a lack of bioequivalence among all GLP-1 RAs.

LEADER

The GLP-1 RA, liraglutide, has FDA-approved indications as
an adjunct to diet and exercise to improve glycemic control in
adults with T2DM and to reduce the risk of MACE in adults
with T2DM and established CVD (https://www.novo-pi.com/
victoza.pdf). This latter indication was based on the results of
the 3.8-year duration “Liraglutide Effect and Action in
Diabetes: Evaluation of Cardiovascular Outcome Results”
(LEADER) multi-national, multicenter, placebo-controlled,
double-blind clinical trial in which 9340 patients with inade-
quately controlled T2DM and atherosclerotic CVD (81%)
were randomized to liraglutide 1.8 mg or placebo used con-
comitantly with background standard of care treatments for
T2DM [22•]. The primary outcome was the time to first oc-
currence of a 3-point MACE composite (death from CV
causes, non-fatal myocardial infarction (MI), or non-fatal
stroke). The primary outcome occurred in 13% of the
liraglutide group compared to 14.9% of the placebo group
for a 13% relative risk reduction (RRR) or hazard ratio (HR)
of 0.87 and 95% confidence interval (CI) 0.78 to 0.97. The p
value for non-inferiority was < 0.001 and for superiority was
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0.01. The 3.8-year absolute risk reduction (ARR) was 1.9%
and the number needed to treat (NNT) to prevent the compos-
ite primary endpoint was 53. The component of death from
CV causes occurred in 4.7% in the liraglutide group compared
to 6.0% in the placebo group for a 22% RRR or HR of 0.78
(CI 0.66 to 0.93, p = 0.007). The 3.8-year ARR was 1.3% and
NNT to prevent CV death was 77.

The rates of the non-fatal MI and non-fatal stroke compo-
nents of the 3-point MACEwere not significantly lower in the
liraglutide group than in the placebo group; however, there
was a 12%RRR trend for non-fatal MI in the liraglutide group
(6%) compared to the placebo group (6.8%; p = 0.11) and
there was an 11% RRR trend for non-fatal stroke in the
liraglutide group (3.4%) compared to the placebo group
(3.8%; p = 0.30). There was a 15% RRR [1.4% ARR, NNT
71] for death from any cause (CV and non-CV) for the
liraglutide group (8.2%) compared to the placebo group
(9.6%; p = 0.02) and a non-significant (p = 0.66; 5%) RRR
trend for non-CV death. There was a non-significant (p =
0.14; 13%) RRR for hospitalization for heart failure (218;
4.7%) patients in the liraglutide group compared to the place-
bo group (248; 5.3%). Nephropathy (defined as the new onset
of macroalbuminuria or a doubling of the serum creatinine
level and an eGFR of ≤ 45 ml/min//1.73 m2, the need for
continuous renal replacement therapy, or death from renal
disease) was significantly reduced by 22% (p = 0.003).
There were minor but significant improvements in A1C
(− 0.4%, p < 0.001), weight (− 2.3 kg; p < 0.001), and SBP
(− 1.2 mmHg, p < 0.001), and HR was 3 beats per minute.

SUSTAIN-6

Semaglutide has FDA-approved indications as an adjunct to
diet and exercise to improve glycemic control in adults with
T2DM. The pre-approval “Trial to Evaluate Cardiovascular
and Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes” (SUSTAIN-6) [23•] was
prespecified/designed to assess non-inferiority, but not
prespecified to assess superiority, of semaglutide as compared
with placebo in terms of cardiovascular safety in patients with
T2DM. SUSTAIN-6 was a relatively short 2.1-year duration
trial, with 3,297 participants, 83% of whom had a history of
cardiovascular disease. The primary outcome rate of compos-
ite of 3-point MACE occurred in 6.6% of the semaglutide
group and 8.9% of the placebo group, for a RRR of 26%,
not only demonstrating its prespecified designed, noninferior-
ity safety (p < 0.001), but also its superiority (p = 0.02) relative
to placebo. The non-fatal stroke component showed a signif-
icant 39% RRR (p = 0.04). The 2.1-year ARR was 2.3% or
NNTwas 43. Furthermore, the expanded composite outcome
that included first occurrence of death from cardiovascular
causes, non-fatal myocardial infarction, non-fatal stroke, re-
vascularization (coronary or peripheral), and hospitalizationT
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for unstable angina or heart failure showed a 26% RRR (p =
0.002). A composite of all-cause death, non-fatal myocardial
infarction, or non-fatal stroke showed a 23% RRR (p = 0.03)
or ARR 2.2% and NNT = 45. Also new or worsening ne-
phropathy defined by persistent macroalbuminuria, persistent
doubling of the serum creatinine level, and a creatinine clear-
ance of less than 45 ml/min/1.73 m2 body surface area or the
need for continuous renal replacement therapy showed a 36%
RRR (p = 0.005) or ARR 2.3% and NNT 43. Although prom-
ising, SUSTAIN-6 was relatively small (n = 3297), powered
as a non-inferiority study to exclude a pre-approval safety
margin of 1.8 set by the FDA and not prespecified to convinc-
ingly conclude superiority towarrant seeking a 3-pointMACE
risk reduction indication. In addition, there was no difference in
CV death (− 2%; p = 0.92) or death from any cause (+ 5%; p =
0.79). Non-fatal MI showed a non-significant 26% RRR trend
(p = 0.12). Retinopathy complications defined as vitreous hem-
orrhage, onset of diabetes-related blindness, and the need for
treatment with an intravitreal agent or retinal photocoagulation
had a relative 76% increase (3.0% for semaglutide vs. 1.8% for
placebo, p = 0.02) in incidence or number needed to harm
(NNH) of 83. There were minor between-group changes favor-
ing the two doses of semaglutide: in weight (kg) [− 2.9
(p < 0.0001) for 0.5 mg, − 4.3 (p < 0.0001) for 1.0 mg)]; for
A1C [− 0.7% (p < 0.0001) for 0.5 mg, − 1.0% (p < 0.0001) for
1.0 mg)]; for systolic blood pressure in mmHg [(− 1.3 (NS) for
0.5 mg, − 2.6 (p< 0.001) for 1.0 mg]; and for triglycerides [(−
3% (NS) for 0.5 mg and − 7% (p < 0.001) for 1 mg],
respectively.

EXSCEL

In the “Effect of Once Weekly Exenatide On Cardiovascular
Outcome in Type 2 Diabetes” (EXSCEL) trial, once-weekly
exenatide extended-release in biodegradable polymeric micro-
spheres, was evaluated vs. matching placebo among 14,752
patients with T2D with CVD (10,782, 73%) [24•]. At a me-
dian follow-up of 3.2 years, EXSCEL was event-driven re-
quiring 1591 primary composite outcome events defined as
the time to the first occurrence of the 3-point MACE (CV
death, non-fatal MI, and non-fatal stroke). There were 1744
primary outcome events; the primary outcome percent for the
placebo group was 12.2%, while for the exenatide extended-
release group 11.4%, for a modest 9% relative risk reduction
trend, not statistically significant, with upper end of the nar-
row confidence interval just touching the line of unity [HR
0.91 (0.83 to 1.00; p < 0.001 for non-inferiority and p = 0.061
for superiority)]. Although the primary outcome was statisti-
cally negative, all-cause mortality occurred in 7.9% of patients
in the placebo group and 6.9% in the once-weekly exenatide
group for significant 14% RRR (HR 0.86 (0.77–0.97), p =
0.016). There were minor but significant improvements in
A1C (− 0.53%; p < 0.001), weight (− 1.3 kg; p < 0.001), and

SBP (− 1.6 mmHg; p < 0.001), favoring exenatide-extended
release.

ELIXA

The Evaluation of Lixisenatide in Acute Coronary Syndrome
(ELIXA) was a multicenter, randomized, double-blind,
placebo-controlled trial designed with adequate statistical
power to assess whether once-daily lixisenatide 20 micro-
grams, in patients (n = 6068) with T2DM who had had a re-
cent acute coronary event or who had been hospitalized for
unstable angina within the previous 180 days, was not only
non-inferior but also superior to placebo, for the primary com-
posite endpoint (CV death, MI, stroke, or hospitalization for
unstable angina).

Followed for a median of 2.1 years (25 months) post-ACS
[25•], the primary endpoint event occurred in 13.4% of the
lixisenatide group and in 13.2% of the placebo group demon-
strating non-inferiority of lixisenatide to placebo (p < 0.001)
but, clearly, not superiority (p = 0.81). There was a non-
significant 4% RRR in the rate of hospitalization for heart
failure and a non-significant 6% RRR in the rate of all-cause
death. Lixisenatide was also neutral on CV endpoints in the
individual components of the primary composite endpoint.
There were minor but significant between-group improve-
ments in A1C (− 0.4%; p < 0.001), weight (− 0.7 kg;
p < 0.001), and systolic BP (− 0.8 mmHg; p = 0.001) favoring
lixisenatide.

GLP-1 RA CVOTS Pending Publication

FREEDOM-CVO

FREEDOM-CVO Safety Study (NCT01455896) [26] is a
global, placebo-controlled, small, pre-approval CVoutcomes
trial examining the safety of ITCA 650, exenatide, delivered
continuously once or twice yearly through a matchstick-sized,
miniature osmotic pump that is placed sub-dermally to pro-
vide continuous and consistent drug (exenatide) therapy, and
the company’s proprietary formulation technology, which
maintains stability of therapeutic peptides above human body
temperature for extended periods of time injection-free GLP-1
therapy that can deliver up to a full year of treatment from a
single placement of the osmotic mini-pump at 60 mcg/day vs.
placebo in approximately 4000 patients, > 40 years of age,
A1c > 6.5%, and history of coronary, cerebrovascular, or pe-
ripheral artery disease, on a variety of approved standard of
care antidiabetes therapies. The mean treatment duration was
very short in duration (1.2 years) and the small target number
of 160 (4.0%) event-driven CV events was reached in the
fourth quarter of 2015. The study has been completed and
met its primary and secondary endpoints by demonstrating
FDA-required non-inferiority for pre-approval CV safety.
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Since there has been no mention of CV superiority, a larger
CVOTof ITCAwould be appropriate continuousmaintenance
delivery is achieved with described technology. Final data has
yet to be published.

HARMONY

A preliminary evaluation of the CV safety of albiglutide was
afforded by the published meta-analysis of the nine
HARMONY program’s studies required by the regulatory
agencies approval process [27]. In these eight phase 3 studies
and one phase 2b study, patients were randomly assigned to
albiglutide, or placebo, or active comparators (glimepiride,
insulin glargine, insulin lispro, liraglutide, pioglitazone, or
sitagliptin). The duration of these studies differed: five lasted
up to 3 years, two lasted 1 year, one lasted 32 weeks, and the
phase 2b study only 16 weeks. This CV safety population
included 5107 patients, of whom 2524 took albiglutide
(4870 person-years) and 2583 took comparators (5213 per-
son-years). Low percentages of participants in the clinical de-
velopment programs had a history of CVD; approximately 5%
with prior MI, 1% with unstable angina, 3% with stable angi-
na, 1.8%with stroke, 4.4%with PAD, and the incidence of the
primary endpoints for each group were low. The primary end-
point, defined as a composite of first occurrence of composite
4-point MACE (i.e., 3-point MACE (CV death, non-fatal MI,
or non-fatal stroke) or hospital admission for unstable angina),
occurred in 2.3% patients on albiglutide and 2.2% patients on
comparators. Secondary endpoints were components of the
composites, as MACE alone, all-cause mortality, silent MI,
hospital admission for HF, chest pain, other angina, and sub-
dural or extradural hemorrhage. No significant differences
were noted in any of the primary or secondary outcome end-
points. That most of these patients were at the primary pre-
vention level accounts for low MACE incidence rates. In this
meta-analysis, the upper bound of the 95% CI for the primary
outcome was greater than 1.3, exceeding the key criterion for
excluding unacceptable risk and therefore, a dedicated
HARMONY Outcomes trial of predominantly secondary
CV prevention patients was undertaken to more rigorously
assess CV safety.

Harmony Outcomes [28•] is a randomized, double-blind,
placebo-controlled, event-driven trial of the effect of once-
weekly albiglutide 30 mg, or up to 50 mg, vs. placebo, in
patients (n = 9463), with baseline mean age 64.1 and 13.8-
year duration of T2DM with established CV disease. The
percentage of patients with prior coronary artery disease was
70.5%; peripheral arterial disease, 25.0%; stroke, 17.7%; heart
failure, 20.2%; and chronic kidney disease, 22.6%. The pri-
mary outcome is 3-point MACE (CV death, myocardial in-
farction, or stroke). Harmony Outcomes (ClinicalTrials.gov
number NCT02465515) was recently completed and will
provide information critical to our understanding of the

GLP-1 RA “class effect” and its results and publication are
pending.

REWIND

The Researching cardiovascular Events with a Weekly
INcretin in Diabetes (REWIND) [29•] is a global (24 coun-
tries) trial to evaluate CV safety and efficacy, of once-weekly
dulaglutide. The studied population at baseline were aged ≥
50 years (mean 66 years old) (n = 9900), with mean duration
of T2DM of 10 years, mean A1C 7.3%, of whom only 31%
had established CVD; thus, a high proportion of patients with-
out CVD, and, therefore, an expected fairly long follow-up
period of 7 to 8 years to provide high power to detect a clin-
ically relevant 18% CVevent risk reduction. The study started
in 2011, and follow-up was prespecified as event-driven based
on a 12% accrual primary outcome events, defined as the first
occurrence of the 3-point MACE composite (CV death or
non-fatal MI or non-fatal stroke), for an expected completion
in 2018. In REWIND, once-weekly dulaglutide was added to
other antidiabetic agents, mostly metformin (81%), sulfonyl-
ureas (57%), and insulin (24%). At least at baseline, use of
other drugs with potential CV protective properties was rare;
i.e., alpha glucosidase inhibitors (1.2%), TZDs (1.7%), dopa-
mine agonist (0.5%), and SGLT2 inhibitors (0.1%). While
most of the study participants (69%) are at the primary pre-
vention level, a relatively high proportion of participants are
on background standard-of-care CV preventative pharmacol-
ogy including ACE inhibitors or ARBs (81%), Beta blockade
(46%), statins (66%), and aspirin (51%). Secondary outcomes
include each component of the primary composite cardiovas-
cular outcome, a composite clinical microvascular outcome
comprising retinal or renal disease, hospitalization for unsta-
ble angina, heart failure requiring hospitalization or an urgent
heart failure visit, and all-cause mortality. Thus, REWIND
will add to the growing body of CVOTs evaluating potential
ASCVD risk reduction benefits.

Discussion

Can We Generalize an ASCVD Risk Reduction “Class
Effect” in Type 2 Diabetes Mellitus for GLP-1 Receptor
Antagonists?

CVOTs designed to prove CV safety, among newly developed
antidiabetes drugs, have been event-driven, utilizing study
populations usually in the very highest risk category, i.e., sec-
ondary prevention, to generate sufficient events in a short
duration and perhaps limit expenses. Indeed, recent CVOTs
of patients with T2DM have been enriched with recruited
participants with prior established CVD. Extreme (> 30%
10-year MACE) risk [30] participant estimates from the

Curr Cardiol Rep (2018) 20: 113 Page 7 of 13 113

http://clinicaltrials.gov


GLP-1 RA trials (10-year risk) in the placebo groups were in
LEADER (39%), SEMAGLUTIDE (42%), ELIXA (63%),
EXSCEL (38%), and FREEDOM-CVO (33%). Two of four
CV safety trials with subcutaneous GLP-1 analogues, once-
daily liraglutide (LEADER) at 3.8-year duration and once-
weekly semaglutide (SUSTAIN-6) at 2.1-year duration, have
demonstrated statistically significant improvement in primary
3-point MACE outcomes [22•, 23•]. Two of four RCTs
(EXSCEL and ELIXA) were negative in terms of their
MACE composites [24•, 25•]. This raises the possibility that
as a class, the four GLP-1 RAs evaluated to date may not all be
bioequivalent. The results of large CVOTs with two other
GLP-1 RAs, albiglutide (HARMONY Outcomes) [28•] and
dulaglutide (REWIND) [29•], are pending.

Chemical and Structure Differences Among GLP-1 RAs

Native GLP-1 is a 30-amino acid long peptide hormone de-
rived from post-translational processing of the proglucagon
peptide, produced and secreted by intestinal enteroendocrine
L-cells and certain neurons within the nucleus of the solitary
tract in the brainstem at the time of food consumption. The
initial product GLP-1 (1–37) is susceptible to amidation and
proteolytic cleavage which gives rise to the two truncated and
equipotent biologically active forms, GLP-1 (7–36) amide and
GLP-1 (7–37). Native endogenous GLP-1 is rapidly degraded
primarily by ubiquitous enzymes, dipeptidyl peptidase-4
(DPP4), and neutral endopeptidases (NEP) and renal clear-
ance, resulting in a half-life of approximately 2 min [31].

Liraglutide is very similar in chemical structure to native
GLP-1, with 97% homology to native GLP-1, acylated with
palmitic acid attached to human GLP-1-(7–37), and this lipo-
philic acylated product reversibly binds to albumin that pro-
tects liraglutide from immediate degradation and elimination
and causes GLP-1 to be released from albumin in a slow and
consistent manner. Therefore, unlike endogenous GLP-1,
liraglutide is stable against metabolic degradation by pepti-
dases, with a plasma half-life of 13 h [32].

Semaglutide has a 94% similarity in chemical structure to
native GLP-1; where two amino acid at positions 8 and 34, 2-
aminoisobutyric acid and arginine are substituted. In addition,
lysine at position 26 is in its derivative form (acylated with
stearic diacid). Semaglutide has a high affinity for albumin
binding and is stable against peptidase with a half-life of
1 week [33].

Albiglutide is a GLP-1 receptor agonist, a recombinant
fusion protein comprised of two tandem copies of modified
human GLP-1 genetically fused in tandem to human albumin.
The human GLP-1 fragment sequence 7–36 has been modi-
fied with a glycine substituted for the naturally occurring ala-
nine at position 8 to confer resistance to DPP-IV-mediated
proteolysis. The human albumin moiety of the recombinant
fusion protein, together with the DPP-IV resistance, extends

the half-life allowing once-weekly dosing half-life of
albiglutide is ~ 5 days [34].

Dulaglutide is a synthetic analog of human GLP-1 that
structurally comprises two GLP-1 receptor agonist molecules
covalently linked to one IgG4 heavy chain by a small peptide
linker. It has pharmacological half-life of 5 days, which allows
it to be administered as a weekly subcutaneous injection [35].

Exenatide, the first marketed GLP-1 mimetic, as a 39-
amino acid peptide synthetic version of Extendin-4, a hor-
mone found in the saliva of the Gila monster that has a 53%
amino acid homology to native GLP-1 and it has a longer half-
life in vivo, 2.4 h vs. 2 min, respectively [36].

Lixisenatide is a once-daily GLP-1 RA derivative of
exenatide derived from the first 39 amino acids in the se-
quence of the peptide Exendin-4, with 53% homology to na-
tive GLP-1, omitting proline at position 38 and adding six
lysine residues for total of 44 amino acids; these alterations
result in t½ in plasma of 2–3 h [37].

These chemical and structural differences and half-lives
may be important predictors of biological activities, including
glycemic control, appetite suppression, and weight loss and
potentially beneficial cardiovascular effects, therefore, GLP-1
RA bioequivalence.

EXSCEL Was Statistically Negative but on
the Favorable Side of the Line of Unity

While the between-group difference in the primary outcome
composite was not significant, the numerical benefits of the
once-weekly exenatide extended-release GLP-1 mimetic in
EXSCEL (9% RRR) were in the favorable direction and sim-
ilar relative to once-daily liraglutide in LEADER (13% RRR)
and once-weekly semaglutide in SUSTAIN-6 (26% RRR).
Furthermore, while EXSCEL, with 14,752 patients enrolled,
had the largest study so far, its entire population at baseline
was at a somewhat lower established secondary CV risk
(73%), relative to LEADER (81%) and SUSTAIN 6 (83%).
Therefore, the pharmacological CVeffect of medication could
be less prominent, requiring a greater than 2.4-year median
treatment exposure. A similar effect may explain differences
in CV death benefit observed when empagliflozin in EMPA-
REG (99% at CV risk) [38] and canagliflozin in CANVAS
program (65% at risk) [39] were compared. The median
follow-up time in EXSCEL was somewhat shorter than that
in the LEADER trial (3.2 vs. 3.8 years), as was the duration of
exposure to the trial regimen (2.4 vs. 3.5 years); thus, if once-
weekly exenatide has cardioprotective effect, it could be that
an advantage had not shown itself. On the other hand,
SUSTAIN 6 trial duration was even shorter at 2.1 years.

There are other factors that could affect the magnitude of
effectiveness of once-weekly exenatide. Baseline A1C was
lower in EXSCEL (mean A1C = 8.0) than that in LEADER
(A1C = 8.7) or in SUSTAIN-6 (A1C = 8.7). Exenatide and its

113 Page 8 of 13 Curr Cardiol Rep (2018) 20: 113



derivatives share approximately 50% amino acid sequence
identity with mammalian GLP-1. Antibodies against
exenatide have been detected in 40–60% of patients treated
with the drug. In patients with high antibody titers, the
exenatide-induced reduction in HbA1c level was significantly
smaller than in patients with low titers of antibodies [40].
Rates of discontinuation in EXSCEL were remarkably high
(~ 44%) for a clinical trial. Although the exclusion criteria of
EXSCEL prevented participation of patients that had ever
been treated with an approved or investigational GLP-1 recep-
tor agonist, there was a documented disproportionate placebo
group drop-in of GLP-1 receptor agonists, 782 or 3.6% vs.
549 or 2.5%. Furthermore, other diabetes therapies known to
reduce cardiovascular risk, such as SGLT-2 inhibitors, n = 401
or 9.4% vs. 274 or 6.5%, and may have preferentially resulted
in lower event rates in the placebo group. In-trial placebo
drop-in by mishaps have explained other negative trial results
with statins [41–43], fibrates [44], and per pre-trial design
with niacin [45, 46]; the latter niacin trials designed to test
the HDL-C raising hypothesis, intentionally minimized
between-group LDL-C differences, that negatively affected
conclusions related to niacin benefits.

Glucose-Lowering and Weight Loss Potency Could
Parallel Other More Important
Cardiovascular-Reducing Protective Mechanisms

While short-term RCTs have not indicated that glycemic con-
trol per se effectively reduces CV events, the differences in
glycemic efficacy between different agents in the GLP-1 RA
class could reflect differences in other potential special prop-
erties beyond glucose control (i.e., cardiovascular properties).
In the head-to-head LEAD-6 study [47], liraglutide reduced
mean A1C by − 1.12% and weight (0.9 kg) compared to
exenatide twice daily where mean A1C was reduced by −
0.79%. In DURATION-5 [48], once-weekly exenatide
2.0 mg resulted in greater improvements in glycemic control
compared with exenatide twice daily (− 1.6 vs. − 0.9%,
p < 0.0001), fasting BG (− 35 vs. − 12 mg/dL, p = 0.0008),
and weight (− 2.3 vs. − 1.4 kg) in patients with T2DM.
Thus, exenatide with a half-life of 2.4 h, although given twice
daily, was inferior to once-weekly exenatide in blood glucose
control potency.

The ELIXA trial not only utilized ACS patients but also
included admissions for unstable angina and as such the pla-
cebo events were greatest; the estimated 10-year risk of 4-
point MACE events was 63% relative to more stable CVD
and primary endpoint limited to 3-point MACE in LEADER,
SUSTAIN-6, and EXSCEL. Unfortunately, in ELIXA,
lixisenatide, with a similar half-life of 2–3 h compared to
exenatide 2.4 h, was only administered once-daily. Thus,
lixisenatide may have failed simply related to a major design
error, i.e., inadequate dosing, and weaker CV protective

properties paralleling its inability to sustain a lower A1C
throughout a 24-h period. But, even twice daily administration
might have been of inadequate potency compared to
liraglutide, as in LEAD-6 [47] and DURATION-5 [48] de-
scribed above. In the DURATION-6 study, liraglutide reduced
A1C by − 1.48% and once-weekly exenatide reduced A1C by
− 1.28% [49]. The results of ELIXA appear related not due to
a failed drug but rather a failed trial design.

In the head-to-head Efficacy and Safety of Semaglutide
Once-weekly vs. Exenatide ER 2.0 mg Once-weekly as add-
on to 1–2 Oral Antidiabetic Drugs (OADs) in Subjects with
Type 2 Diabetes (SUSTAIN 3) [50], semaglutide reduced A1c
by 1.5%, while once-weekly exenatide reduced A1c by 0.9%.
Thus, relative to the longer half-lives (12 h +) of once-daily
liraglutide and (1 week) of once-weekly semaglutide, the rel-
atively shorter-acting GLP-1 RA mimetics, exenatide and
lixisenatide, with half-lives of 2–5 h, may have less potent
24-h effects.

In the head-to-head AWARD-6 [51], there was no signifi-
cant difference in A1C lowering between once-daily
liraglutide (− 1.36%) and once-weekly dulaglutide (− 1.42%)
[between-group difference − 0.06% (95% CI − 0.19 to 0.07),
with body weight changes somewhat greater for liraglutide (−
3.61 kg) compared to dulaglutide (− 2.90 kg, p = 0.011). The
effect of albiglutide on reduction of A1C and body weight is
less than once-daily liraglutide at low and high doses,
exenatide once-weekly, and dulaglutide [52]. Animal studies
suggested less potent anorectic effects compared to exenatide
or liraglutide, possibly due to steric hindrance from the en-
larged (albumin) molecule and impaired permeability of the
blood-brain barrier [53], that may also explain the weight
differences observed in AWARD-6. In SUSTAIN 7, at
40 weeks of exposure, at low and high doses, semaglutide
was superior to dulaglutide in improving glycemic control
(at low doses, A1C, − 1.5 vs. − 1.1%; at high doses, A1C, −
1.8 vs. − 1.4%, respectively) and reducing bodyweight (at low
doses, body weight − 4.6 vs. − 2.3 kg; at high doses − 6.5 vs.
− 3.0 kg, respectively) [54]. The Swedish Institute for Health
Economics cohort model for T2D was used to compare
liraglutide and lixisenatide (both added to basal insulin), with
a societal perspective and with comparative treatment effects
derived by indirect treatment comparison (ITC). From the
ITC, decreases in HbA1c were − 1.32 and − 0.43% with
liraglutide and lixisenatide, respectively; decreases in BMI
were − 1.29 and − 0.65 kg/m2, respectively [55].

The results of other GLP-1 RA cardiovascular safety trials
(albiglutide: HARMONYOUTCOMES (NCT02465515) and
dulaglutide: REWIND (NCT01394952)), expected to be re-
ported in 2018, should add additional light as to safety and CV
efficacy of GLP-1 RA.

One meta-analysis of all four published CVOT trials dem-
onstrated significant 10% RRR in 3-point MACE, 13% RRR
in CV mortality, 12% RRR in all-cause mortality, but only a
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non-significant 6% RRR trend for fatal and non-fatal MI and
13% RRR in fatal and non-fatal stroke [56]. The inability to
significantly reduce the components of the composite end-
points (fatal and non-fatal MI and fatal and non-fatal stroke)
may have been due to the short duration of the trials or rela-
tively small numbers of trial participants. Importantly, there
were no significant differences seen between GLP-1 RA-treat-
ed and placebo-treated patients for the incidence of severe
hypoglycemia, pancreatitis, pancreatic cancer, or medullary
thyroid cancer. Another meta-analysis [57] showed a signifi-
cant 11% reduction in all-cause mortality (RR = 0.89; 95%
CI = 0.82 to 0.96) and 12% reduction in cardiovascular mor-
tality (RR = 0.88; 95% CI = 0.80 to 0.97) favoring GLP-1R
agonists over placebo. There were no significant differences in
MACE, non-fatal MI, non-fatal stroke, hospitalization for
heart failure, and coronary revascularization between GLP-1
RA and placebo. However, in subgroup analysis of only the
long-acting GLP-1 RAs, i.e., liraglutide, semaglutide, and
exenatide ER, there was a significant 12% RR for the 3-
point MACE and a 13% RRR for non-fatal stroke.

Conclusion

A variety of factors could hinder realization of a beneficial
GLP-1 RA-induced cardiovascular risk reduction “class ef-
fect.” Current GLP-1 RAs possess different chemical struc-
tures that potentially affect multiple properties including ab-
sorption, ability to pass the blood-brain barrier and suppress
appetite, gastric emptying, injection site reactions, antibody
formation, efficacy, interactions with GLP-1 receptors, peak
effects, toxic side effects (i.e., nausea) and tolerance, half-life,
pharmacokinetics, A1C potency, weight loss potency, and
their degradation or clearance.

Given that lixisenatide has a relatively half-life (2–3 h),
similar to exenatide (2.4 h) that is therapeutically administered
twice daily, a new lixisenatide CVOT design, in which
lixisenatide is administered either two to three times daily or
continuously, is needed to fairly assess its potential for CV
protection.

A new once-weekly exenatide CVOT to assess potential
CV protection properties is neededwith more careful attention
to placebo drop-in drugs with demonstrated CV protection;
equipoise of in-trial drop-in to the investigational product
group and placebo group in all new CVOTS would reduce
confounding results. In-trial mishaps particularly investiga-
tional drug-group drop-outs or placebo group drop-ins can
sabotage an otherwise well-designed trial that narrows the
between-group differences.

If most participants in one trial are at the secondary preven-
tion risk level and in a second trial are at the primary preven-
tion risk level, the same GLP-1 RA could yield conflicting
results if limited to a short-term duration RCT given different

study populations. Assuring secondary prevention in near
100% of participants for short-duration trials is also critical
for appropriate comparisons.

If event-driven, demonstrating benefit may require a
longer-duration RCT, when its participants’ global risks are
well-treated and exquisitely controlled with background
standard-of-care LDL-lowering, BP-lowering, and anti-
platelet pharmacologic agents.

Standardizing the primary outcome among all trials; i.e., all
3-pointMACE or all 4-point MACE, avoids comparative con-
fusion. Lengthening trial duration may permit better evalua-
tions and conclusions of the ischemic components of chosen
primary outcome composites.

To date, marketed GLP-1 RAs are subcutaneous injections,
either twice daily, once-daily, or once weekly. Oral adminis-
tered semaglutide is under investigation. All GLP-1 RAs are
indicated as an adjunct to diet and exercise to improve glyce-
mic control in adults with T2DM, i.e., reduce fasting and post
prandial blood glucose and A1c, with evidence for differences
in potencies.

While not indicated for weight loss at the therapeutic doses
utilized for glycemic control, all are associated with weight
loss, to varying degrees. Once-daily liraglutide, under a dif-
ferent proprietary name, and at a higher dose (3 mg), is indi-
cated for weight loss and once-weekly semaglutide, at a
higher dose (2.4 mg), is currently being investigated for a
weight loss indication (NCT03611582). If the potency of
weight loss parallels the potency of reduction in multifactorial
causal risk factors’ contributing to CVD risk reduction, testing
these two “higher-dosed” GLP-1 RAs in CVoutcome studies
may be of significance.

That only two of four analogs have demonstrated CV ben-
efit may possibly be due to differences in drug structure (mi-
metic vs. analog), half-lives, differences in trial design or du-
ration, or combinations. Relative to the GLP-1 RA analogs,
albiglutide and duraglutide and the GLP-1 mimetics (exendin
derivatives), both liraglutide and semaglutide, possess the
closest resemblance structurally to native GLP-1 RA and both
have demonstrated statistically significant reductions in the
primary composite (3-point MACE) outcomes (CV death,
NF-MI, and NF-stroke). Although, in general, statistically sig-
nificant reductions were not demonstrated in all the ischemic
components of the composites, favorable trends were noted
that may have become significant simply with a larger popu-
lations or longer-duration trials. These CV safety “approval”
trials, therefore, may simply have been too short to demon-
strate beneficial superiority effect; underestimating the time
required to realize between-group separation.

Anticipation of the results of HARMONY Outcomes and
REWIND with albiglutide and dulaglutide are of interest.
These two GLP-1 analogs possess structural differences from
liraglutide or semaglutide, imposing considerable macromo-
lecular steric hindrance that could inhibit blood-brain barrier
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passage and have reduced effects on incretin resistance at the
level of the neurons within the nucleus of the solitary tract in
the brainstem at the time of food consumption, ultimately
affecting food consumption, A1C levels, and weight loss.

In summary, the favorable CV results with liraglutide
(1.8 mg) and semaglutide (1 mg) may be related to their du-
ration of action and relative superiority in potency of A1c and
weight reductions, although not directly causal in terms of the
observed CV risk reduction but rather as markers that parallel
other favorable GLP-1 RA mechanisms of actions on CVD.

While the GLP-RA CVOTs, to date, have demonstrated
CV safety, bioequivalence for significant CV superiority has
been limited to two of the four major CVOTs. There is evi-
dence to suggest one trial was poorly designed, with a once
daily short-acting GLP-1 mimetic inadequate for 24-h dura-
tion and a second trial utilizing an extended release GLP-1
mimetic was plagued by in-trial mishaps. Before bioequiva-
lence issues can be fully discussed, we are obliged to wait for
the pending results of CVOTs of GLP-1 RAs, albiglutide and
dulaglutide, where steric hindrance may potentially inhibit full
mimicry of pharmacologic GLP-1 and may shed additional
light. Therefore, it is too early to make the CVD risk reduction
benefit “class effect” claim.
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