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1 | INTRODUCTION

The cardiovascular safety of liraglutide, a glucagon-like peptide-1 receptor agonist approved for
weight management at a dose of 3.0 mg, was evaluated post hoc using data from 5908 partici-
pants in 5 randomized, double-blind, placebo-controlled clinical trials. Participants were random-
ized to liraglutide or a comparator group (placebo or orlistat). The objective was to evaluate
whether cardiovascular risk was increased with liraglutide treatment. The primary composite
outcome of this time-to-event analysis was the first occurrence of cardiovascular death, nonfatal
myocardial infarction or nonfatal stroke. These cardiovascular events were adjudicated prospec-
tively for three of the trials and retrospectively for two trials by an event adjudication commit-
tee. The primary outcome was analyzed using a Cox proportional hazards model, stratified by
trial. With liraglutide 3.0 mg, 8 participants had positively adjudicated cardiovascular events
(1.54 events/1000 person-years) compared to 10 participants in the comparators group (3.65
events/1000 person-years). The hazard ratio for liraglutide 3.0 mg compared to comparators
was 0.42 (95% confidence interval, 0.17-1.08). In this analysis, liraglutide 3.0 mg treatment was
not associated with excess cardiovascular risk. However, the wide confidence intervals and ret-

rospective adjudication of events in two of the trials are limitations of the analysis.
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cardiovascular biomarkers and glucose homeostasis), its association

with improved cardiovascular outcomes is less clear.?®

Obesity is a chronic disease, and a risk factor for the development of
type 2 diabetes mellitus (T2DM) and cardiovascular disease; obesity
is also associated with an increased risk of cardiovascular mortality.t
While weight loss can lead to improvements in cardiovascular risk

factors (waist circumference, blood pressure, lipid profile,
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Several anti-obesity medications have been linked to increased
blood pressure, heart rate and cardiovascular risk, leading to marketing
authorization withdrawal.# Regulatory authorities now require all new
obesity and T2DM medications to demonstrate no excess cardiovas-
cular health risks.>™® Cardiovascular-outcomes trials with lorcaserin
and phentermine/topiramate for weight management are planned.

Liraglutide, a glucagon-like peptide-1 receptor agonist (GLP-1
RA), is approved for the treatment of T2DM at doses up to 1.8 mg,
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and has been shown to reduce the risk of cardiovascular complica-
tions.” Liraglutide 3.0 mg, as an adjunct to a reduced-calorie diet and
increased physical activity, is approved in several regions worldwide
for weight management. Treatment with liraglutide 3.0 mg during the
phase 3a development programme called SCALE (Satiety and Clinical
Adiposity - Liraglutide Evidence in individuals with and without dia-
betes) has been associated with significantly greater and sustained
weight loss compared to placebo and with improvements in a variety
of cardiometabolic risk factors.2®'* The cardiovascular outcomes
from the SCALE clinical trials have not been reported. Therefore, the
primary objective of this report was to evaluate whether liraglutide
3.0 mg treatment was associated with excess cardiovascular risk. The
composite outcome was the time to first occurrence of cardiovascular

death, nonfatal myocardial infarction or nonfatal stroke.

2 | METHODS

2.1 | Trials and participants included in the analysis

The weight management clinical development programme for liraglu-
tide included a 2-year phase 2 dose-finding trial and 4 randomized,
double-blind, placebo-controlled phase 3a SCALE trials.'°"** This
post hoc analysis was of pooled data from these 5 trials (of up to
3 years' duration) and it evaluated cardiovascular risk associated with
liraglutide at doses up to 3.0 mg.

Eligible individuals had a body mass index (BMI) 227 kg/m? with at
least 1 weight-related comorbidity, or a BMI 230 kg/m? Those with
uncontrolled hypertension (systolic blood pressure 2160 mm Hg and/or
diastolic blood pressure 2 100 mm Hg) were excluded. Participants
received once-daily subcutaneous treatment with liraglutide or placebo,
starting at a dose of 0.6 mg with weekly 0.6-mg increments to the main-
tenance dose of 3.0 mg. Additional liraglutide doses were included in the
SCALE Diabetes trial (1.8 mg) and the phase 2 trial (1.2, 1.8 and 2.4 mg);
the latter also included orlistat as an active comparator. Diet and exercise
advice, given at approximately monthly intervals, was similar for all trials.
Table S1 provides details of the trials and their primary outcomes; full

methodology details have been reported previously.*°14

2.2 | Cardiovascular event adjudication

Cardiovascular events were adjudicated prospectively by a blinded
event adjudication committee for 3 of the SCALE trials (Table S1).
For the phase 2 trial and the SCALE Maintenance trial, events were
identified by searching the trial database for specific Medical Dictio-
nary for Regulatory Activities (MedDRA) terms and serious adverse
events recorded by trial investigators, as described in Appendix S1.
Events found in each search were then adjudicated retrospectively
and independently by blinded medical experts.

2.3 | Statistical analysis

The primary analysis compared the incidence of cardiovascular events
for the approved weight management dose of liraglutide 3.0 mg com-
pared to a pooled comparator group (placebo or orlistat) in the weight

management trials. Additional supportive analyses included all liraglutide

doses from the trials compared to all comparators, liraglutide 3.0 mg
compared to placebo, and analyses excluding participants with T2DM,
that is, those from the SCALE Diabetes trial. For both the primary and
supportive analyses, the time from first treatment dose to occurrence
of the first event was analysed using a Cox proportional hazards model
stratified by trial, with treatment as the explanatory variable. All ana-
lyses included events observed between the date of first treatment
administration and the last date of treatment plus 30 days. Participants
who discontinued prematurely were censored at the date of last treat-
ment plus 30 days. Analyses were performed using SAS version 9.4
(SAS Institute, Cary, North Carolina).

3 | RESULTS

Data from 5908 participants in the weight management trials were
included in this analysis: liraglutide 3.0 mg, n = 3384; all liraglutide
doses, n = 3872; comparators, n = 2036 (1941 receiving placebo,
95 receiving orlistat). Baseline characteristics of the pooled popula-
tion are shown in Table S2. Mean and categorical weight loss
achieved in each of the trials is shown in Table S3.

The incidence of cardiovascular events in each trial and analysis
is shown in Table 1. Figure 1A shows the Kaplan-Meier curve of time
to first occurrence of an event for the primary analysis. The primary
composite analysis plus analyses of each of the 3 individual compo-
nents are depicted in Figure 1B. With liraglutide 3.0 mg, 8 participants
underwent positively adjudicated events (1.54 events/1000 person-
years) compared to 10 participants in the comparator group (3.65
events/1000 person-years). The hazard ratio for the primary analysis
was 0.42 (95% confidence interval (Cl), 0.17-1.08). Across analyses,
hazard ratios ranged from 0.31 to 0.94, favouring liraglutide, with
upper limits of the 95% Cl ranging from 1.08 to 4.67 (Table 1). For all
liraglutide doses vs comparators, the hazard ratio was 0.50 (95% Cl,
0.21-1.18). In the SCALE Obesity and Prediabetes trial, which repre-
sented approximately 80% of total person-years, the hazard ratio was
0.70 (95% Cl, 0.20-2.50). All participants with positively adjudicated
cardiovascular events are shown in Table S4.

Mean pooled changes in blood pressure and pulse are shown in
Table S5 for trials of up to 1-year duration. Liraglutide 3.0 mg was asso-
ciated with significantly reduced mean systolic and diastolic blood pres-
sure compared to placebo in each of the trials, with estimated
treatment differences of -2.9 (95% ClI, -3.5 to -2.3) and -0.8 (-1.3 to
-0.4), respectively. Mean resting pulse increased significantly after
treatment initiation with liraglutide (estimated treatment difference, 2.5
[95% Cl, 2.0-3.0]), but returned to baseline values upon treatment dis-
continuation. The estimated treatment difference between liraglutide
3.0 mg and placebo in mean pulse at end-of-treatment was 2.5 beats/

min (Table S5), with consistent effects seen across the individual trials.

4 | DISCUSSION

In this analysis of participants with obesity, or overweight with
comorbidities, liraglutide 3.0 mg was associated with a mean increase

in pulse and decreased systolic blood pressure. The primary aim of



TABLE1 Cardiovascular events in the weight management trials, and pooled
Liraglutide 3.0 mg Comparator
Incidence rate Incidence rate
Person- Events/1000 Person- Events/1000 P

Population Number years person-years Number years person-years HR (95% ClI) value

All trials pooled (N = 5908)

Liraglutide 3.0 mg vs all 8 5194 1.54 10 2742 3.65 0.42(0.17-1.08) .07
comparators®

Liraglutide 3.0 mg vs 8 5194 1.54 10 2612 3.83 0.42 (0.17-1.08) .07
placebo

All liraglutide doses vs all 11 5786 1.90 10 2742 3.65 0.50 (0.21-1.18) .11
comparators®

Participants without T2DM (N = 5064)

Liraglutide 3.0 mg vs all 6 4781 1.25 7 2546 2.75 0.48 (0.16-1.44) .19
comparators

Liraglutide 3.0 mg vs 6 4781 1.25 7 2416 2.90 0.48 (0.16-1.44) .19
placebo

All liraglutide doses vs all 6 5168 1.16 7 2546 2.75 0.48 (0.16-1.44) .19
comparators

SCALE trials

Obesity and Prediabetes 160-week trial (N = 3723)°

Liraglutide 3.0 mg vs 6 4325 1.39 4 2023 1.98 0.70 (0.20-2.50) .59
placebo

Diabetes 56-week trial (N = 844); participants
with T2DM

Liraglutide 3.0 mg vs 2 413 4.84 3 196 15.3 0.31 (0.05-1.88) .20
placebo

Liraglutide 1.8 mg vs 3 206 14.6 3 196 15.3 0.94 (0.19-4.67) .94
placebo

All liraglutide doses vs 5 619 8.08 3 196 15.3 0.53(0.13-2.21) .38
placebo

Maintenance 56-week trial (N = 422)

Liraglutide 3.0 mg vs 0 212 0 1 202 496 - -
placebo

Sleep apnea 32-week trial (N = 355)

Liraglutide 3.0 mg vs 0 104 0 2 110 18.2 - -
placebo

Phase 2 dose-finding 2-year trial (N = 564)¢

Liraglutide 3.0 mg vs all 0 140 0 0 211 0 - -
comparators

Liraglutide 3.0 mg vs 0 140 0 0 81 0 - -
placebo

All liraglutide doses vs all 0 526 0 0 211 0 - -
comparators

Abbreviations: Cl, confidence interval; HR, hazard ratio; N, total number of participants in each analysis; T2DM, type 2 diabetes mellitus. The number of
participants with adjudicated cardiovascular events and the incidence rate are shown by treatment group. Person-years were counted until the time of
first event or censoring. Cardiovascular events were defined as cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke. Exposure time
included 30 days after the last treatment date or last visit, as applicable. The endpoint in all analyses was time to first event; 2 participants had an addi-

tional event each, see Table S4.

2 Primary analysis.

b All comparators group included treatment with placebo (n = 1941) and orlistat (n = 95). No events were reported in the orlistat treatment group, from

the phase 2 trial.

¢ Excluding participants in the liraglutide group who were re-randomized to placebo in the re-randomized period of the 56-week trial.

9 For participants randomized to placebo, data are included only up to 1 year, after which participants switched to treatment with liraglutide.

the SCALE programme was to assess the overall efficacy and safety
of liraglutide for weight management; this was a post hoc analysis of
cardiovascular safety. While the overall number of cardiovascular
events was low, liraglutide 3.0 mg was not associated with an
increased rate of cardiovascular events as compared with a pooled

comparators group.

Trials with sibutramine and the combination of bupropion and
naltrexone are the only cardiovascular-outcomes trials for anti-
obesity medications that have been completed to date.>*> No excess
cardiovascular risk was observed with bupropion and naltrexone as
compared to placebo; however, because of the premature release of

interim study results, the cardiovascular safety of this anti-obesity
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FIGURE 1 Cardiovascular events in the pooled weight management trials. Time to first event is shown for liraglutide 3.0 mg vs all comparators
(A\). Primary composite analysis and analyses of the 3 individual components (B). One participant included in the analysis had an additional
cardiovascular event (Table S4); however, the composite analysis includes only the first event for each participant

medication remains unproven.r®> In the Sibutramine Cardiovascular
OUTcomes (SCOUT) trial, while more events of nonfatal myocardial
infarction occurred in a high-risk population in the sibutramine group
compared with the placebo group, greater weight loss was associated
with reduced cardiovascular mortality in both treatment groups.2
Sibutramine has since been withdrawn from the market because of
concerns about heart attack in those with pre-existing cardiovascular
disease.

The LEADER trial (Liraglutide Effect and Action in Diabetes: Evalua-
tion of Cardiovascular Outcome Results) was a prospective randomized
clinical trial designed to evaluate the cardiovascular safety of liraglutide
at doses up to 1.8 mg in 9340 participants with T2DM.? During a median
follow-up period of 3.8 years, the rate of death from cardiovascular
causes, nonfatal myocardial infarction or nonfatal stroke (primary com-
posite outcome) was significantly lower with liraglutide than with pla-
cebo, with a hazard ratio of 0.87 (95% Cl, 0.78-0.97); P < .001. Results
from another GLP-1 RA trial, the SUSTAIN-6 trial (Semaglutide Unabated

Sustainability in Treatment of Type 2 Diabetes), indicated that therapy
with once-weekly semaglutide (0.5 or 1.0 mg) for 2 years was also asso-
ciated with a significant reduction in cardiovascular events, with a hazard
ratio of 0.74 (95% Cl, 0.58-0.95).1¢ Liraglutide 3.0 mg, compared to pla-
cebo, has demonstrated positive effects on body weight and a reduced
risk of T2DM among individuals with prediabetes while on treatment, as
well as a mean decrease in blood pressure.!* Results from the present
pooled analysis of the SCALE trials suggest no increased risk and a possi-
ble benefit of liraglutide 3.0 mg on cardiovascular safety in an over-
weight and obese population. The population of the SCALE trials was
younger on average, with a higher mean BMI, and was at lower risk of
cardiovascular disease compared to the LEADER trial. Moreover, individ-
uals with uncontrolled hypertension were excluded. Whether there is a
dose/response relationship for the beneficial effect of liraglutide on car-
diovascular risk is currently unknown, but weight loss with liraglutide
3.0 mg was significantly greater than with the 1.8 mg dose,*? and was
greater with higher doses compared with lower doses of semaglutide.®
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The underlying mechanism of the increase in resting pulse with lira-
glutide remains to be determined. Preliminary data indicate the presence
of GLP-1 receptors on the sino-atrial node in nonhuman primates and
humans, suggesting a direct chronotropic effect of liraglutide.'”

Limitations of this analysis include the wide confidence intervals and
the retrospective adjudication of events in 2 of the trials. Moreover,
there was no consistent follow-up for participants who discontinued pre-
maturely (approximately 50% of randomized participants after 3 years)
and were censored in the analysis; associations between the risks of cen-
soring and cardiovascular events cannot be ruled out. Strengths of this
analysis include the large number of participants and the fact that events
were prospectively adjudicated in most of the trials.

In summary, liraglutide 3.0 mg treatment was not associated with
excess cardiovascular risk in this analysis of data from the phase
2 and 3a SCALE clinical trials.
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