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ABSTRACT

Background: Several glucagon-like peptide-1 (GLP-1) receptor agonists have been tested in
clinical trials in patients with type 2 diabetes with different patient populations, cardiovascular
outcomes and duration of follow-up. We planned a systematic review and meta-analysis of these
trials, examining cardiovascular death, atherothrombotic cardiovascular events, heart failure, and
death from any cause, as well as renal and key safety outcomes.

Methods: PubMed, Medline and the Cochrane central register of controlled trials were searched for
eligible trials reporting major adverse cardiovascular events (MACE) i.e. cardiovascular death,
stroke or myocardial infarction up to June 15, 2019. A meta-analysis was performed using a
random-effects model to estimate overall hazard ratios (HR) for MACE, its components , death
from any cause, hospital admission for heart failure, renal outcomes and key safety outcomes
(severe hypoglycaemia, pancreatitis and pancreatic cancer). We also examined MACE in several
patient subgroups based on patient population , glycated haemoglobin, trial duration, treatment
dosing interval and structural homology.

Findings: Of 27 publications screened, 7 trials using GLP-1 receptor agonists, with a total of
56,006 patients, fulfilled the prespecified criteria and were included. Overall, GLP-1 receptor
agonist treatment reduced MACE by 12% (HR 0.88; 95% CI 0.82, 0.94, p<0.001). There was no

statistically significant heterogeneity across the subgroups examined.

GLP-1 receptor agonist treatment reduced all-cause mortality by 12% (0.88; 0.83, 0.95, p=0.001),
hospital admission for heart failure by 9% (0.91; 0.83, 0.99, p=0.028) and a broad renal composite
by 17% (0.83; 0.78, 0.89, p<0.001). There was no increase in risk of severe hypoglycaemia,

pancreatitis or pancreatic cancer.
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Interpretation: GLP-1 receptor agonists reduced 3-component MACE, its individual components,
all-cause mortality, risk of hospitalization for heart failure and worsening renal function (due
mainly to reduction in urinary albumin excretion) in patients with type 2 diabetes. There was no
increase in risk of severe hypoglycaemia or pancreatic adverse effects.

Funding: DP is supported by a University of Oxford BHF Centre of Research Excellence Senior
Transition Fellowship (RE/13/1/30181). JJVMcM is supported by BHF Centre of Research
Excellence award number RE/18/6/34217.

Keywords: diabetes, GLP-1 receptor agonists, MACE, heart failure
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RESEARCH IN CONTEXT

Evidence before this study

Glucagon-like peptide-1 (GLP-1) receptor agonists effectively decrease glycated haemoglobin (HbA1c) in
patients with type 2 diabetes mellitus. A variety of agents of this class with differing structures and durations
of action have been studied in randomised placebo-controlled trials of varying size and with different patient
populations and effects on cardiovascular outcomes. In light of these differences, we conducted a meta-
analysis of all large placebo-controlled GLP-1 receptor agonist trials to obtain robust estimates on the effect

of this class of agent on a range of cardiovascular and renal endpoints, and patient subgroups.

Medline (via PubMed) and the Cochrane Controlled Register of Trials (up to 15 June 2019) were searched
for trials comparing a GLP-1 receptor agonist to placebo in >500 patients and reporting a primary outcome
including cardiovascular death, non-fatal myocardial infarction and non-fatal stroke using the search terms

2 ¢ 9% ¢ 9 C¢

“glucagon-like peptide-1 receptor agonists”, “cardiovascular mortality”, “myocardial infarction”, “stroke”
and “heart failure”, “exenatide”, “liraglutide”, “semaglutide”, “albiglutide”, “dulaglutide”, “placebo”, and
“randomized clinical trial”. 7 trials were identified; ELIXA (lixisenatide), LEADER (liraglutide), SUSTAIN-
6 (semaglutide), EXSCEL (extended release exenatide), Harmony Outcomes (albiglutide), REWIND

(dulaglutide) and PIONEER 6 (oral semaglutide).

Added value of this study

GLP-1 receptor agonists reduce all-cause mortality, the composite of cardiovascular death, myocardial
infarction and stroke (MACE), each of the components of this outcome, hospital admission for heart failure
and a composite renal outcome of worsening of estimated glomerular filtration rate (eGFR), end stage renal
disease, death attributable to renal causes, or new onset macroalbuminuria (data not available in Harmony
Outcomes and PIONEER 6 for the latter two outcomes). The benefit on MACE was consistent across all but

one subgroup (with a suggestion of less effect of exendin 4 based compounds). The incidence of severe



10

11

12

13

14

hypoglycaemia, pancreatitis and pancreatic cancer did not differ between GLP-1 receptor agonist treatment
and placebo. The present meta-analysis is the largest pooled study of the effect of GLP-1 RA on
cardiovascular and renal outcomes in patients with type 2 diabetes mellitus. Furthermore, compared to
previous meta-analyses, it includes a greater number of patients without established cardiovascular disease, a
new agent within this class of glucose lowering agents (dulaglutide) and an oral formation of an agent

previously only available as a subcutaneous injection (semaglutide).

Implications of all the available evidence

The cardioprotective effects of GLP-1 receptor agonists in patients with established cardiovascular disease
and the reduction in risk of heart failure and worsening renal function represent an important treatment

opportunity to reduce morbidity and mortality in patients with type 2 diabetes mellitus.



10

11

12

13

14

15

16

17

18

INTRODUCTION

Prevention of non-fatal and fatal cardiovascular events is a key goal of the management of patients
with type 2 diabetes mellitus.*? In addition to blood pressure and cholesterol-lowering therapies,
two of the newer classes of anti-hyperglycaemic agents also reduce cardiovascular risk. One of
these, the glucagon-like peptide-1 (GLP-1) receptor agonists, decrease glycated haemoglobin
(HbAZ1c) by stimulating glucose-dependent insulin secretion and by reducing glucagon secretion,
gastric emptying and appetite.®** GLP-1 receptor agonists also lead to modest improvements in
lipids, reductions in blood pressure and weight, and carry a low risk of hypoglycaemia. Agents in
this class, however, differ in structure and duration of action and have been studied in trials of
varying size and with different patient populations and in individual trials the effects on
cardiovascular outcomes have not been consistent.”™ In view of this we conducted a meta-analysis
of all the large placebo-controlled GLP-1 receptor agonist trials, to obtain robust estimates of the
effect of this class of agents on different cardiovascular endpoints and patient subgroups. We have
also examined renal outcomes and key safety endpoints. Such a systematic review is helpful in
supporting guideline recommendations on use of glucose lowering therapies to reduce

macrovascular and renal outcomes in adults with type 2 diabetes.’?
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METHODS

Search strategy and study selection: We identified published randomised placebo-controlled trials
(RCTs) testing GLP-1 receptor agonists in patients with type 2 diabetes (Appendix Table 1). Both
injectable and oral agents were included. We further restricted the search to trials with a primary
outcome including cardiovascular death, non-fatal myocardial infarction and non-fatal stroke.
Medline (via PubMed), and the Cochrane Controlled Register of Trials (Up to 15 June 2019) was
searched with the search terms including “glucagon-like peptide-1 receptor agonists”,

P13 99 ¢¢ 99 ¢

“cardiovascular mortality”, “myocardial infarction”, “stroke” and “heart failure”, “exenatide”,
“liraglutide”, “semaglutide”, “albiglutide”, “dulaglutide”, “placebo”, and “randomized clinical
trial”. We restricted our search to trials including >500 patients. Included trials were assessed for
bias using the Cochrane Risk of Bias Tool (Appendix Table 2). A Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) flow chart detailing the selection process is

presented in Figure 1.

Data extraction: Data were extracted by SLK and RR, with conflicts over study inclusion resolved

by consensus.

Selection of outcomes: Cardiovascular outcomes of interest were major adverse cardiovascular
events (MACE), a composite outcome comprised of cardiovascular death, myocardial infarction
and stroke, each of the components of this outcome, hospital admission for heart failure and death
from any cause. Renal and safety outcomes were also examined. Two renal outcomes were
examined, as reported previously: a narrower composite consisting of worsening of estimated
glomerular filtration rate (eGFR), and a broader one which included end-stage kidney disease, death
due to kidney disease and new onset macroalbuminuria (Appendix Table 3). The four key safety

outcomes of interest were severe hypoglycaemia, retinopathy, pancreatitis and pancreatic cancer
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(Appendix Table 4). We also examined thyroid cancer (Appendix Table 5). In all 7 trials, local
investigators were encouraged to manage participants in accordance with local guidelines (and
could use most non-study glucose lowering treatments as desired). In 6 of the 7 trials, the mean
between-treatment group difference in HbAlc was in the range 0.3% and 0.7%. We compared
treatment effect in the following subgroups: primary versus secondary prevention, higher versus
lower baseline HbAlc concentration (see footnote to Figure 3 for details), longer versus shorter
duration of follow-up, drug-dosing daily versus weekly, human GLP-1 homology, body mass index
<30 versus =30, age <65 years versus >65 years, baseline eGFR <60 vs >60 mL/min/m% All
outcomes were adjudicated with the exception of severe hypoglycaemia, and event definitions for

each trial are listed in the Appendix (Tables 1,3,4).

Data analysis: Summary statistics from the individual trials included were used, as individual level
data were not available. HRs and 95% Cls from the trial papers, supplementary appendix or
secondary publications were used. Estimates from each study were combined by use of inverse
variance-weighted averages of logarithmic hazard ratios (HR) in random-effects analysis. Inter-
study heterogeneity was assessed using the I*index and Cochran’s Q test. I index values lower than
25% indicated low, 26-50% moderate and more than 50% high degree of heterogeneity, and
Cochran’s Q statistic p<0.05 were considered indicators for significant heterogeneity. Number
needed to treat (NNT) was calculated using the method of Altman and Andersen, and median
duration of follow-up was estimated by a weighted average.'®. The fragility index, the minimum
number of events needing to change from a non-event to an event in order to render a significant
result non-significant, was calculated for 3-component MACE outcomes using the method

described by Walsh et al. (Appendix Table 6).*" Interactions between treatment and subgroups were
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examined using a test for heterogeneity, using p<0.1 as significant. All analyses were performed

separately using Stata version 14 (Stata Corp. College Station, Texas, USA).

Role of the funding source: The study was planned and conducted by members of the Metabolic
and Diabetes Research Group and Heart Failure research Group at the University of Glasgow
(KFD, PSJ, MCP, NS and JJVMcM), the Department of Cardiology, Rigshospitalet University
Hospital, Copenhagen (SLK, RR, LK) and the Nuffield Department of Public Health at the

University of Oxford (DP) using institutional funds. No external funder was involved in the study.

10
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RESULTS

Of 27 articles screened for eligibility, 7 trials with 56,006 patients were included in the meta-
analysis (Figure 1). In order of reporting, these were: The Evaluation of Lixisenatide in Acute
Coronary Syndrome (ELIXA), the Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcomes Results (LEADER), the preapproval Trial to Evaluate Cardiovascular and
Other Long-term outcomes with Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6), the
Exenatide Study of Cardiovascular Event Lowering (EXSCEL), Albiglutide and cardiovascular
outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes),
Researching Cardiovascular Events With a Weekly Incretin in Diabetes (REWIND), and a trial
investigating the Cardiovascular Safety of Oral Semaglutide in Subjects with Type 2 Diabetes
(PIONEER 6).5** All included trials were assessed for bias using the Cochrane risk of bias tool.
The trials were assessed as high quality with a low risk of bias (Appendix, Table 2). The key trial

and patient characteristics at baseline are presented in Tables 1 and Appendix Table 1.

All trials were of substantial size (>3000 patients). ELIXA enrolled patients with a recent acute
cardiovascular syndrome whereas all other trials included patients with stable cardiovascular
disease, cardiovascular risk factors or both. All trials, except ELIXA, had MACE as the primary
endpoint; in ELIXA an expanded composite including hospitalization for unstable angina was used.
Lixisenatide (EL1XA), liraglutide (LEADER), and oral semaglutide (PIONEER 6) were each
administered daily, whereas the remaining GLP-1 receptor agonists were administered once weekly.
PIONEER 6 differed from the remaining trials in that semaglutide was taken orally, compared with

subcutaneous administration of the treatments used in the remaining studies.

11
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Mean age at baseline ranged from 60 years in ELIXA to 66 years in PIONEER 6 and REWIND.
The highest proportion of women was included in REWIND (46% compared with between 31 and
39% in the remaining trials). The proportion of patients with established cardiovascular disease at
baseline ranged from 100% in ELIXA and Harmony Outcomes to 31% of those in REWIND (Table
1). Kidney function was similar across trials (with median estimated glomerular filtration rate
ranging from 74 to 80 ml/min/m?). Median HbA1c was lowest in REWIND and ELIXA (7.1% and
7.7%, respectively) and highest, at 8.7%, in LEADER, SUSTAIN-6 and Harmony Outcomes.
REWIND had the lowest proportional use of insulin at baseline (24% compared with 39-61% in
remaining trials). The median length of follow-up ranged from 1.3 years in PIONEER 6 to 5.4 years
in REWIND; the estimated median follow-up was 3.2 years (Appendix Table 1). Treatment

discontinuation and loss to follow-up is summarised in Appendix Table 7.

In the pooled analysis, treatment with a GLP-1 receptor agonist led to a 12% relative risk reduction
in MACE (HR 0.88; 95% CI 0.82, 0.94; p<0.001) [Figure 2]. The NNT was 75 (95% CI 50, 151)
over an estimated median follow-up of 3.2 years and the fragility index, overall, was 202 (Appendix
Table 6). When assessing the components of the composite MACE endpoint separately, GLP-1
receptor agonist use led to a reduction in risk of death from cardiovascular causes (HR 0.88 95% ClI
0.81, 0.96; p=0.001), fatal- or non-fatal stroke (HR 0.84; 95% CI 0.76, 0.93; p<0.001), and fatal or

non-fatal M1 (HR 0.91; 95% CI 0.84, 1.00; p=0.043) [Figure 2].

In subgroup analyses there was no statistical heterogeneity between the effect of a GLP-1 receptor
agonist in “primary prevention” patients (those without established cardiovascular disease) and
those with cardiovascular disease at baseline: HR 0.95 (95% CI 0.83, 1.08) for “primary
prevention” and 0.86 (0.79, 0.94) for “secondary prevention” , p for interaction=0.22. Similarly, we
found no heterogeneity for the effect of GLP-1 receptor agonist therapy when examined by baseline

HbAlc (“low” compared with “high” median HbA1c), shorter compared with longer trial follow-up

12
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(<3 years vs. >3 years median follow-up), drug dosing interval (daily compared with weekly
dosing), reflecting duration of drug action. The one possible exception was the comparison of
exendin 4-based compounds (lixisenatide and exenatide) and agents more homologous with human
GLP-1 (all other drugs studied); this analysis suggested heterogeneity: HR 0.95 (95% CI 0.85,
1.06) for exendin 4-based, compared with 0.84 (0.79, 0.90) for GLP-1-based, p-value for

interaction=0.06 (Figure 3).

Compared with placebo, treatment with a GLP-1 receptor agonist reduced the risk of death from
any cause by 12% (HR 0.88; 95% CI 0.83, 0.95; p=0.001), giving a NNT of 108 (77, 260) [Figure

4],

The risk of HF hospitalization was also reduced in GLP-1 receptor agonist treated patients, by 9%

(HR 0.91; 95% CI 0.83, 0.99; p=0.028), giving a NNT of 311 (164, 2797) [Figure 4].

Renal events were not available for Harmony Outcomes or PIONEER 6. Treatment with a GLP-1
receptor agonist reduced the broader composite renal outcome of worsening renal function, end-
stage renal disease and renal death, including development of macroalbuminuria, by 17% (HR 0.83,
95% CI1 0.78, 0.89) with a NNT of 62 (48, 96). There was a 13% reduction (HR 0.87, 0.73, 1.03) in
the narrower worsening renal function outcome which was of borderline statistical significance; the

corresponding NNT was 245 (118, -1064) (Figure 4).

The incidence of severe hypoglycaemia, pancreatitis and pancreatic cancer did not differ between
GLP-1 receptor agonist treatment and placebo (Appendix Figure 1). The incidence of retinopathy
did not differ between GLP-1 receptor agonist treated and placebo treated patients, but this outcome
was not defined consistently among the trials (Appendix Figure 1). The rate of thyroid carcinoma

was low and did not differ between the active treatment and placebo groups (Appendix Table 5).

13
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DISCUSSION

The present meta-analysis includes 13,084 (30%) more patients, 1394 (29%) more MACE
endpoints, 1818 (95%) more renal events and approximately 56,000 more years of patient exposure
than the largest prior study of this type.'®® The present report also includes 6709 (95%) more
“primary prevention” patients (i.e. with cardiovascular risk factors rather than established
cardiovascular disease), one additional agent in the class i.e. dulaglutide with homology to human
GLP-1 and a long duration of action, and a novel oral formulation of semaglutide which was

administered by sub-cutaneous injection in a previous trial.

Three-component MACE, the primary endpoint in 6 of the 7 trials, was reduced by 12%, reflecting
a beneficial effect on death from cardiovascular causes (relative risk reduction 12%), as well as a
reduction in risk of stroke (16% relative risk-reduction in fatal and non-fatal stroke). The reduction
in myocardial infarction (9% relative risk-reduction in fatal and non-fatal myocardial infarction)
was less robust though directionally concordant. The NNT for MACE was 75 (95% CI 50, 151)
over an estimated median duration of follow-up of 3.2 years. The relative risk reduction in MACE
in a recent sodium-glucose co-transporter 2 (SGLT2) inhibitor meta-analysis was 11 (4-17)% and
the NNT 97 (63, 266) over an estimated median follow-up of 3.3 years, although this comparison
should be made cautiously as it does not take account of differences in the patient populations
studied.. The hazard ratio for death from any cause in GLP-1 receptor agonist trials was 0.88 (95%
C10.83-0.95) and NNT 108 (77, 260); in the SGLT2 inhibitor meta-analysis the corresponding HR

was 0.85 (95% CI1 0.78-0.93) and NNT 101 (69,216).%°

15
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We undertook several subgroup analyses to address the explanations proposed for the different
effects on cardiovascular outcomes observed among the various GLP-1 receptor agonist trials.
These include differences in the specific molecule tested, in the patients randomized, and in the
duration of follow-up. Albiglutide, dulaglutide, liraglutide, and semaglutide are more similar,
structurally, to native GLP-1 whereas exenatide and lixisenatide are based, structurally, on exendin-
4,222 pyration of treatment effect also differs markedly between the agents studied, although this
does not reflect structural homology, with some GLP-1 receptor agonists of each type having a
short pharmacologic half-life (e.g. lixisenatide 2-3 hours and liraglutide 12 hours) and others a long
half-life (e.g. dulaglutide 120 hours and subcutaneous semaglutide 170 hours), or available as a
sustained release formulation (exenatide), reflected in daily versus weekly dosing.? The oral
formulation of semaglutide used in PIONEER 6 required daily dosing. With the seven trials now
available it was possible to examine whether these pharmacological characteristics, and their
permutations, influence treatment efficacy. While duration of drug action did not seem to modify
the treatment-effect, there was a suggestion of an interaction related to chemical structure, with a
possibly smaller effect on MACE of agents based on exendin-4. This apparent interaction could be
unduly influenced by ELIXA, which was unique in recruiting patients with a recent acute coronary
syndrome (and also used a very short-acting agent, administered once daily), poor adherence in
EXSCEL (40% permanent treatment discontinuation) or may be a chance finding. The ongoing
Efpeglenatide on Cardiovascular Outcomes trail (AMPLITUDE-O - ClinicalTrials.gov unique
identifier: NCT03496298), using a long-acting exendin-4 based GLP-1 receptor agonist in patients
with established cardiovascular disease or cardiovascular risk factors will provide more evidence on

this question.
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The difference in patient population enrolled in the various GLP-1 receptor agonist trials has also
been considered a potential explanation for the difference in outcomes among the studies.?* In
particular, the lack of clear reduction in the primary MACE endpoint in EXSCEL has been
attributed to the higher proportion of patients without established cardiovascular disease
randomized in that trial, compared with the preceding GLP-1 receptor agonists trials. The inclusion
of PIONEER 6 and, especially, REWIND allowed us to examine this question, with an almost
doubling in the number of “primary-prevention” patients, overall, exposed to a GLP-1 receptor
agonist, although even with this, the number of participants with MACE in this subgroup was less
than a third of that in most other subgroups. Consequently, this analysis may still be under powered
and, although there was no heterogeneity for the effect of GLP-1 receptor agonist treatment, the
statistical test for interaction is weak. Therefore we cannot be certain that the relative risk reduction
in “primary prevention” patients was the same as in “secondary prevention” patients and even if it
was, the absolute risk reduction in the “primary prevention” population will be smaller, and the
treatment likely to be less cost-effective, because individuals without established cardiovascular
disease are at lower baseline risk than “secondary prevention” patients. These additional data may,
therefore, not be sufficiently robust to challenge the new guideline recommendations only to use

GLP-1 receptor agonists in patients with established cardiovascular disease.*?

Duration of follow-up was a further potential explanation for difference discrepancy in trial
outcomes, with, for example, the much shorter follow-up in ELIXA (median 2.1 years) than
LEADER (median 3.8 years) highlighted as an important difference between the first two large
outcome trials with a GLP-1 receptor agonist. However, duration of follow-up did not seem to

modify the benefit of treatment on the composite MACE outcome.

17
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Two of the other subgroups merit discussion. The effect of GLP-1 receptor agonist treatment was
consistent according to age and renal function. Because older age and lower eGFR were associated
with higher rates of MACE, the absolute benefit was larger in these individuals.

This updated meta-analysis also shows for the first time that treatment with a GLP-1 receptor
agonist reduces the risk of heart failure hospitalization, although the reduction in risk was small in
relative (9%, 95% CI 1-17%) and absolute (NNT 311; 95% CI 164, 2797) terms and was not
statistically robust. This effect was also, clearly, much smaller than seen with SGLT2 inhibitors,
which showed a relative risk reduction of 31 (21-39)% and a NNT of 100 (79, 147) over a similar
median duration of follow-up (3.2 vs 3.3 years). Nevertheless, a GLP-1 receptor agonist may be an
alternative in a patient with heart failure (or renal impairment) who cannot take a SGLT2
inhibitor.?’ The explanation for why GLP-1 receptor agonists should reduce this endpoint is not
clear, especially as these agents has not demonstrated any benefit in trials in patients with
established heart failure with reduced ejection fraction.?>?® One possibility is that this favourable
effect in the meta-analysis is secondary to reduction in myocardial infarction, a common precursor
of heart failure. In this context, is notable that the largest reductions in heart failure were in the two
trials (Harmony Outcomes and LEADER) with the greatest reduction in myocardial infarction. This
hypothesis, however, needs further investigation, for example with examination of the time

sequence of cardiovascular events in individual patients.

Itis clear, overall, that GLP-1 receptor agonists are cardioprotective agents. The time course of their
effects, apparent in the individual trials, and the types of cardiovascular events prevented suggest
that GLP-1 receptor agonists have primarily an anti-atherothrombotic effect. This profile is distinct

from the SGLT 2 inhibitors which exhibit an effect much more rapidly and which is more

18



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

pronounced on heart failure, raising the possibility of therapeutic synergy from the combination of

these two classes of drug.?’

This may also be true for renal outcomes. While we found that GLP-1 receptor agonists clearly
reduced the risk of worsening of kidney function when assessed using a composite outcome driven
by an increase in urinary aloumin excretion, the benefit on a composite including a significant
decline in eGFR (or increase in creatinine) was less clear, of borderline statistical significance and
not as pronounced as seen with SGLT2 inhibitors.'®?" The relative risk reduction in the “harder”
renal endpoint in the three large, broadly inclusive, SGLT2 inhibitor trials was 45 (36-52)% with a
NNT of 79 (69, 99), compared with 13 (27-+3)% and 245 (118, -1064) in the present meta-

analysis.*®

Lastly, this meta-analysis suggests that prior concerns about pancreatitis and pancreatic cancer with
GLP-1 receptor agonists seem unfounded and there was also no increase in risk of severe
hypoglycaemia. We also so no overall increase in adverse eye-outcomes, although these were
inconsistently defined in the trials, a deficit that should be remedied in future studies. The outcomes
reported did not require systematic eye examination and this too is required for a full understanding
of the effect of any glucose-lowering therapy on eye health. A dedicated trial of this type is
currently underway with semaglutide (FOCUS - ClinicalTrials.gov unique identifier:
NCT03811561). Our study has other limitations, including lack of patient-level data, restriction of
subgroup analyses to the primary 3-component MACE endpoint, and ability to examine only the
secondary endpoints and adverse events of special interest reported by the investigators of the trials

included.
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In conclusion, in this meta-analysis, we show that in patients with type 2 diabetes, GLP-1 receptor
agonists reduced 3-component MACE, its individual components of, all-cause mortality and risk of
hospitalization for heart failure. Treatment with a GLP-1 receptor agonist also reduces the risk of
worsening renal function, due mainly to a decrease in development of macroalbuminuria. These
benefits were obtained without an increase in risk of severe hypoglycaemia, pancreatic adverse

effects, or thyroid cancer.
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Table 1: Baseline characteristics and use of glucose lowering agents across trials
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ELIXA LEADER SUSTAIN-6 EXSCEL HARMONY REWIND PIONEER 6

n=6068 n=9340 n=3297 n=14752 n=9463 n=9903 n=3183
Drug studied Lixisenatide Liraglutide Semaglutide Exenatide Albiglutide Dulaglutide Semaglutide
Structural basis Exendin-4 based Human GLP-1 Human GLP-1 Exendin-4 based Human GLP-1 Human GLP-1 Human GLP-1

based based based based based

Administration route subcutaneous subcutaneous subcutaneous subcutaneous subcutaneous subcutaneous oral
Dose 20 ug/day 1.8 mg/day 0.5 or 1 mg/week 2 mg/week 30 or 50 mg/week 1.5 mg/week 14 mg/day
Age, mean — years 60+10 64+7 657 62+9 64+7 66x7 667
Female sex, no. (%) 1861 (31%) 3337 (36%) 1295 (39%) 5603 (38%) 2894 (31%) 4589 (46%) 1007 (32%)
BMI (kg/m?) 30.1+5.6 32.546.3 32.846.2 32.746.4 32.315.9 32.345.7 32.316.5
Caucasian 4576 (75%) 7238 (78%) 2736 (83%) 11175 (76%) 6583 (70%) 7498 (76%) 2300 (72%)
Diabetes duration, years 9.248.2 12.848.0 13.948.1 13.148.3 14.248.8 10.6+7.2 14.948.5
HbAlc (%) 7.7+£1.3 8.7+1.6 8.7x1.5 8.1+1.0 8.7£1.5 7.3x1.1 8.2+1.6
Proportion with CVD 6068 (100%) 7598 (81%) 2735 (83%) 11175 (76%) 6678 (71%) 3114 (31%) 2692 (85%)
Proportion with HF 1358 (22%) 1667 (18%) 777 (24%) 2389 (16%) 1922 (20%) 852 (9%) 388 (12%)
Systolic blood pressure 129+17 136+18 136+17 135+17 135+17 137+17 136+18
(mmHg)
eGFR, mL/min per 1.73 m? 78+21 80 (SD not given) 80 (61, 92) 77 (61,92) 79+25 75+24 74+21
Glucose lowering agents. (%0)
Insulin 2374 (39%) 4159 (45%) 1913 (58%) 6838 (46%) 5597 (59%) 2398 (24%) 1943 (61%)
Biguanides 4021 (66%) 7136 (76%) 2414 (73%) 11295 (77%) 7970 (84%) 8016 (81%) 2437 (77%)
Sulfonylurea 2004 (33%) 4721 (51%) 1410 (43%) 5401 (37%) 2725 (29%) 5644 (57%) 1007 (32%)
Thiazolidinedione 95 (2%) 573 (6%) 76 (2%) 579 (4%) 194 (2%) 168 (2%) N/A
DPP4-inhibitor NA 6 (<1%) 5 (<1%) 2203 (15%) 1437 (15%) 88 (1%) 0
SGLT2 inhibitor NA NA 5 (<1%) 77 (1%) 575 (6%) 12 (0%) 301 (10%)

BMI — body mass index, HbAlc — haemoglobin Alc, CVD — cardiovascular disease, HF — heart failure, eGFR — estimated glomerular filtration rate, DPP4-inhibitor — dipeptidyl peptidase 4 inhibitor, SGLT-2

inhibitor — sodium/glucose co transporter 2 inhibitor.
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Figure 1: PRISMA flow diagram of included trials.
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Figure 2: Risk of MACE and each of its components

3-component GLP-1 receptor Placebo Hazard ratio NNT P-value
MACE agonist n/N (%) /N (%) (95% CI) 95% CI)
ELIXA 400/3034 (13%) 392/3034 (13%) _,___ 1.02 (0.89-1.17) 0.78
EXSCEL 839/7356 (11%) 905/7396 (12%) 0.91 (0.83-1.00) 0.061
LEADER 608/4668 (13%) 694/4672 (15%) + 0.87 (0.78-0.97) 0.015
SUSTAIN-6 108/1648 (7%) 146/1649 (9%) —-—‘— 0.74 (0.58-0.95) 0.016
Harmony 338/4731 (7%) 428/4732 (9%) et 0.78 (0.68-0.90) <0.001
REWIND 594/4949 (12%) 663/4952 (13%) — 0.88 (0.79-0.99) 0.026
PIONEER 6 61/1591 (4%) 76/1592 (5%) —_— 0.79 (0.57-1.11) 0.17
Overall (-squared = 40.9%, p=0.118) |
Overall 2948/27977 (11%)  3304/28027 (12%) & 0.88(0.82-0.94) 75 (50-151) <0.001
I§ 1 1‘5

Cardiovascular death GLP-1 receptor Placebo Hazard ratio NNT P-value

agonist n/N (%) n/N (%) (95% CI) (95%CI)
ELIXA 156/3034 (5%)  158/3034 (5%) —a— 0.98 (0.78-1.22) 0.85
EXSCEL 340/7356 (5%) 383/7396 (5%) = 0.88 (0.76-1.02) 0.096
LEADER 219/4668 (5%) 278/4672 (6%) == 0.78 (0.66-0.93) 0.007
SUSTAIN-6 44/1648 (3%) 46/1649 (3%) i 0.98 (0.65-1.48) 0.92
Harmony 122/4731 (3%) 130/4732 (3%) —=— 0.93 (0.73-1.19) 0.58
REWIND 317/4949 (6%) 346/4952 (7%) = 0.91 (0.78-1.06) 0.18
PIONEER 6 15/1591 (1%) 30/1592 (2%) — 0.49 (0.27-0.92) 0.021

Owverall (-squared = 13.5%, p = 0.327)
Overall 1277/27977 (5%) 1471/28027 (5%) 0] 0.88 (0.81-0.96) 163 (103-489) 0.003
I5 1 1k5
Fatal - and non-fatal GLP-1 receptor Placebo Hazard ratio NNT P-value
MI agonist /N (%) n/N (%) (95% CI) (95%CI)
ELIXA 270/3034 (9%)  261/3034 (9%) H-f 1.03 (0.87-1.22) 0.71
EXSCEL 483/7356 (7%)  493/7396 (7%) ——-—— 0.97 (0.85-1.10) 0.62
LEADER 292/4668 (6%) 339/4672 (7%) —-—;— 0.86 (0.73-1.00) 0.046
SUSTAIN-6 54/1648 (3%) 67/1649 (4%) 4'—‘*7 0.81 (0.57-1.16) 0.26
Harmony 181/4731 (4%)  240/4732 (5%) —— 0.75 (0.61-0.90) 0.003
REWIND 223/4949 (5%)  231/4952 (5%) —-'-— 0.96 (0.79-1.15) 0.63
PIONEER 6 37/1591 (2%) 31/1592 (2%) —L*— 1.18 (0.73-1.90) 0.49
Overall (I-squared = 27 4%, p = 0.218) |
Overall 1540/27977 (6%) 1662/28027 (6%) <> 0.91 (0.84-1.00) 193 (109-na) 0.043
Iﬁ 1 l.‘ﬁ
Fatal and non-fatal GLP-1 receptor Placebo Hazard ratio NNT
stroke agonist n/N (%) n/N (%) (95% CI) (95°%CT)
ELIXA 67/3034 (2%) 60/3034 (2%) 4*4*— 1.12 (0.79-1.58) 0.54
EXSCEL 187/7356 (3%) 218/7396 (3%) —a T 0.85(0.70-1.03) 0.095
LEADER 173/4668 (4%) 199/4672 (4%) —'—— 0.86 (0.71-1.06) 0.16
SUSTAIN-6 30/1648 (2%) 46/1649 (3%) e 0.65 (0.41-1.03) 0.066
Harmony 94/4731 (2%) 108/4732 (2%) —*—— 0.86 (0.66-1.14) 0.30
REWIND 158/4949 (3%) 205/4952 (4%) % 0.76 (0.62-0.94) 0.01
PIONEER 6 12/1591 (1%) 16/1592 (1%) 0.74 (0.35-1.57) 0.43
Overall (-squared = 0.0%, p = 0.557) 1|
Overall 721/27977 (3%)  852/28027 (3%) <> 0.84(0.76-0.93) 209 (139-477) <0.001
5 1 15

For PIONEER 6, fatal and non-fatal M1 and stroke was not available, hence numbers and estimates refer to non-fatal
MlI, and non-fatal stroke exclusively.



Figure 3: Cardiovascular outcome of GLP-1 receptor agonists for selected subgroups

MACE Subgroups GLP-1 receptor Placebo Hazard ratio P-value
agonist n/N (%) n/N (%) 95% CI) for inter-
action
History of cardiovascular disease . 022
Yes 2431/21253 (11%) 2755/21202 (13%) — 0.86 (0.79-0.94)
No 480/6428 (7%) 518/6555 (8%) —_— 0.95 (0.83-1.08)
1
!
Bascline HbAlc concentration : 041
Higher 1645/14508 (11%) 1865/14296 (13%) — 0.85 (0.78-0.92)
Lower 1300/1304 (10%) 1442/13664 (11%) _:._: 0.89 (0.83-0.96)
1
Median duration of follow-up E 052
<3 years 907/11004 (8%)  1042/11007 (9%) —_— 0.84 (0.71-0.99)
>3 years 2041/16973 (12%) 2262/17020 (13%) —— 0.89 (0.84-0.94)
Drug dosing E 0.34
Daily 1069/9293 (12%)  1162/9298 (12%) T 0.92 (0.80-1.05)
Weekly 1879/18684 (10%) 2142/18729 (11%) — 0.85 (0.78-0.93)
1
Human GLP-1 homology : 0.06
Yes 1709/17587 (10%) 2007/17597 (11%) — 0.84 (0.79-0.90)
No 1239/10390 (12%) 1297/10430 (12%) — 0.95 (0.85-1.06)
1
Body mass index, kg/m’ i 1.00
<30 1254/11752 (11%) 1403/11904 (12%) — 0.87 (0.77-0.98)
=30 1679/16116 (10%)  1892/16011 (12%) —_— 0.87 (0.82-0,93)
1
Age E 0.79
<65 years 1249/14195 (9%) 1346/13948 (10%) —_— T 0.85 (0.72-0.99)
>65 years 1705/13782 (12%) 1965/14079 (14%) —— 0.87 (0.81-0.93)
!
Baseline ¢GFR, mL/min/m? : 0.72
<60 769/5341 (14%)  875/5432 (16%) _ 0.88 (0.76-1.03)
>60 1578/17653 (9%) 1773/17598 (10%) — 0.85 (0.76-0.96)
I : I
5 1 1.5

Higher baseline HbA1c” defined as: >7.5% in ELIXA, >8.0% in EXSCEL, >8.3% in LEADER, >8.5% in SUSTAIN-6,
>8.0% in Harmony, >7.2% in REWIND and >8.5% in PIONEER 6. In REWIND, patients were divided by BMI>32 /
BMI <32, and agegroups <66 / >66 years. In LEADER agegroups were <60/>60 years.
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Figure 4: All-cause mortality, heart failure hospitalization, and renal outcomes

All-cause mortality GLP-1 receptor Placebo Hazard ratio NNT P-value
agonist n/N (%) n/N (%) (95% CI) (95%CI)
ELIXA 211/3034 (7%) 223/3034 (7%) e 0.94 (0.78-1.13) 0.50
EXSCEL 507/7356 (7%)  584/7396 (8%) - 0.86 (0.77-0.97) 0.016%
LEADER 381/4668 (8%)  447/4672 (10%) = 0.85 (0.74-0.97) 0.02
SUSTAIN-6 62/1648 (4%) 60/1649 (4%0) ——#——  1.05(0.74-1.50) 0.79
Harmony 196/4731 (4%)  295/4732 (4%) —E— 0.95 (0.79-1.16) 0.64
REWIND 536/4949 (11%)  592/4952 (12%) + 0.90 (0.80-1.01) 0.067
PIONEER 6 23/1591 (1%) 45/1592 (3%) 0.51 (0.31-0.84) 0.008
Overall (-squared = 18.5%,p=0.304)
Overall 1916/27977 (1%) 2246/28027 (8%5) <> 0.88 (0.83-0.95) 108 (77-260) 0.001
;l 1 [15
Heart failure GLP-1 receptor Placebo Hazard ratio NNT P-value
hospitalization agonist n/N (%) n/N (%) (95% CI) (95%CI)
ELIXA 122/3034 (4%) 127/3034 (4%) —‘—*— 0.96 (0.75-1.23) 0.75
EXSCEL 219/7356 (3%) 231/7396 (3%) —‘— 0.94 (0.78-1.13) 0.51
LEADER 218/4668 (5%)  248/4672 (5%) —*’7* 0.87 (0.73-1.05) 0.14
SUSTAIN-6 59/1648 (4%) 54/1649 (3%) — s 1.11(0.77-1.61) 0.57
Harmony 79/4731 (2%) 111/4732 (2%) —‘—" 0.71 (0.53-0.94) <0.001
REWIND 213/4949 (4%) 226/4952 (5%) — = 0.93 (0.77-1.12) 0.46
PIONEER 6 21/1591 (1%) 24/1592 (2%) 0.86 (0.48-1.44) 0.59
Overall (1squared = 0.0%, p = 0.595)
Overall 936/27977 (3%) 1016/28027 (4%) <> 0.91(0.83-0.99) 311 (164-2797) 0.028
‘5 1 1‘5
Renal outcomes GLP-1 receptor Placebo Hazard ratio NNT P-value
agonist n/N (%) n/N (%) (95% CI) (95%CI)

Composite renal outcome including macroalbuminuria

ELIXA 1722639 (6%) 203/2647 (6%) —— 0.84 (0.68-1.02) 0.083
EXSCEL 366/6256 (6%) 407/6222 (7%) ‘H* 0.88 (0.76-1.01) 0.065
LEADER 268/4668 (6%) 337/4672 (7%) —s— 0.78 (0.67-0.92) 0.003
SUSTAIN-6 62/1648 (4%) 100/1649 (6%) —'—— 0.64 (0.46-0.88) 0.006
REWIND 848/4949 (17%) 970/4952 (20%) e 0.85 (0.77-0.93) <0.001
Ovesall (I-squared = 0.0%, p=0413) :
Overall 1716/20160 (9%) 2017/20142 (10%) ® 0.83 (0.78-0.89) 62 (48-96)  <0.001
Renal outcomes GLP-1 receptor Placebo Hazard ratio NNT P-value
agonist n/N (%) /N (%) (95% CI) (95%CI)

‘Worsening of renal function

ELIXA 35/3032 (1%) 41/3031 (1%) — 1.16 (0.74-1.83) 051

EXSCEL 246/6456 (4%) 273/6458 (4%) —= 0.88 (0.74-1.05) 0.16

LEADER 87/4668 (2%) 97/4672 (2%) e 0.89 (0.67-1.19) 0.43

SUSTAIN-6 18/1648 (1%) 14/1649 (1%) 1.28 (0.64-2.58) 0.48

REWIND 169/4949 (3%) 23774952 (5%) 0.70 (0.57-0.85) <0.001
Ol aquered 42 7%, 0.457)

Overall 355/20753(3%)  662/20762 (3%) <> - 0.87(0.73-1.03) 245 (118-1064*) 0,098

5 1 15

*not regarded statistically significant due to hierarchical statistical testing plan. *number needed to harm. Data on renal
outcomes were not available in Harmony Outcomes and PIONEER 6. The broader “composite renal outcome”

consisted of development of macroalbuminuria, doubling of serum creatinine or >40% decline in eGFR, development of
end-stage renal disease or death due to renal disease. The narrower “worsening of renal function” outcome was defined
as either doubling of serum creatinine or >40% decline in eGFR. Exact definitions of renal outcomes are detailed in
Appendix Table 2.
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