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Abstract

Background: Sodium-glucose co-transporter-2 (SGLT2) inhibitors and glucagon-like
peptide-1 receptor agonists (GLP-1 RAs) both reduce cardiovascular (CV) events among
patients with type 2 diabetes. However, no CV outcome trial has evaluated the long-term
effects of their combined use.

The AMPLITUDE-O trial reported that once weekly injections of the GLP-1 RA
efpeglenatide (vs. placebo) reduced major adverse cardiovascular events (MACE); MACE,
coronary revascularization or unstable angina hospitalization (expanded MACE); a renal
composite outcome; and MACE or death in people with type 2 diabetes and CV and/or renal
disease. The trial uniquely stratified randomization by baseline or anticipated use of SGLT2
inhibitors and included the highest prevalence at baseline (N=618, 15.2%) of SGLT2
inhibitor use among GLP-1 RA CV outcome trials to date. Its results were analyzed to
estimate the combined effect of SGLT2 inhibitors and efpeglenatide on clinical outcomes.
Methods: Cardiovascular and renal outcomes were analyzed using Cox proportional hazards
models adjusted for region, SGLT2 inhibitor randomization strata, and the SGLT2 inhibitor-
by-treatment interaction. Continuous variables were analyzed using a mixed-effects models
for repeated measures that also included an interaction term.

Results: The effect (hazard ratio [95% confidence interval]) of efpeglenatide versus placebo
in the absence and presence of baseline SGLT2 inhibitors, respectively, on MACE (0.74
[0.58- 0.94] and 0.70 [0.37- 1.30]), expanded MACE (0.77 [0.62- 0.96] and 0.87 [0.51-
1.48]), renal composite (0.70 [0.59- 0.83] and 0.52 [0.33- 0.83]), and MACE or death (0.74
[0.59- 0.93] and 0.65 [0.36- 1.19]) did not differ by baseline SGLT2 inhibitor use (P for all
interactions >0.2). Efpeglenatide’s reduction of blood pressure, body weight, low density
lipoprotein cholesterol and urinary albumin:creatinine ratio also appeared to be independent
of concurrent SGLT2 inhibitor use (all interaction P >0.08). Finally, adverse events did not
differ by baseline SGLT2 inhibitor use.

Conclusions: The efficacy and safety of efpeglenatide appear independent of concurrent
SGLT2 inhibitor use. These data support combined SGLT2 inhibitor and GLP-1 RA therapy
in type 2 diabetes.

Clinical Trial Registration: ClinicalTrials.gov number, NCT03496298

Key Words: Diabetes, Glucagon-like peptide-1 receptor agonists, Sodium-glucose co-
transporter-2 inhibitors

Non-standard Abbreviations and Acronyms
SGLT2: sodium-glucose co-transporter-2

GLP-1 RA: glucagon-like peptide-1 receptor agonist
MACE: major adverse cardiovascular events
UACR: urinary albumin-to-creatinine ratio

eGFR: estimated glomerular filtration rate
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Clinical Perspective

What is new?

In this exploratory analysis of the AMPLITUDE-O trial, the salutary effects of the
glucagon-like peptide-1 receptor agonist (GLP-1 RA) efpeglenatide on major adverse
cardiovascular events (MACE), expanded MACE, renal composite outcome, MACE
or death, and heart failure hospitalizations as well as adverse events appeared
independent of concurrent sodium-glucose co-transporter-2 (SGLT2) inhibitor use, as
judged by point estimates in those receiving vs. not receiving baseline SGLT2

inhibitor and lack of any formal interactions.

What are the clinical implications?

These data support combined SGLT2 inhibitor and GLP-1 RA therapy in type 2
diabetes.

Combined treatment with SGLT2 inhibitors and GLP-1 RAs has the potential to yield
substantial benefits across a wide range of CV outcomes among patients with type 2
diabetes based on this analysis of a small subgroup in the AMPLITUDE-O trial.
However, more data are needed to confirm both the efficacy and tolerability of this

combination of treatments.
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Introduction

Two commonly used classes of glucose lowering drugs, the sodium-glucose co-transporter-2
(SGLT2) inhibitors, and the glucagon-like peptide-1 receptor agonists (GLP-1 RAs), have
individually been shown to reduce cardiovascular (CV) and kidney outcomes among patients
with type 2 diabetes.’™” The mechanisms by which SGLT2 inhibitor and GLP-1RA exert their
CV benefit appear to be mostly independent of glucose lowering and complementary to each
other, based on the different molecular mechanisms of action of the drugs and different types
of CV harm prevented by each drug class. From large outcomes trials of individuals agents,
GLP-1RAs reduce the risk of atherosclerotic ischemic events (stroke benefits being greater)
and have a modest effect on kidney function and perhaps heart failure,®° whereas SGLT2
inhibitors more impressively reduce the risk of heart failure, kidney function decline and
kidney outcomes, with a modest effect on myocardial infarction and no effect on stroke.*° It
is therefore tantalizing to consider using these 2 drug classes in combination to achieve
greater benefits for patients than either drug class alone.

Several short-term trials of combination SGLT2 inhibitor and GLP-1RA therapy
showed potential benefits on metabolic parameters but did not include clinical outcome
data.'*However, no CV outcome trial has evaluated the long-term effects of the combined use
of the 2 drugs classes in patients with type 2 diabetes. The AMPLITUDE-O trial showed that
a once weekly injection of the exendin-based GLP-1RA efpeglenatide (vs. placebo) reduced
CV and renal outcomes in people with type 2 diabetes and either CV or renal disease.'? The
trial was uniquely designed to stratify randomization by baseline or anticipated use of SGLT2
inhibitors, and included the highest prevalence (15.2%) of SGLT2 inhibitor use among GLP-
1RA CV outcome trials to date, which subsequently increased to 21.2% vs. 17.5% in the

placebo and efpeglenatide groups, respectively (P= 0.004). We therefore evaluated the effect
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of concomitant SGLT?2 inhibitor use on these clinical outcomes as well as heart failure and

adverse events in the AMPLITUDE-O trial.

Methods
A data sharing statement provided by the authors is available.'® The design, overall baseline
characteristics and main outcomes of AMPLITUDE-O have been previously published.*?*3
In brief, AMPLITUDE-O was an international trial randomizing individuals with type 2
diabetes at high risk for CV events 1:1:1 to 4 mg efpeglenatide or 6 mg efpeglenatide or
placebo. Randomization was stratified by SGLT2 inhibitor use (Current use, Potential future
use, Neither current nor potential future use), and study medication was added to pre-
randomization therapy. Post-randomization visits were at 12 weeks, 24 weeks, and then every
24 weeks with intervening phone visits. The pre-specified primary analysis pooled the two
efpeglenatide dose groups (4/6 mg) for comparison with placebo. The study was approved by
an institutional review committee and that the participants gave informed consent
Outcomes

The AMPLITUDE-O primary and secondary outcomes that were significantly
reduced by efpeglenatide included major adverse cardiovascular events (MACE), defined as a
non-fatal myocardial infarction, a non-fatal stroke, or death from CV or undetermined causes;
an expanded MACE (MACE, coronary revascularization or hospitalization for unstable
angina); a renal composite outcome (incident macroalbuminuria defined as a urinary
albumin-to-creatinine ratio [UACR] > 300 mg/g or 33.9 mg/mmol, > 30% rise of UACR
from baseline, decrease in estimated glomerular filtration rate [eGFR] by > 40% for > 30
days, renal replacement therapy, or eGFR < 15 ml/min/1.73 m? for > 30 days); and the
composite of MACE or non-CV death. These outcomes, as well as heart failure

hospitalizations, were analyzed.
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Statistical Analysis

Continuous variables were summarized with either means and standard deviations or medians
and interquartile ranges, and categorical variables were summarized as counts and
percentages. Kaplan Meier curves were used to display cumulative risks. Cox proportional
hazards models adjusted for region and the three-level SGLT2 inhibitor randomization strata,
were used to estimate hazard ratios and 95% confidence intervals overall and within
subgroups defined by baseline SGLT2 inhibitor use. SGLT2 inhibitor-by-treatment
interaction terms were added to the model to test for interactions. These models were
additionally adjusted for heart rate as a time-varying covariate in sensitivity analyses.

Three exploratory analyses were conducted to address previously reported differences
in post-randomization use of SGLT2 inhibitor (21.2% vs. 17.5% in the placebo and
efpeglenatide groups, P= 0.004) use during the trial.!? First, two novel sub-groups were
defined as anyone ever exposed to SGLT2 inhibitors from the baseline to the final visit
versus everyone never exposed, and the above analyses were repeated. Second, anyone
starting an SGLT2 inhibitor after randomization was censored at the time of drug initiation
and the above analyses were repeated.* Third, Cox proportional hazards models were run
that included an SGLT2 inhibitor-by-treatment interaction term and that were adjusted for
region, three-level SGLT2 inhibitor randomization strata, and an additional “weighting” term
that accounted for the likelihood of adding an SGLT2 inhibitor based on the participants’
baseline characteristics. This weighting term was estimated from a Cox model that assessed
the probability of adding an SGLT2 inhibitor after randomization after adjusting for age, sex,
SGLT?2 inhibitor randomization strata, region, diabetes duration, and the mean post-
randomization values for eGFR, HbAlc, systolic blood pressure, weight, and log-transformed
UACR. The inverse of the probability estimate for each patient was calculated® and this

weighting term was used in a weighted Cox regression model that reflects the hazard of the
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outcomes with efpeglenatide versus placebo (after “stabilization” to account for spuriously
large weights)*® after accounting for drop-in use of SGLT2 inhibitors. The resulting hazard
ratios reflect the hazard of efpeglenatide for the outcomes had both groups been similar with
respect to their likelihood of getting an SGLT2 inhibitor after randomization.

Changes in continuous variables were analyzed using a mixed-effects model for
repeated measures using restricted maximum likelihood, with the baseline value as the
covariate, the participant as a random effect, and fixed effects for region (North America,
Latin America, Europe, other), the three SGLT2 inhibitor randomization strata, assigned
treatment, visit, treatment-by-visit interaction and the SGLT2 inhibitor-by-treatment
interaction term.

In all analyses, a p value < 0.05 was used to assess statistically significant differences,

with no adjustment for multiplicity.

Results

Baseline characteristics of patients receiving and not receiving concomitant SGLT2
inhibitors at enroliment

The 4076 participants in AMPLITUDE-O included 1344 (33%) women, were of mean (SD)
age 64.5 (8.2) years, and 618 (15.2%) who reported SGLT2 inhibitor use at baseline (Table
1). Compared to patients not receiving SGLT2 inhibitors at enrollment, those receiving
SGLT2 inhibitors were similar with respect to age, race/ ethnicity, body mass index, heart
rate, prior CV, renal and retinal disease, drug use (except for statins), and eGFR. Notably,
those on SGLT2 inhibitors included fewer females and more Canadians, Americans or
Europeans, and had a longer duration of diabetes, lower systolic blood pressure, HbAlc,
cholesterol, albumin-creatinine-ratio, and prevalence of prior heart failure and albuminuria.

The majority of patients in both groups had background therapy with metformin, angiotensin
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converting enzyme inhibitors/angiotensin receptor blockers, beta-blockers, acetylsalicylic
acid and statins. Randomized treatment arms (efpeglenatide vs placebo) were well-balanced
among patients receiving and not receiving SGLT2 inhibitors at baseline (Supplemental
Table 1).

Benefit of efpeglenatide in patients receiving and not receiving concomitant SGLT2
inhibitors at enroliment

As previously reported,'? during a median follow-up of 1.81 years in the entire trial cohort,
efpeglenatide reduced MACE by 27% (HR 0.73; 95% CI, 0.58-0.92), expanded MACE by
21% (0.79; 0.65-0.96), the renal composite outcome by 32% (0.68; 0.57-0.79), MACE or
non-CV death by 27% (0.73; 0.59-0.91) and heart failure hospitalization by 39% (0.61; 0.38-
0.98). Corresponding effect estimates among patients receiving and not receiving SGLT2
inhibitors at baseline are shown in Figure 1 with details in Supplemental Table 2. While
Kaplan Meier curves suggested a smaller efpeglenatide effect on the MACE outcomes, and a
larger effect for the renal composite outcome and heart failure among patients receiving
SGLT2 inhibitors at baseline (Figure 1), there was no statistical evidence of a difference in
the effect of efpeglenatide on these outcomes in the presence or absence of baseline SGLT2
inhibitors (all interaction P >0.20). The absence of any interaction persisted after accounting
for heart rate as a time-varying covariate (Supplemental Table 3).

Similar findings were noted after assessing the effect of post-randomization drop-in of
SGLT?2 inhibitors in sensitivity analyses (Supplemental Table 4). At the final trial visit, 475
(17.5%) of patient in the efpeglenatide groups (pooled doses) vs 288 (21.2%) patients in the
placebo group were receiving concomitant SGLT2 inhibitor therapy.(12) In subgroup
analyses including all patients ever exposed to SGLT2 inhibitors from baseline to final visit
in the SGLT2 inhibitor group, the benefit of efpeglenatide vs placebo on the primary

(MACE) and secondary outcomes (expanded MACE, renal composite outcome, MACE or
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non-CV death, heart failure hospitalizations) remained unchanged and did not differ by
SGLT?2 inhibitor use (all interaction P >0.30). Similar results were obtained following right-
censoring at SGLT2 inhibitor drop-in (all interaction P >0.2). Accounting for the differential
drop-in of SGLT2 inhibitor use by inverse probability for treatment weighting, the benefit of
efpeglenatide on MACE, expanded MACE, MACE or non-CV death and heart failure
hospitalizations remained unchanged; however the benefit on the renal composite endpoint
appeared greater in those exposed to SGLT2 inhibitor during the course of the trial (n=618)
when compared with those not exposed to SGLT2 inhibitor (n=3458) during the course of the
trial (HR efpeglenatide vs placebo 0.52, 95% CI 0.32- 0.84 versus 0.91, 95% CI 0.77- 1.07,
respectively; interaction P =0.021) (Supplemental Table 4).

Effect on Clinical and Biochemical Variables

Baseline SGLT2 inhibitor use did not modify the effects of efpeglenatide on blood pressure,
heart rate, body weight, low density lipoprotein cholesterol, eGFR, and UACR over time (all
interaction P >0.08) (Table 2). The reduction in HbAlc over time with efpeglenatide (vs
placebo) appeared greater in patients not receiving (vs receiving) SGLT2 inhibitors at
baseline (interaction P =0.014). (Table 2).

Adverse events in patients receiving and not receiving concomitant SGL T2 inhibitors at
enrollment

The frequency of discontinuation due to adverse events, severe gastrointestinal events, and
acute renal failure were similarly low in patients receiving and not receiving SGLT2
inhibitors at baseline (Table 3). While patients treated with efpeglenatide had a higher rate of
severe gastrointestinal events compared to those treated with placebo, the frequency of these

events were not influenced by baseline SGLT2 inhibitor use (Table 3).



T20Z ‘0z JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

10.1161.CIRCULATIONAHA.121.057934

Discussion

In this exploratory analysis of AMPLITUDE-O we found that efpeglenatide’s salutary effects
on MACE, expanded MACE, renal composite outcome, MACE or non-CV death, and heart
failure hospitalizations as well as adverse events appeared independent of concurrent SGLT2
inhibitor use, as judged by point estimates in those receiving vs. not receiving baseline
SGLT2 inhibitor and lack of any formal interactions. Similarly, efpeglenatide’s reduction of
blood pressure, body weight, low density lipoprotein cholesterol and UACR appeared to be
independent of concurrent SGLT2 inhibitor use.

Several lines of evidence provide a strong basis for the combined use of GLP-1 RAs
and SGLT2 inhibitors in the treatment of type 2 diabetes and potential additive effect on
glucose-lowering and prevention of cardiorenal events. The two drug classes have distinct
mechanisms of action and complementary CV benefits from clinical trials in diabetes,3
thus raising the possibility that combined therapy may produce more comprehensive
beneficial effects than when either drug class is given alone. Indeed, guidelines and societies
recommend the addition of SGLT2 inhibitors after a GLP-1 RA or vice versa for patients
with diabetes, with or at high risk of atherosclerotic CV disease or chronic kidney disease.'’~
20 Although logical, clinical trial evidence to support a recommendation for simultaneous use
of both therapies is lacking. Among prior CV outcome trials, the combined use of both drug
classes was rare -- in GLP-1 RA CV outcomes trials the prevalence of baseline SGLT2
inhibitor use ranged from 0% to 5.3%; similarly in SGLT2 inhibitor CV outcome trials the
prevalence of baseline GLP-1RA use ranged from 2.5% to 4.4%.'~" A recent systematic
review and meta-analysis revealed only seven trials including a total of 1913 adults with type
2 diabetes that compared the combination of a GLP-1 RA and an SGLT2 inhibitor with
placebo or an active control.!! Six out of the seven trials only reported short-term (up to 30

weeks) outcomes mainly limited to surrogate measures such as glycated hemoglobin, body

10
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weight, blood pressure and eGFR. There were too few events of death, myocardial infarction
and stroke to allow meaningful conclusions, and no trial that reported data for heart failure
hospitalizations. Importantly, the meta-analysis showed that combined therapy did not
increase the odds of severe hypoglycaemia compared with either GLP-1 RA or SGLT2
inhibitor alone.!* Our study therefore extends the prior data in showing reduction in clinical
events — including MACE as well as renal outcomes and heart failure hospitalizations — in
patients receiving SGLT2 inhibitors at baseline who were randomized to also receive the
GLP-1 RA efpeglenatide in the setting of the AMPLITUDE-O trial.

Our results are complementary to the analyses from the Dapagliflozin Effect on
Cardiovascular Events (DECLARE)-TIMI 58 trial?* where 750 patients (4.4% of the trial
population) were receiving GLP-1RAs at baseline. Randomization to dapagliflozin vs.
placebo was not stratified by GLP-1RA use at baseline. While the benefits of dapagliflozin
on major adverse CV events were generally consistent regardless of baseline GLP-1RA use,
there appeared to be greater benefit on heart failure hospitalization in the subgroup of patients
with baseline GLP-1 RA use (HR 0.20, 95% CI1 0.07-0.60 vs. 0.77, 95% C1 0.64-0.92 in
GLP-1RA non-users, P for interaction = 0.014). As for renal outcomes, DECLARE-TIMI 58
also showed that the benefit of dapagliflozin was consistent in baseline GLP-1RA users vs.
non-users (HR 0.36, 95% CI 0.11-1.15 vs, 0.54, 95% C1 0.43-0.67 respectively, P for
interaction 0.49). We found remarkably similar results for the estimated benefit of combined
therapy (baseline SGLT2 inhibitor users randomized to efpeglenatide treatment vs. placebo),
with HR 0.23, 95% CI 0.05- 0.97 for heart failure hospitalizations and HR 0.52, 95% ClI
0.33- 0.83 for the renal composite outcome respectively. While we did not demonstrate
statistically significant effect modification for either outcomes, our limited number of events
within the subgroup of baseline SGLT2 inhibitor users (particularly for heart failure

hospitalizations) may have precluded detection of modest interactions. This is reflected in the

11
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wide confidence intervals within the SGLT2 inhibitor subgroup. Further adequately powered
clinical studies on this combination therapy are warranted based on these data.

More recently, a real world observational study using insurance claims databases in
the United States showed that, among people with type 2 diabetes who were already taking
GLP-1 RAs, the addition of SGLT2 inhibitors to GLP-1RA therapy was associated with
lower MACE and heart failure hospitalization compared with initiation of sulfonylureas.??
Despite inherent limitations of observational data and potential for residual confounding, the
study provided support for adding SGLT2 inhibitor to existing GLP-1 RA therapy to reduce
CV events in patients with diabetes. Our data showing that the effect of efpeglenatide on
clinically important outcomes may be independent of the concomitant use of SGLT2
inhibitors provide further support for adding GLP-1 RA to existing SGLT2 inhibitor therapy
in patients with diabetes.

Mechanistically, additive or synergistic effects on renal events may be explained by
the effect of both drug types in reducing urinary protein excretion, slowing the rate of decline
in glomerular filtration rate,?*2* exerting natriuretic actions by inhibiting the sodium-
hydrogen exchanger-3 in the proximal renal tubule,?>and improving nitric oxide—dependent
endothelial function.?® Additive or synergistic effects on heart failure hospitalization may be
explained by a reduction in ischemic heart failure by GLP-1 RAs coupled with beneficial
diuretic, myocardial and anti-inflammatory effects of SGLT2 inhibitors on heart failure
regardless of ejection fraction. The underlying mechanism for attenuated decline in HbAlc
with combined therapy is unclear and unlikely related to lower baseline HbAlc among
patients receiving SGLT2 inhibitors at enrollment (since analyses adjusted for baseline
values). As many interaction P values were computed without adjustment for multiple testing,
the likeliest explanation was chance alone. Indeed, the threshold P value for significance

based on the 10 tests reported in Table 2 would have been 0.05/10 =0.005 which is well

12
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above the observed P value of 0.014. Other possibilities include the higher drop-in of SGLT2
inhibitors in the placebo group or physiological reasons. Our study does not provide
mechanistic details, is limited by small numbers of events in subgroup analyses and low
power to detect small or modest interactions, and does not extend to GLP-1 RAs other than
efpeglenatide. Furthermore, exploratory analyses relating to drop-in SGLT2 inhibitor use are
limited by non-random drop-in and survivor bias associated with starting a new medication.
Yet, our findings are consistent with growing evidence in support of the efficacy and safety
of combined therapy in patients with type 2 diabetes. Of course, a prospective, randomized,
controlled study testing the combination of a GLP-1 RA with a SGLT2 inhibitor vs. each
individual component will provide definitive evidence, but that would be a huge undertaking
that perhaps can only be accomplished with a pragmatic study design.

In conclusion, our exploratory analyses of AMPLITUDE-O showed that the efficacy
and safety of efpeglenatide appeared to be independent of concurrent SGLT2 inhibitor use.
Combined treatment with SGLT2 inhibitors and GLP-1 RAs may be expected to be well-
tolerated and to yield substantial benefits across a wide range of CV outcomes among

patients with type 2 diabetes.

13



T20Z ‘0z JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

10.1161.CIRCULATIONAHA.121.057934

Sources of Funding

The AMPLITUDE-O trial was funded by Sanofi.

Disclosures

CSPL is supported by a Clinician Scientist Award from the National Medical Research
Council of Singapore; has received research support from Bayer and Roche Diagnostics; has
served as consultant or on the Advisory Board/ Steering Committee/ Executive Committee
for Actelion, Amgen, AnaCardio AB, Applied Therapeutics, AstraZeneca, Bayer, Boehringer
Ingelheim, Boston Scientific, Cytokinetics, Darma Inc., EchoNous Inc, Impulse Dynamics,
lonis Pharmaceutical, Janssen Research & Development LLC, Medscape/WebMD Global
LLC, Merck, Novartis, Novo Nordisk, Prosciento Inc, Radcliffe Group Ltd., Roche
Diagnostics, Sanofi and Us2.ai; and serves as co-founder & non-executive director of Us2.ai.
CR has no disclosures to report.

KRHB declares research grants from the NIH, Population Health Research Institute, Bayer,
Sanofi, Eli Lilly, Kestra, Medic One Foundation; consulting fees from Bayer, Janssen,
Amgen, Kestra, Hanmi.NS has consulted for Abbott, Amgen, AstraZeneca, Boehringer
Ingelheim, Eli Lilly, Hanmi, MSD, Novartis, Novo Nordisk, Pfizer, and Sanofi; and received
grant support from AstraZeneca, Boehringer Ingelheim, Novartis and Roche Diagnostics
outside the submitted work.

JR has participated in advisory Panels for Boehringer Ingelheim Pharmaceuticals, Intarcia
Therapeutics, Inc., Applied Therapeutics, Eli Lilly and Company, Hanmi, Novo Nordisk,
Sanofi, Oramed and Zealand Pharma, and has received research support from Applied
Therapeutics., GlaxoSmithKline, Pfizer Inc., Intarcia Therapeutics, Genentech, Inc., Merck &

Co, Inc., Eli Lilly and Company, Novartis., Novo Nordisk, Sanofi, Hanmi and Oramed.

14



T20Z ‘0z JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

10.1161.CIRCULATIONAHA.121.057934

RP reports grants from Hanmi Pharmaceutical Co.; grants from Janssen; consulting fees from
Merck; grants, speaker fees and consulting fees from Novo Nordisk; consulting fees from
Pfizer; grants from Poxel SA; grants and consulting fees from Sanofi; consulting fees from
Scohia Pharma Inc.; consulting fees from Sun Pharmaceutical Industries. REPs services were
paid for directly to AdventHealth, a nonprofit organization.

SDP declares grants from AstraZeneca and Boehringer Ingelheim; consulting fees from
Applied Therapeutics, AstraZeneca, Boehringer Ingelheim, Eli Lilly and Company, Merck
Sharpe and Dohme, Novartis Pharmaceuticals, Novo Nordisk, Sanofi; honoraria for lectures
from AstraZeneca, Boehringer Ingelheim, Eli Lilly and Company, Merck Sharpe and Dohme,
Novartis Pharmaceuticals, Novo Nordisk and Sanofi.

RDL reports grants and personal fees from Bristol-Myers Squibb, Pfizer, GlaxoSmithKline,
Medtronic PLC, and Sanofi; and personal fees from Amgen, Bayer, and Boehringer
Ingelheim.

EN and NSK are employees of Sanofi Pharmaceuticals, and EN holds stocks of Sanofi.

SB is an employee of Hanmi.

HCG holds the McMaster-Sanofi Population Health Institute Chair in Diabetes Research and
Care. He reports research grants from Eli Lilly and Company, AstraZeneca, Merck, Novo
Nordisk, and Sanofi; honoraria for speaking from AstraZeneca, Boehringer Ingelheim, Eli
Lilly and Company, Novo Nordisk, Zuellig, Roche and Sanofi; and consulting fees from
Abbott, AstraZeneca, Boehringer Ingelheim, Eli Lilly and Company, Merck, Novo Nordisk,

Janssen, Sanofi, Kowa, Pfizer, and Viatris.

Supplemental Materials

Supplemental Tables 1-4

15



T20Z ‘0z JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

10.

10.1161.CIRCULATIONAHA.121.057934

References

Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, Lingvay |,
Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J,
Vilsbgll T. Semaglutide and Cardiovascular Outcomes in Patients with Type 2
Diabetes. N Engl J Med 2016;375:1834-1844.

Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JFE, Nauck MA,
Nissen SE, Pocock S, Poulter NR, Ravn LS, Steinberg WM, Stockner M, Zinman B,
Bergenstal RM, Buse JB. Liraglutide and Cardiovascular Outcomes in Type 2
Diabetes. N Engl J Med 2016;54:101.

Hernandez AF, Green JB, Janmohamed S, D’Agostino RB, Granger CB, Jones NP,
Leiter LA, Rosenberg AE, Sigmon KN, Somerville MC, Thorpe KM, McMurray JJV,
Prato S Del, Califf RM, Holman R, DeMets D, Riddle M, Goodman S, McGuire D,
Alexander K, Devore A, Melloni C, Patel C, Kong D, Bloomfield G, Roe M, Tricoci
P, Harrison R, Lopes R, Mathews R, et al. Albiglutide and cardiovascular outcomes in
patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes): a
double-blind, randomised placebo-controlled trial. Lancet 2018;392:1519-1529.
Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, Probstfield
J, Riesmeyer JS, Riddle MC, Ryden L, Xavier D, Atisso CM, Dyal L, Hall S, Rao-
Melacini P, Wong G, Avezum A, Basile J, Chung N, Conget I, Cushman WC, Franek
E, Hancu N, Hanefeld M, Holt S, Jansky P, Keltai M, Lanas F, Leiter LA, Lopez-
Jaramillo P, et al. Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised placebo-controlled trial. Lancet
2019;394:121-130.

Bernard Z, Christoph W, John M L, David F, Erich B, Stefan H, Michaela M, Theresa
D, Odd E J, Hans J W, Uli C B, Silvio E I. Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes. N Engl J Med 2015;373:17-18.

Neal B, Perkovic V, Mahaffey KW, Zeeuw D de, Fulcher G, Erondu N, Shaw W, Law
G, Desai M, Matthews DR. Canagliflozin and Cardiovascular and Renal Events in
Type 2 Diabetes. N Engl J Med 2017;377:644-657.

Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, Silverman MG,
Zelniker TA, Kuder JF, Murphy SA, Bhatt DL, Leiter LA, McGuire DK, Wilding JPH,
Ruff CT, Gause-Nilsson 1AM, Fredriksson M, Johansson PA, Langkilde A-M,
Sabatine MS. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl
J Med 2019;380:347-357.

Kristensen SL, Rerth R, Jhund PS, Docherty KF, Sattar N, Preiss D, Kgber L, Petrie
MC, McMurray JJV. Cardiovascular, mortality, and kidney outcomes with GLP-1
receptor agonists in patients with type 2 diabetes: a systematic review and meta-
analysis of cardiovascular outcome trials. Lancet Diabetes Endocrinol 2019;7:776—
785.

Sattar N, Lee MMY, Kristensen SL, Branch KRH, Prato S Del, Khurmi NS, Lam CSP,
Lopes RD, McMurray JJV, Pratley RE, Rosenstock J, Gerstein HC. Cardiovascular,
mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2
diabetes: a systematic review and meta-analysis of randomised trials. Lancet Diabetes
Endocrinol 2021;9:653-662.

McGuire DK, Shih WJ, Cosentino F, Charbonnel B, Cherney DZI, Dagogo-Jack S,
Pratley R, Greenberg M, Wang S, Huyck S, Gantz I, Terra SG, Masiukiewicz U,
Cannon CP. Association of SGLT2 inhibitors with cardiovascular and kidney
outcomes in patients with type 2 diabetes: A Meta-analysis. JAMA Cardiol
2021;6:148-158.

16



T20Z ‘0z JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

10.1161.CIRCULATIONAHA.121.057934

Mantsiou C, Karagiannis T, Kakotrichi P, Malandris K, Avgerinos I, Liakos A, Tsapas
A, Bekiari E. Glucagon-like peptide-1 receptor agonists and sodium-glucose co-
transporter-2 inhibitors as combination therapy for type 2 diabetes: A systematic
review and meta-analysis. Diabetes, Obes Metab 2020;22:1857-1868.

Gerstein HC, Sattar N, Rosenstock J, Ramasundarahettige C, Pratley R, Lopes RD,
Lam CSP, Khurmi NS, Heenan L, Prato S Del, Dyal L, Branch K. Cardiovascular and
Renal Outcomes with Efpeglenatide in Type 2 Diabetes. N Engl J Med 2021;385:896—
907.

Gerstein HC, Branch K, Heenan L, Prato S Del, Khurmi NS, Lam CSP, Pratley R,
Rosenstock J, Sattar N. Design and baseline characteristics of the AMPLITUDE-O
cardiovascular outcomes trial of efpeglenatide, a weekly glucagon-like peptide-1
receptor agonist. Diabetes, Obes Metab 2021;23:318-323.

Bethel MA, Stevens SR, Buse JB, Choi J, Gustavson SM, Igbal N, Lokhnygina Y,
Mentz RJ, Patel RA, Ohman P, Schernthaner G, Lecube A, Hernandez AF, Holman
RR. Exploring the Possible Impact of Unbalanced Open-Label Drop-In of Glucose-
Lowering Medications on EXSCEL Outcomes. Circulation 2020;1360-1370.

Austin PC. The use of propensity score methods with survival or time-to-event
outcomes: Reporting measures of effect similar to those used in randomized
experiments. Stat Med 2014;33:1242-1258.

Austin PC, Stuart EA. Moving towards best practice when using inverse probability of
treatment weighting (IPTW) using the propensity score to estimate causal treatment
effects in observational studies. Stat Med 2015;34:3661-3679.

Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, D’Alessio DA,
Davies MJ. 2019 update to: Management of hyperglycemia in type 2 diabetes, 2018. A
consensus report by the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetes Care 2020;43:487-493.
Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, Federici M,
Filippatos G, Grobbee DE, Hansen TB, Huikuri H V., Johansson I, Juni P, Lettino M,
Marx N, Mellbin LG, Ostgren CJ, Rocca B, Roffi M, Sattar N, Seferovic PM, Sousa-
Uva M, Valensi P, Wheeler DC, Piepoli MF, Birkeland KI, Adamopoulos S, Ajjan R,
Avogaro A, Baigent C, et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases developed in collaboration with the EASD. Eur Heart J
2020;41:255-323.

Association AD. Cardiovascular disease and risk management: Standards of medical
care in diabetesd 2021. Diabetes Care 2021;44:S125-S150.

Association AD. Pharmacologic approaches to glycemic treatment: Standards of
medical care in diabetesd2021. Diabetes Care 2021;44:S111-S124.

Cahn A, Wiviott SD, Mosenzon O, Murphy SA, Goodrich EL, Yanuv |, Rozenberg A,
Wilding JPH, Leiter LA, Bhatt DL, McGuire DK, Litwak L, Kooy A, Gause-Nilsson
IAM, Fredriksson M, Langkilde AM, Sabatine MS, Raz I. Cardiorenal outcomes with
dapagliflozin by baseline glucose-lowering agents: Post hoc analyses from
DECLARE-TIMI 58. Diabetes, Obes Metab 2021;23:29-38.

Dave C V., Kim SC, Goldfine AB, Glynn RJ, Tong A, Patorno E. Risk of
Cardiovascular Outcomes in Patients with Type 2 Diabetes after Addition of SGLT2
Inhibitors Versus Sulfonylureas to Baseline GLP-1RA Therapy. Circulation
2021;143:770-779.

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, Eynatten M von, Mattheus M,
Johansen OE, Woerle HJ, Broedl UC, Zinman B. Empagliflozin and Progression of
Kidney Disease in Type 2 Diabetes. N Engl J Med 2016;375:323-334.

Mann JFE, @rsted DD, Brown-Frandsen K, Marso SP, Poulter NR, Rasmussen S,

17



T20Z ‘0z JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

25.

26.

10.1161.CIRCULATIONAHA.121.057934

Tornge K, Zinman B, Buse JB. Liraglutide and Renal Outcomes in Type 2 Diabetes. N
Engl J Med 2017;377:839-848.

Packer M. Activation and Inhibition of Sodium-Hydrogen Exchanger Is a Mechanism
That Links the Pathophysiology and Treatment of Diabetes Mellitus With That of
Heart Failure. Circulation 2017;136:1548-1559.

Busch RS, Kane MP. Combination SGLT2 inhibitor and GLP-1 receptor agonist
therapy: a complementary approach to the treatment of type 2 diabetes. Postgrad Med
2017;129:686-697.

18



T20Z ‘0z JequenoN uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Table 1. Baseline characteristics of patients taking and not taking SGLT2 inhibitors at recruitment

10.1161.CIRCULATIONAHA.121.057934

No Baseline SGLT?2 inhibitors Baseline SGLT2 inhibitors P value

[N (%) or Mean %(SD)] [N (%) or Mean %(SD)]
Randomized 3458 618
Age (years) 64.63+ 8.27 64.04+ 8.05 0.103
Females 1170 (33.83) 174 (28.16) 0.005
Region: Canada/US 831 (24.03) 248 (40.13) <0.001
Mexico/South America 879 (25.42) 45 (7.28)
Europe 1024 (29.61) .261 (42.23)
Other 724 (20.94) 64 (10.36)
White Ancestry 3010 (87.04) | 524 (84.79) 0.128
Diabetes Duration 15.27+ 8.84 16.19+ 8.49 0.004
Current tobacco Use 541 (15.64) 92 (14.89) 0.631
Prior cardiovascular disease 3101 (89.68) 549 (88.83) 0.529
eGFR <60 ml/min/1.73m? 1101 (31.86) 186 (30.10) 0.385
Prior CVD & eGFR <60 ml/min/1.73m? | 764 (22.11) 124 (20.06) 0.257
Prior heart failure 652 (18.85) 85 (13.75) 0.002
Prior hypertension 3168 (91.61) 554 (89.64) 0.109
Prior diabetic retinopathy” 1138 (32.91) 204 (33.01) 0.960
Body Mass Index (kg/m?) 32.68+6.14 32.79+ 6.20 0.762
Heart Rate (beats/min) 72.78+10.53 72.82+11.12 0.931
Systolic BP 135.4+15.54 131.8+15.06 <0.001
Diastolic BP 76.92+ 9.69 75.56+ 9.92 0.001
HbA1c (%) 8.97+ 1.51 8.57+1.23 <0.001
eGFR (ml/min/1.73m?) 72.19+22.62 73.64+21.03 0.173
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No Baseline SGLT2 inhibitors Baseline SGL T2 inhibitors P value
[N (%) or Mean +(SD)] [N (%) or Mean +(SD)]
Albuminuria (%) 1718 (49.71) 259 (41.91) <0.001
UACR (mg/mmol)* 3.28 (1.13-14.01) 2.49 (1.02-7.68) <0.001
Cholesterol (mmol/L) 4.23+1.23 4,10+ 1.26 <0.001
LDL cholesterol (mmol/L) 2.11+0.97 1.85+ 0.97 <0.001
HDL cholesterol (mmol/L) 1.11+0.30 1.10+0.32 0.298
Median triglycerides (mmol/L) 1.89 (1.36-2.69) 2.12 (1.44-3.22) <0.001
Any Insulin 2181 (63.07) 379 (61.33) 0.408
Metformin 2466 (71.31) .519 (83.98) <0.001
Any Sulfonylurea 882 (25.51) | 154 (24.92) 0.757
No glucose-lowering drug 85 (2.46) | 0 (0.0(5 | |
ACE-lor ARBOr ARNi 2752 (79.58) 510 (82.52) B 0.092
Beta Blocker 2260 (65.36) \ W 410 (66.34) ) B | 0634 h
Statin 2766 (79.99) M 528 (85.44) - o001
Fibrate y 291 (8.42) y % 59 (9.55) ~ losss
Acetylsalicylic acid 2345 (67.81) 4236845y  |o7ts6
Other antiplatelet drugs 896 (25.91) 153 (24.76) 0.545

T20Z ‘0z JequenoN uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

*Diabetic Retinopathy definition includes Reported Diabetic Retinopathy, Vitrectomy, Diabetic laser therapy, or Anti-vascular Endothelial Growth Factor Injections

tUrine albumin:creatinine ratio > = 3.39 g/mol

tUrine albumin:creatinine ratio, expressed as median (25™ — 75" percentile)

P values refer to the difference between patients treated or not treated with a SGLT2 inhibitor at baseline, combining patients in the two randomized treatment groups.

eGFR, estimated glomerular filtration rate; CVD, cardiovascular disease; UACR, urinary albumin:creatinine ratio; LDL, low density lipoprotein cholesterol; HDL, high density lipoprotein
cholesterol; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor.

For continuous variables used two-sample test for normally distributed (age, heart rate, systolic and diastolic blood pressure, eGFR), Wilcoxen for non-normally distributed (diabetes duration,
cholesterol, LDL, HDL, triglycerides) and used chi-square test of homogeneity for categorical variables.
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Table 2. Changes of clinical and biochemical variables from baseline with Efpeglenatide (4/6 mg) in patients taking and not taking SGLT2
inhibitors at baseline

No Baseline SGLT2 inhibitors Baseline SGLT2 inhibitors
. Adjusted . Adjusted . :

Efpeglenatide | Placebo LSM Differences (95%CI) Efpeglenatide | Placebo LSM Differences (95%CI) Interaction P-value
Variable LS Mean (SE) |LS Mean (SE) LS Mean (SE) |LS Mean (SE)
HbAlc(%) 143 (0.07)  |-0.16 (0.07)  |-1.27 (-1.36- -1.19) 1.29(0.07)  |-0.23(0.09)  |-1.06 (-1.21- -0.91) 0.014
SBP(mmHg) -2.39(0.68)  |-0.80(0.73) | -1.59 (-2.37- -0.82) -2.42(0.90) | -1.51(1.09)  |-0.91 (-2.75-0.92) 0.212
DBP(mmHg) 0.36 (0.41) -0.14 (0.44) 1050 (0.03-0.97) 0.98 (0.53) 0.08 (0.63) 0.90 (-0.16-1.96) 0.257
Change in SBP(mmHg)- i ) ) : N i ) i : 4
DBPGnmHY) from Baseline | 274 (058) 0.64 (0.62) 2.10 (-2.76- -1.44) 3.30 (0.74) 1.43 (0.90) 1.87 (-3.37--0.37) 0.546
Change in Heart
Rate(beats/min) from Baseline | 469 0:45) 0.75 (0.49) 3.94 ( 3.43-4.45) 5.05 (0.59) 1.43 (0.70) 3.62 (2.46-4.78) 0.854
ggg:l?ﬁe'” BMitkg/m)from | 1 54 0.09)  -032(0.10)  |-0.92 (-1.04- -0.80) 1.08(0.10)  |-0.16 (0.12)  |-0.92 (-1.15- -0.68) 0.578
gzg:l?ﬁe'” Weight(kg) from | 3 450.27)  |-0.86 (0.29)  |-2.59 (-2.93- -2.25) -3.06 (0.28)  |-0.42(0.36)  |-2.64 (-3.32- -1.97) 0.641
gzg:l?ﬁe'” LDL(mmolL)from | 5 05 0.04)  0.03(0.05) |-0.07 (-0.12- -0.02) 012 (0.06)  |-0.04(0.07)  |-0.09 (-0.21-0.03) 0.600
Change I e T -4.43 (0.62) 0.78 ( 0.12-1.45) -0.40 (0.79) -1.91 (0.95) 152 (-0.14-3.17) 0.768
m) from Baseline
Change in Ln(UACR)(@/mol) | 651 09y |0.84(110) | 0.78 (0.70-0.86) 069(112)  |0.78(113)  |0.89(0.71-1.10) 0.080
from Baseline

Fixed effects in the model are: treatment, region, stratification factors and baseline score. LS = least squares. LSM = least squares mean. SE = standard error.
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL, low density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UACR, urinary
albumin:creatinine ratio.
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Table 3. Frequency of selected adverse events in placebo and efpeglenatide-treated patients, according to baseline SGLT2 inhibitor use

10.1161.CIRCULATIONAHA.121.057934

No Baseline SGLT2 inhibitors

Baseline SGLT2 inhibitors

[N (%)] [N (%)]

Efpeglenatide 4/6mg | Placebo Efpeglenatide 4/6mg | Placebo
Randomized 2305 1153 412 206
Discontinuation for adverse events 131 (5.68) 35 (3.04) 16 (3.88) 14 (6.80)
Severe Gastrointestinal Event 75 (3.25) 19 (1.65) 15 (3.64) 6 (2.91)
Constipation, Diarrhea, Nausea, or Bloating 24 (1.04) 3(0.26) 4(0.97) 1(0.49)
Vomiting 4(0.17) 1 (0.09) 0 (0.00) 1(0.49)
Other Severe Gastrointestinal Event 48 (2.08) 15 (1.30) 11 (2.67) 4(1.94)
Acute Renal Failure 82 (3.56) 28 (2.43) 6 (1.46) 11 (5.34)
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Figure Legend

Figure 1.

Hazards plots showing the cumulative risk of (A) major adverse cardiovascular events
(MACE), (B) expanded MACE, (C) renal composite outcome of incident macroalbuminuria,
a decline in eGFR by > 40% for > 30 days, renal replacement therapy for > 90 days, or an
e¢GFR < 15 ml/min/1.73 m? for > 30 days, (D) MACE or non-cardiovascular death, and (E)

heart failure hospitalizations; in patients taking and not taking SGLT2 inhibitors at baseline
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