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Abstract

Aim: To assess selected cardiorenal outcomes with ertugliflozin according to use of
baseline glucose-lowering agent.

Materials and Methods: VERTIS CV was a cardiovascular (CV) outcome trial for
ertugliflozin versus placebo, conducted in patients with type 2 diabetes and
established atherosclerotic CV disease. The primary outcome was time to the
first event of CV death, myocardial infarction or stroke (major adverse CV events
[MACE]), with other CV outcomes also assessed. Outcomes were analysed using
Cox proportional hazards models stratified by baseline use of metformin, insulin,
sulphonylureas (SUs) and dipeptidyl peptidase-4 (DPP-4) inhibitors, with interac-
tion testing to assess for treatment effect modification. Changes from baseline
in glycaemic, metabolic and haemodynamic variables were also assessed.

Results: Of 8246 randomized patients, at baseline 6286 (76%) were on metformin,
3898 (47%) were on insulin, 3383 (41%) were on SUs and 911 (11%) were on
DPP-4 inhibitors, alone or in combination therapy (67% used >1 glucose-lowering
agent at baseline). For each glucose-lowering agent evaluated, no evidence for
effect modification was observed for MACE by baseline use of metformin (with:
hazard ratio [HR] 0.92, 95% confidence interval [CI] 0.790, 1.073; without: 1.13,
95% Cl 0.867, 1.480), insulin (with: HR 0.91, 95% CI 0.765, 1.092; without: 1.06,
95% Cl 0.867, 1.293), SUs (with: HR 1.11, 95% Cl 0.890, 1.388; without: 0.90,
95% CI 0.761, 1.060) or DPP-4 inhibitors (with: HR 0.77, 95% Cl 0.502, 1.173;
without: 1.00, 95% CI 0.867, 1.147) (all Pinteraction > 0.05). Similar results were
observed for all secondary outcomes analysed.

Conclusion: In VERTIS CV, the effects of ertugliflozin on cardiorenal outcomes were
consistent across subgroups of patients stratified by baseline glucose-lowering agent.
ClinicalTrials.gov identifier: NCT01986881
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1 | INTRODUCTION

Patients with type 2 diabetes mellitus (T2DM) often require combination
therapy with oral glucose-lowering agents due to disease progression.t
Sodium-glucose cotransporter 2 (SGLT2) inhibitors are effective as add-
on treatment for patients with T2DM inadequately controlled on
glucose-lowering agents. SGLT2 inhibitors are not associated with
hypoglycaemia when administered as monotherapy or in combination
with other agents that by themselves do not cause hypoglycaemia.? In
patients with T2DM, SGLT2 inhibitors also provide modest reductions in
body weight and blood pressure.® In addition to providing glycaemic con-
trol, large cardiovascular (CV) outcome trials (CVOTSs) have demonstrated
that SGLT2 inhibitors reduce the risk of CV events, including hospitaliza-
tion for heart failure (HHF), and preserve kidney function.*** The major-
ity of patients with T2DM included in CVOTSs had been taking at least
one glucose-lowering agent at baseline, with up to 82% of patients on
metformin, 50% on insulin, 43% on sulphonylureas (SUs) and 17% on
dipeptidyl peptidase-4 (DPP-4) inhibitors across CVOTs with SGLT2
inhibitors.*%1° Given the high proportion of patients on glucose-
lowering agents at baseline in these studies, it is of interest to explore
whether cardiorenal outcomes of SGLT2 inhibitors are influenced by
background antihyperglycaemic treatment.

VERTIS CV was a CVOT for the SGLT2 inhibitor ertugliflozin in
patients with T2DM and atherosclerotic CV disease (ASCVD).'° These
post hoc analyses evaluated selected CV and kidney outcomes in
patients with T2DM and ASCVD treated with different glucose-
lowering agents at enrolment in the VERTIS CV trial.

2 | MATERIALS AND METHODS

21 | Study overview

VERTIS CV (ClinicalTrials.gov identifier: NCT01986881) was a multi-
centre, randomized, double-blind, placebo-controlled, parallel-group,
event-driven study.'®'? Participants were eligible if they were aged
240 years with T2DM (glycated haemoglobin [HbA1c] 53-91 mmol/
mol [7.0%-10.5%), inclusive), and had stable, established ASCVD involv-
ing the coronary, cerebrovascular and/or peripheral arterial systems.
The VERTIS CV trial was conducted in compliance with the ethical prin-
ciples of the Declaration of Helsinki and in compliance with all Interna-
tional Conference on Harmonisation Good Clinical Practice Guidelines.
The final protocol and informed consent documentation were reviewed
and approved by the institutional review board or independent ethics
committee at each investigational centre. Written informed consent
was obtained from all participants. Patients were randomly assigned

(1:1:1) to oral, once-daily ertugliflozin 5 mg, 15 mg or placebo.

2.2 | Assessment of outcomes

In these analyses, patients were stratified by use of selected glucose-

lowering agents at baseline. The primary outcome was major adverse

CV events (MACE), a composite of death from CV causes, nonfatal
myocardial infarction or nonfatal stroke. The secondary outcomes
were: a composite of death from CV causes or HHF; death from CV
causes; a composite of death from kidney causes, kidney replacement
therapy or doubling of the serum creatinine level; and HHF. An
additional exploratory efficacy outcome was a kidney-specific com-
posite outcome of a sustained decrease of 40% or more in estimated
glomerular filtration rate (eGFR) to less than 60 mL/min/1.73 m?, new
end-stage kidney disease or death from kidney causes. Subgroup ana-
lyses were conducted according to baseline use (Yes/No) of glucose-
lowering agent (metformin, insulin, SUs and DPP-4 inhibitors). An
assessment of outcomes according to the number of glucose-lowering
agents used at baseline was also conducted. Changes from baseline in
HbA1c, body weight, systolic blood pressure (SBP), eGFR and urine

albumin to creatinine ratio (UACR) were also assessed.

2.3 | Statistical analyses

Baseline characteristics are reported as frequencies and percentages for
categorical variables and as mean and standard deviation (SD) for contin-
uous variables. The data from the two ertugliflozin dose groups were
prespecified to be pooled for the assessment of CV and kidney out-
comes. For each baseline glucose-lowering agent, the effect of
ertugliflozin on the efficacy outcome was assessed using a Cox propor-
tional hazards model including terms for treatment (all ertugliflozin
vs. placebo), subgroup (use vs. non-use of glucose-lowering agent at
baseline) and the interaction of treatment by subgroup. Analysis of the
primary outcome was performed with data from all the patients who had
undergone randomization and received at least one dose of ertugliflozin
or placebo and included events that occurred up to 365 days after the
confirmed last dose. The analyses of the secondary outcomes were per-
formed on an intention-to-treat basis, using all patients who had under-
gone randomization, and all time on-study for each patient. To test for
treatment effect modification of baseline glucose-lowering agent, hazard
ratios (HRs) and 95% confidence intervals (Cls) were determined from
the Cox proportional hazards model, along with the P value for the inter-

action of treatment by baseline use of glucose-lowering agent.

3 | RESULTS

3.1 | Baseline characteristics

In VERTIS CV, a total of 8246 patients with T2DM and ASCVD under-
went randomization; 8238 patients received at least one dose of
ertugliflozin or placebo.’®*? Of the 8246 patients randomized, at
baseline 6286 (76%) used metformin, 3898 (47%) insulin, 3383 (41%)
SUs and 911 (11%) DPP-4 inhibitors, alone or in combination therapy.
Baseline characteristics of patients by glucose-lowering agent use are
shown in Table 1. Some differences were observed when comparing
baseline users versus non-users of each glucose-lowering agent class.

Briefly, baseline eGFR levels were lower in insulin and SU users yet
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higher in metformin users compared with non-users. Baseline UACR
levels were lower in metformin users yet higher in insulin users com-
pared with non-users. Insulin users had a longer disease duration than
non-users. Of the metformin users, 18.3% were on a single glucose-
lowering agent at baseline (ie, metformin monotherapy). Overall, 67%
of all VERTIS CV participants used more than one glucose-lowering
agent at baseline (Table 1).

3.2 | Cardiorenal outcomes

The effects of ertugliflozin on selected prespecified CV and kidney
outcomes in patients with T2DM and prevalent ASCVD were not

modified by baseline use of any of the glucose-lowering agents
(Figure 1). There was no significant difference in the effect of
ertugliflozin on the primary MACE outcome in patients with versus
without metformin (with: HR 0.92 [95% CI 0.790, 1.073]; without:
1.13[95% Cl 0.867, 1.480]), insulin (with: 0.91 [95% Cl 0.765, 1.092];
without: 1.06 [95% Cl 0.867, 1.293]), SU (with: 1.11 [95% CI 0.890,
1.388; without: 0.90 [95% Cl 0.761, 1.060]) or DPP-4 inhibitor use
(with: 0.77 [95% Cl 0.502, 1.173; without: 1.00 [95% CI 0.867,
1.147]) (all interaction P > 0.05).

Findings for secondary outcomes were similar for each baseline
glucose-lowering agent class evaluated. There was no significant
difference in the effect of ertugliflozin on HHF in patients treated
with versus without metformin (with: HR 0.69 [95% CI 0.503, 0.940];

By BL use of metformin By BL use of insulin
BL ERTU PBO Hazard ratio P value for BL ERTU PBO Hazard ratio P value for
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death No 279/3234 86 172/1629 10.6 | 0.80 (0.665,0.973) No 415/4881 8.5 2252454 9.2 rul 0.92(0.785,1.085)
CV death Yes 135/2265 60 58/1118 52 Hmt 1160856, 1.584) Yes 20/618 32 141293 4.8 —a— 067(0339,1329)
No 206/3234 6.4 126/1629 7.7 . 0.81(0.651,1.014) No 321/4881 6.6 1702454 6.9 - 0.95(0.787,1.142)
HHF Yes 48/2265 21 26/1118 23 e 0.91(0567,1473) (o Yes 13/618 24  14/203 48 +——=—— 0.43(0.202,0016) (o
No 91/3234 28 73/1629 45 —.— 062 (0.456,0.845) No 126/4881 26 852454 35 —-— 074 (0.564,0978)
Kidney composite ~ Yes 61/2265 27 34/1118 3.0 —a— 0.89(0.585, 1.354) Yes 27/618 44 16293 55 — 0.79 (0.425, 1.464)
(2x serum Cr) No 114/3234 35 74/1629 45 —a 077 (0.575,1.032) 098 No 148/4881 30 92/2454 38 . 0.81(0.623, 1.049) 094
Kidney composite ~ Yes 44/2265 1.9 24/1118 22 —=— 0.92(0.559, 1.513) Yes 16/618 26 5293 1.7 ———=———— 1.52(0.556, 4.145)
(f%;‘;s'ai"ed No 69/3234 21 61/1629 3.7 o 056 (0.397,0.791) 011 No 97/4881 2.0 80/2454 33 ] 0.61(0452,0817) 009
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FIGURE 1 Cardiovascular (CV) and kidney outcomes with ertugliflozin versus placebo by baseline (A) metformin and insulin,

(B) sulphonylurea (SU) and dipeptidyl peptidase-4 (DPP-4) inhibitor use. The analysis of major adverse CV events (MACE) was performed with
data from all the patients who had undergone randomization and received at least one dose of ertugliflozin (n = 5493) or placebo (n = 2745). For
patients who permanently discontinued the trial regimen prematurely, only MACE that occurred up to 365 days after the confirmed last dose
were included in the primary analysis. The analyses of the other outcomes were performed on an intention-to-treat basis with data from all the
patients who had undergone randomization to receive ertugliflozin (n = 5499) or placebo (n = 2747), and all time on-study for each patient. The
interaction P value is shown for the two-level treatment group (all ertugliflozin vs. placebo). BL, baseline; Cl, confidence interval; Cr, creatinine;
eGFR, estimated glomerular filtration rate; ERTU, ertugliflozin; HHF, hospitalization for heart failure; PBO, placebo
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without: 0.71 [95% CI 0.449, 1.117]), insulin (with: 0.65 [95% ClI
0.475, 0.882]; without: 0.87 [95% Cl 0.543, 1.390]), SUs (with: 0.91
[95% Cl 0.567, 1.473]; without: 0.62 [95% Cl 0.456, 0.845]) or DPP-4
inhibitors (with: 0.43 [95% Cl 0.202, 0.916]; without: 0.74 [95% CI
0.564, 0.978]) (all interaction P >0.05). Also, the effects of
ertugliflozin on the kidney composite outcome of death from kidney
causes, kidney replacement therapy, or doubling of the serum creati-
nine level were similar in patients with versus without metformin
(with: HR 0.86 [95% Cl 0.634, 1.160]; without: 0.71 [95% Cl 0.481,
1.062]), insulin (with: 0.80 [95% Cl 0.591, 1.093]; without: 0.84 [95%
Cl 0.572, 1.232]), SU (with: 0.89 [95% Cl 0.585, 1.354]; without: 0.77
[95% CI 0.575, 1.032]) or DPP-4 inhibitor use (with: 0.79 [95% ClI
0.425, 1.464]; without: 0.81 [95% Cl 0.623, 1.049]) (all interaction
P > 0.05), as was the effect on the kidney composite outcome of a
sustained decrease of 40% or more in eGFR to less than 60 mL/
min/1.73 m?, new end-stage kidney disease, or death from kidney causes
(metformin, with: HR 0.64 [95% Cl 0.460, 0.894], without: 0.71 [95% Cl
0.420, 1.211]; insulin, with: 0.62 [95% Cl 0.420, 0.919], without: 0.71
[95% CI 0.476, 1.072]; SUs, with: 0.92 [95% Cl 0.559, 1.513], without:
0.56 [95% Cl 0.397, 0.791]; DPP-4 inhibitors, with: 1.52 [95% CI 0.556,
4.145], without: 0.61 [95% Cl 0.452, 0.817]) (all interaction P > 0.05).

There was no significant difference in the effect of ertugliflozin ver-
sus placebo on cardiorenal outcomes by the number of glucose-lowering
agents used at baseline (all interaction P > 0.05; data not shown).

3.3 | Metabolic outcomes

Reductions in HbAlc, body weight and SBP were greater with
ertugliflozin versus placebo over the study duration and the magni-
tude of ertugliflozin's efficacy were not notably different across these
clinical assessments based on baseline treatment with metformin,
insulin, SUs or DPP-4 inhibitors (Figures S1-S3).

3.4 | Renal function

The overall pattern of eGFR changes with ertugliflozin versus placebo
over the course of the study was consistent across all drug classes of
baseline glucose-lowering agents. An initial decline in eGFR was
observed with ertugliflozin versus placebo, with subsequent stabilization
of eGFR levels, and final eGFR levels at Year 5 were higher with
ertugliflozin versus placebo (Figure 2). The pattern of change in UACR
levels over the course of the study was consistent across all classes of
baseline glucose-lowering agent. Ertuglifiozin was associated with a
reduction in UACR versus placebo across the different glucose-lowering

agent classes, which persisted for the duration of the study (Figure S4).

4 | DISCUSSION

These post hoc analyses demonstrated that the effects of ertugliflozin
on prespecified CV and kidney outcomes in patients with T2DM and
prevalent ASCVD were consistent across participants stratified by
baseline glucose-lowering agent use. No significant difference was
observed in the effect of ertugliflozin on the primary MACE outcome
across baseline glucose-lowering agent use. Notably, the reductions in
risk for HHF and the kidney composite outcome of a sustained
decrease of 40% or more in eGFR to less than 60 mL/min/1.73 m?,
new end-stage kidney disease or death from kidney causes observed
with ertugliflozin versus placebo in the overall VERTIS CV popula-
tion101113 \were observed, regardless of baseline glucose-lowering
agent. These data support the concept that the beneficial effect of
ertugliflozin is consistent irrespective of therapeutic agent(s) used as
baseline medication.

The results observed in this study align with analyses of CVOTs
of other SGLT2 inhibitors. In a prespecified analysis of the EMPA-
REG OUTCOME trial, the addition of empagliflozin to existing
glucose-lowering regimens of patients with T2DM and CV disease
reduced their risks of adverse CV outcomes and mortality irrespective
of baseline use of metformin, SUs or insulin.2* However, in that study,
there was a suggestion that empagliflozin may have a greater benefit
of attenuating chronic kidney disease progression in patients not tak-
ing metformin at baseline. In a post hoc analysis of DECLARE TIMI
58, the effects of dapagliflozin on cardiorenal outcomes in patients
with T2DM and ASCVD or multiple risk factors for CV disease were
reported to be consistent regardless of baseline use of metformin,
SUs, DPP-4 inhibitors or insulin.*®

In keeping with previously published VERTIS studies, ertugliflozin
led to greater reductions in HbAlc, body weight and SBP compared with
placebo.’®?2 These reductions were irrespective of baseline glucose-
lowering agent, supporting the glycaemic, metabolic and haemodynamic
benefits of adding ertugliflozin to any existing glucose-lowering regi-
mens. Changes in HbA1c, body weight and SBP with ertugliflozin versus
placebo in each baseline glucose-lowering agent class were similar to
those observed in the overall VERTIS CV population.*®

The pattern of initial dip in eGFR with ertugliflozin treatment in
all baseline glucose-lowering agent drug classes, followed by stabiliza-
tion, is consistent with the results from the overall VERTIS CV popula-
tion.?* The change in UACR in all baseline glucose-lowering agent
classes observed in these analyses is also consistent with the results
from the overall VERTIS CV population.!? The slowing of eGFR
decline and lowering of UACR has also been reported with other
SGLT2 inhibitors,>%2324 with an analysis of the DECLARE TIMI study
by baseline glucose-lowering agent showing similar results.®

Together with the reduction in risk for the composite kidney outcome,

FIGURE 2 Changes in estimated glomerular filtration rate (eGFR) over time with ertugliflozin versus placebo by baseline (A) metformin,
(B) insulin, (C) sulphonylurea (SU) and (D) dipeptidyl peptidase-4 (DPP-4) inhibitor use. Mean (standard deviation [SD]) baseline eGFR levels by
treatment are shown in the key for each baseline glucose-lowering class. N is the number of patients without missing data at each time point. BL,

baseline; ERTU, ertugliflozin; PBO, placebo; SE, standard error
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these data emphasize the effectiveness of SGLT2 inhibitors in reduc-
ing the risk for progression of diabetic kidney disease, regardless of
choice of initial glucose-lowering therapy.

International guidelines for patients with T2DM have been
updated over recent years not only to reflect the greater choice of
therapies but also to recognize the results from the recent CVOTs of
SGLT2 inhibitors and glucagon-like peptide-1 (GLP-1) receptor ago-
nists. Some differences in the role of metformin as first-line therapy
exist between the recommendations from the American Diabetes
Association (ADA) and European Association for the Study of Diabe-
tes (EASD), Kidney Disease Improving Global Outcomes (KDIGO) and
the 2019 guidelines from the European Society of Cardiology
(ESC).2>27 While current clinical practice recommendations from the
ADA propose a patient-centric approach to guide the choice of phar-
macological agents, with considerations such as CV and kidney com-
orbidities, hypoglycaemia risk, impact on weight, cost, risk of side
effects and patient preferences, metformin is still the preferred initial
pharmacological agent for the treatment of patients with T2DM.%°
However, the results from the present analyses, together with data
from the analyses of the EMPA-REG OUTCOME" and DECLARE
TIMI 585 trials by baseline glucose-lowering agent, suggest no differ-
ence in outcomes with or without metformin use and therefore add
support to the use of SGLT2 inhibitors earlier in the treatment para-
digm. On the basis of CVOTs of SGLT2 inhibitors**! and GLP-1
receptor agonists,2®3? the 2019 ESC guidelines on diabetes and CV
diseases recommended a shift in focus from a glucose-centric to a
cardio-centric approach for patients with ASCVD or at high/very high
CV risk with the initiation of a GLP-1 receptor agonist or a SGLT2
inhibitor in drug-naive patients or the addition of a GLP-1 receptor
agonist or a SGLT2 inhibitor in patients already on metformin.2® From
a kidney perspective, the 2020 KDIGO clinical practice guidelines rec-
ommend metformin and an SGLT2 inhibitor as first-line treatment in
patients with T2D and chronic kidney disease.?” The body of scientific
evidence, along with updated guidelines, will help ensure that patients
with T2DM, CV disease, heart failure or chronic kidney disease are
treated with an SGLT2 inhibitor or GLP-1 receptor agonist when
appropriate, independent of background therapy, to optimize cardio-
renal health.®3

There are some potential limitations to the present report. The
VERTIS CV population was predominantly White (88%) and male
(70%) and this should be considered when interpreting the findings
presented. There were some differences in baseline characteristics
between subgroups of patients according to baseline use of glucose-
lowering medications (eg, duration of diabetes and eGFR at enrol-
ment), which might obscure an effect of background medication on
observed ertugliflozin effects. The potential influence of baseline
characteristics on ertugliflozin effects has been further explored in the
case of metformin in a separate analysis using propensity adjustment
by inverse probability of treatment weighting.3* Also, the proportion
of patients treated with GLP-1 at baseline was too small (3.4% in the
overall VERTIS CV population)'© for meaningful subgroup analysis.
Additionally, the present analyses do not consider any changes in

usage or dose of glucose-lowering medication during the study, and

do not include any adjustment for monotherapy versus combination
therapy. Despite these limitations, our findings confirm and extend
those from previous SGLT2 inhibitor outcome trials by showing con-
sistent glycaemic, metabolic, haemodynamic and cardiorenal effects
of ertugliflozin in participants receiving different regimens for
glycaemic control at baseline.

In conclusion, in VERTIS CV, the effects of ertugliflozin on
selected CV and kidney outcomes in patients with T2DM and preva-
lent ASCVD were not modified by baseline use of glucose-lowering
agent. The magnitude of the reductions in HbAlc, body weight, SBP,
eGFR and UACR with ertugliflozin were not notably different across
baseline glucose-lowering agent class.
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