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Abstract

This study compared initiation of insulin and other antihyperglycaemic agents (AHAs)

with canagliflozin versus placebo for participants with type 2 diabetes and a history/

high risk of cardiovascular disease in the CANagliflozin cardioVascular Assessment

Study (CANVAS) Program. After 1 year, fewer participants treated with canagliflozin

versus placebo initiated any AHA (7% vs. 16%), insulin (3% vs. 9%) or any non-insulin

AHA (5% vs. 12%) (P < .001 for all); overall AHA initiation rates increased over time

but were consistently lower with canagliflozin compared with placebo. During the

study, the likelihood of initiating insulin was 2.7 times lower for participants treated

with canagliflozin compared with placebo (hazard ratio, 0.37; 95% CI: 0.31, 0.43;

P < .001). The time difference between 10% of patients in the canagliflozin and pla-

cebo groups being initiated on insulin from the beginning of the trial was about

2 years. Time to initiation of other AHAs, including metformin, dipeptidyl peptidase-4

inhibitors, glucagon-like peptide-1 receptor agonists and sulphonylureas, was also

delayed for canagliflozin versus placebo (P < .001 for each). Compared with placebo,

canagliflozin delayed the need for initiation of other AHAs and delayed time to insulin

therapy, an outcome that is important to many people with diabetes.
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1 | INTRODUCTION

Canagliflozin is a sodium glucose co-transporter 2 (SGLT2) inhibitor

that lowers blood glucose, body weight and blood pressure across a

broad range of patients with type 2 diabetes.1 In the CANagliflozin

cardioVascular Assessment Study (CANVAS) Program, canagliflozin

reduced the risk of the composite of cardiovascular death, non-fatal

myocardial infarction or non-fatal stroke compared with placebo in

patients with type 2 diabetes and established cardiovascular disease

or high cardiovascular risk.2 At baseline, 50% of CANVAS Program

participants were on insulin, and nearly all participants (99%) were

treated with at least one antihyperglycaemic agent (AHA).3 Overall,

19% were on one AHA, 44% were on two AHAs and 36% were on ≥3

AHAs at baseline. During the course of the CANVAS Program, 22% of

participants initiated new AHAs. A higher proportion of participants

on placebo initiated new AHAs versus canagliflozin, but details of the

timing of initiation for specific classes of AHAs have not been

reported.3 The objectives of this study were to examine the impact of

canagliflozin versus placebo on initiation of insulin and other AHAs in

the CANVAS Program and to quantify the extent to which can-

agliflozin spares the need for initiation of insulin.

2 | METHODS

2.1 | Ethics

CANVAS and CANVAS-R were approved by the ethics committees at

each site, and all participants provided written informed consent. All

the procedures were in accordance with the principles of the Helsinki

Declaration of 1964, as revised in 2013.

2.2 | Study design and participants

The CANVAS Program consisted of two multicentre, double-blind,

placebo-controlled, randomized trials: CANVAS and CANVAS-Renal

(CANVAS-R; ClinicalTrials.gov registration no. NCT01032629,

NCT01989754). The design, methods and primary results of the CAN-

VAS Program have been published.2,4–6 Eligible participants had type

2 diabetes (glycated haemoglobin ≥7.0% and ≤10.5%) and were either

≥30 years of age with a history of symptomatic atherosclerotic cardio-

vascular disease or ≥50 years of age with ≥2 risk factors for cardiovas-

cular disease. Participants in CANVAS were randomly assigned in a

1:1:1 ratio to canagliflozin 100 or 300 mg or matching placebo; partic-

ipants in CANVAS-R were randomly assigned in a 1:1 ratio to can-

agliflozin 100 mg or matching placebo, with optional uptitration to

canagliflozin 300 mg or matching placebo starting from week 13. Dur-

ing the CANVAS Program, investigators were allowed to adjust a

patient's AHA therapy as they felt was appropriate in accordance with

national and international guidelines, including the addition of oral

and/or injectable AHAs, with the exception of any other SGLT2

inhibitors.

2.3 | Outcomes

Key outcomes included new initiation of AHAs, defined as post-

randomization commencement of any AHA not taken at baseline:

insulin, metformin, dipeptidyl peptidase-4 (DPP-4) inhibitor, glucagon-

like peptide-1 (GLP-1) receptor agonist and sulphonylurea.

2.4 | Statistical analyses

The proportion of patients initiating new AHAs and time to initiation

of new AHAs were analyzed for canagliflozin and placebo using the

integrated CANVAS Program dataset. For analyses of the initiation of

any AHA and any non-insulin AHA, all participants were included.

Event time was measured from randomization to the first of initiation

of AHA (for those who added AHAs) or last trial contact (for those

who did not), and the proportion of participants with AHA additions

at 1, 3 and 5 years and 95% confidence intervals (CIs) were derived

from Kaplan-Meier survival probabilities, as was the restricted mean

time to event. For the addition of specific AHAs, only participants

who were not using AHAs at baseline were included in the analysis.

To compare the likelihood of AHA initiation across treatment groups

over the course of the trial, Cox proportional hazards models, with

treatment as a fixed effect and trial as a stratification factor, were

used to produce hazard ratios (HRs) and 95% CIs. If the proportional

hazards assumption was violated, Peto HR and 95% CIs were calcu-

lated based on the stratified log-rank statistic, with trial as a stratifica-

tion factor.7,8

Data from this study are available in the public domain via the

Yale University Open Data Access Project (http://yoda.yale.edu/).

3 | RESULTS

3.1 | Participants

Baseline characteristics and AHA use were similar in participants

treated with canagliflozin and placebo (Table S1). Participants had an

average age of 63 years, the majority were men (64%) and the aver-

age length of diabetes was approximately 14 years. Approximately

77% were on metformin, 50% were on insulin, 43% were on a sul-

phonylurea, 12% were on a DPP-4 inhibitor and 4% were on a GLP-1

receptor agonist at baseline. Median follow-up duration was

3.6 years.

3.2 | Overall antihyperglycaemic agent initiation in
the CANVAS Program

Kaplan-Meier analysis showed that fewer participants in the can-

agliflozin arm initiated any AHA (7% vs. 16%), insulin (3% vs. 9%) or

any non-insulin AHA (5% vs. 12%) compared with participants in the

placebo arm at 1 year. Similar trends were observed at 3 years (any
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AHA: 19% vs. 32%; insulin: 9% vs. 21%; any non-insulin AHA: 15%

vs. 26%) and 5 years (any AHA: 28% vs. 43%; insulin: 14% vs. 30%;

any non-insulin AHA: 23% vs. 36%). The proportional hazards

assumption was violated (P < .05) for all AHAs with treatment effects

increasing over time. Peto HRs demonstrate that the likelihood of ini-

tiating any AHA [HR, 0.47 (95% CI: 0.43, 0.51)], insulin [HR, 0.37

(95% CI: 0.31, 0.43)] or any non-insulin AHA [HR, 0.50 (95% CI: 0.45,

0.55)] was significantly reduced compared with placebo (all P < .001;

Figure S1).

3.3 | Initiation of insulin in the CANVAS Program

The time difference between 10% of patients in the canagliflozin and

placebo groups being initiated on insulin from the beginning of the

trial was >2 years, with about 10% of patients in the placebo group

on insulin at 52 weeks and 10% of patients in the canagliflozin group

on insulin by 160 weeks. During the trials, the risk of initiating insulin

was 2.7 times lower for participants treated with canagliflozin com-

pared with placebo (Figure 1).

F IGURE 1 Time to initiation of
insulin in the subset of participants not
previously on insulin. CI, confidence
interval; HR, hazard ratio

(A) (B)

(D)(C)

F IGURE 2 Time to initiation of other antihyperglycaemic agents in the subsets of participants not previously on these agents. A, Metformin.
B, DPP-4 inhibitors. C, GLP-1 receptor agonists. D, Sulphonylureas. CI, confidence interval; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like
peptide-1; HR, hazard ratio
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3.4 | Effects on estimated glomerular filtration rate

Proportional hazards held when estimated glomerular filtration

rate (eGFR) was included in the statistical model (P = .103) and

the need for initiation of insulin therapy with canagliflozin com-

pared with placebo was lower in both patients with eGFR

≥60 mL/min/1.73 m2 (HR, 0.37; 95% CI: 0.31, 0.44) and patients

with eGFR <60 mL/min/1.73 m2 (HR, 0.52; 95% CI: 0.36, 0.75),

with no difference in effects between subgroups (P interac-

tion = .11). Those taking insulin at baseline had a lower eGFR than

those not on insulin, but the effects of canagliflozin on attenuat-

ing the long-term eGFR decline were qualitatively identical

(Figure S2).

3.5 | Initiation of other antihyperglycaemic agents

The time to initiation of other AHAs, including metformin, DPP-4

inhibitors, GLP-1 receptor agonists and sulphonylureas, was also del-

ayed with canagliflozin versus placebo (Figure 2). There was strong

evidence that lower proportions of participants in the canagliflozin

versus placebo group initiated other AHAs at 1, 3 and 5 years of

follow-up: fewer participants treated with canagliflozin compared with

placebo initiated insulin at year 1 (3% vs. 9%; P < .001), and this pat-

tern continued through year 3 (9% vs. 21%) and year 5 (14% vs. 30%;

Table S2).

3.6 | Hypoglycaemia

There was a statistically lower rate of hypoglycaemia in subjects not

on insulin who were taking the 300 mg dose of canagliflozin com-

pared with placebo (χ2 P = .036). Otherwise, there were no differ-

ences in hypoglycaemia rates (Table S3).

4 | CONCLUSIONS

In the CANVAS Program, participants treated with canagliflozin had

fewer AHAs initiated overall and fewer insulin initiations, compared

with participants treated with placebo. The extent of this benefit, with

an HR of 0.37, indicates that patients were 63% less likely to go on to

insulin if they were on active canagliflozin treatment. About 10% of

patients in the placebo group were on insulin at 52 weeks and 10% of

patients in the canagliflozin group were on insulin by 160 weeks. This

pattern was consistent during years 1, 3 and 5 of follow-up. The del-

ayed time to initiation of insulin was consistent in both eGFR sub-

groups, suggesting this benefit extends to all CANVAS Program

participants. Similar findings have been shown for empagliflozin (HR,

0.46; 95% CI: 0.39, 0.54).9

Other agents also delay the need for insulin. The VERIFY trial was

explicitly designed to do so and reported, in patients with newly onset

type 2 diabetes, that the median time to treatment failure in a

metformin monotherapy group was 36.1 months, while the median

time to treatment failure for those receiving early combination ther-

apy of vildagliptin and metformin could only be estimated to be

beyond the study duration at 61.9 months. A significant reduction in

the relative risk for time to initial treatment failure was observed in

the early combination treatment group compared with the mon-

otherapy group over the 5-year study duration (HR, 0.51; 95% CI:

0.45, 0.58; P < .0001).10 Other oral agents, such as linagliptin in the

CARMELINA trial, have shown delays in the need for insulin.11

The results reported here benefit from the rigorous design, con-

duct and analysis of the CANVAS Program but are limited by the post

hoc nature of the analysis. In addition, information on insulin dose

changes, which could also provide insight on AHA use, was not

available.

Beyond reflecting improved glycaemic control, the lower use of

insulin and other AHAs may give benefit as side effects such as

hypoglycaemia or gastrointestinal intolerance are not a feature of the

SGLT2 inhibitor class, and they are oral agents. It was not unexpected

that canagliflozin use meant that other AHAs were less often used,

but the delay in insulin initiation may represent additional benefits to

health care systems and patients. Insulin is associated with reduced

health-related quality of life for many individuals with diabetes.12 The

costs of insulin have risen considerably for patients and health sys-

tems over the past several years,13 and patients may experience

hypoglycaemia, as well as pain associated with injection.14 There are

considerable associated costs of insulin initiation including staff costs

for training, home glucose monitoring, and increased need for an

ordered daily regimen. Patients and caregivers may also be reluctant

to start insulin as it may be viewed as a “final” therapy and patients in

some employments may be disqualified.14 Thus, beyond reflecting

improved glycaemic control, the lower use of insulin and other AHAs

with canagliflozin may represent reduced utilization of health services,

reduced health care costs, better adherence and improved patient

satisfaction.

In conclusion, among CANVAS Program participants, canagliflozin

was associated with a lower likelihood for starting insulin or other

AHAs over a 5-year period.
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