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Aims: To assess the efficacy and safety of canagliflozin, a sodium glucose co-transporter 2 (SGLT2) inhibitor, in patients with type 2 diabetes enrolled in
the CANagliflozin cardioVascular Assessment Study (CANVAS) who were on an incretin mimetic [dipeptidyl peptidase-4 (DPP-4) inhibitor or glucagon-like
peptide-1 (GLP-1) receptor agonist].
Methods: CANVAS is a double-blind, placebo-controlled study that randomized participants to canagliflozin 100 or 300 mg or placebo added to routine
therapy. The present post hoc analysis assessed the efficacy and safety of canagliflozin 100 and 300 mg compared with placebo in subsets of patients
from CANVAS who were taking background DPP-4 inhibitors or GLP-1 receptor agonists with or without other antihyperglycaemic agents at week 18.
Results: Of the 4330 patients in CANVAS, 316 were taking DPP-4 inhibitors and 95 were taking GLP-1 receptor agonists. At 18 weeks, canagliflozin
100 and 300 mg provided larger placebo-subtracted reductions in glycated haemoglobin (HbA1c) in patients taking DPP-4 inhibitors [−0.56% (95%
confidence interval [CI]: −0.77, −0.35), and −0.75% (95% CI: −0.95, −0.54), respectively] and GLP-1 receptor agonists [−1.00% (95% CI: −1.35, −0.65),
and −1.06% (95% CI: −1.43, −0.69), respectively]. Body weight and blood pressure (BP) reductions were seen with canagliflozin versus placebo in both
subsets. Higher incidences of genital mycotic infections and osmotic diuresis–related adverse events (AEs) were seen with canagliflozin compared with
placebo. The incidence of hypoglycaemia was numerically higher with canagliflozin versus placebo; nearly all events occurred in patients on background
insulin or insulin secretagogues.
Conclusions: In patients on background incretin mimetics, canagliflozin improved HbA1c, body weight and BP, with an increased incidence of AEs
related to SGLT2 inhibition.
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Introduction
The progressive nature of type 2 diabetes means that combina-
tion therapy with multiple antihyperglycaemic agents (AHAs)
is usually needed to achieve and maintain glycaemic control
[1,2]. Although metformin together with a sulphonylurea has
been a standard early pharmacological approach, the possible
adverse effects of sulphonylureas, such as hypoglycaemia and
weight gain [2], have led to a decrease in the use of this class
of agents and an increase in the prescription of newer AHAs,
such as incretin mimetics [e.g. dipeptidyl peptidase-4 (DPP-4)
inhibitors and glucagon-like peptide-1 (GLP-1) receptor ago-
nists], which minimize these reactions [3].
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Canagliflozin is a sodium glucose co-transporter 2 (SGLT2)
inhibitor developed for the treatment of adults with type 2
diabetes [4–18]. Canagliflozin lowers the renal threshold for
glucose, which results in urinary glucose loss; this translates
to beneficial effects on glycaemic control, as well as body
weight and blood pressure (BP) reductions [5–18]. In general,
canagliflozin is also well tolerated, with increased incidence of
adverse events (AEs) related to the mechanism of SGLT2 inhi-
bition (e.g. genital mycotic infections, AEs related to osmotic
diuresis and volume depletion) [5–18]. As the risk of hypogly-
caemia is low when used in isolation, canagliflozin could be
an attractive option for combination therapy with other agents,
such as incretin mimetics. The use of multiple agents that lower
glucose without substantially increasing the risk of hypogly-
caemia could be a significant advantage for patients with type 2
diabetes.
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This post hoc analysis describes the short-term effects of

canagliflozin on indicators of glycaemia, safety and tolerabil-
ity compared with placebo using interim data from subsets of
patients with type 2 diabetes enrolled in the CANagliflozin car-
dioVascular Assessment Study (CANVAS) who were on back-
ground therapy with either DPP-4 inhibitors or GLP-1 receptor
agonists, alone or in combination with other AHAs.

Materials and Methods
Overall Design of CANVAS

CANVAS is an ongoing, randomized, double-blind,
placebo-controlled, parallel-group, multicentre trial that has
randomized 4330 individuals with type 2 diabetes and a history
or high risk of cardiovascular disease to canagliflozin 100 or
300 mg or placebo once daily added to a stable AHA regimen
(ClinicalTrials.gov Identifier, NCT01032629). Interim analyses
of efficacy and safety data from CANVAS were planned to eval-
uate the short-term effects of canagliflozin in these patients.
The CANVAS trial continues in a blinded fashion to investi-
gators and patients for the purposes of collecting additional
safety data, including cardiovascular endpoints, which will be
reported upon study completion. Patients included in this post
hoc analysis were to remain on a stable dose of DPP-4 inhibitor
or GLP-1 receptor agonist through week 18, unless criteria for
rescue therapy were met. Randomization was not stratified by
baseline use of DPP-4 inhibitors or GLP-1 receptor agonists.
Details of the study design and recruitment strategy have been
previously published [19].

The study is being conducted in accordance with the Decla-
ration of Helsinki and is consistent with Good Clinical Practice.
Regulatory approval for the conduct of the trial was obtained
in each country and ethics approval was received at every site
before initiation. All participants in CANVAS were required to
provide written informed consent.

Participant Inclusion and Exclusion Criteria

Inclusion and exclusion criteria and screening and random-
ization procedures for CANVAS have been published [19]. To
ensure the recruitment of a broad population, there were mini-
mal restrictions on the use of background therapies. The subset
of patients in this analysis included participants who were tak-
ing DPP-4 inhibitors or GLP-1 receptor agonists alone or in
combination with other AHAs at study entry.

Study Endpoints

This post hoc (and thus not prespecified) analysis assessed
the efficacy and safety of canagliflozin compared with placebo
in subsets of patients enrolled in CANVAS who were on an
incretin mimetic (DPP-4 inhibitor or GLP-1 receptor agonist)
with or without other AHAs. Efficacy endpoints evaluated at
week 18 in the present analysis included: change from base-
line in glycated haemoglobin (HbA1c), fasting plasma glucose
(FPG) and systolic BP; percent change from baseline in body
weight and fasting plasma lipids; and the proportion of patients
reaching HbA1c <7.0%. Overall safety and tolerability were
assessed by AE reports.

AEs of specific interest included those likely related to the
mechanism of SGLT2 inhibition [i.e. genital mycotic infections,
urinary tract infections (UTIs) and AEs related to osmotic
diuresis and reduced intravascular volume]. Hypoglycaemic
episodes, defined as biochemically documented [≤3.9 mmol/l
(70 mg/dl)] and severe episodes (i.e. requiring the assistance
of another individual or resulting in seizure or loss of con-
sciousness), were also reported. Glycaemic rescue therapy was
initiated in patients meeting prespecified FPG criteria and was
selected to be complementary to the patient’s background ther-
apies, as previously described [19].

Statistical Analyses

Efficacy and safety analyses were performed using the mod-
ified intent-to-treat (mITT) population (i.e. all randomized
patients who received ≥1 dose of study drug). Missing efficacy
data were imputed using the last observation carried forward
(LOCF) approach. Primary and continuous secondary end-
points were assessed using an analysis of covariance (ancova)
model including treatment as a fixed effect and correspond-
ing baseline value as a covariate. Least squares (LS) means and
two-sided 95% confidence intervals (CIs) were estimated for the
comparison of each canagliflozin dose versus placebo. The cate-
gorical secondary efficacy endpoint (i.e. proportion of patients
reaching HbA1c <7.0%) was analysed using a logistic regres-
sion model with treatment as a factor and baseline HbA1c as a
covariate. Statistical testing of canagliflozin versus placebo was
not prespecified for this post hoc analysis; however, 95% CIs are
reported for descriptive purposes. For patients who received
rescue therapy, the last post-baseline value before the initiation
of rescue therapy was used for analysis. Data for other outcomes
remain blinded to investigators and patients, and are monitored
by an Independent Data Monitoring Committee.

Results
Patients

During a recruitment period of 15 months, 7691 individu-
als were screened and 4330 were randomized. Of the 4330
CANVAS participants who were randomized, 411 met the
inclusion criteria for the present analysis (316 were taking
DPP-4 inhibitors and 95 were taking GLP-1 receptor ago-
nists). Among patients in the DPP-4 inhibitor subset, 75.6%
(239/316), 22.5% (71/316) and 2.2% (7/316) were taking
sitagliptin, vildagliptin and saxagliptin, respectively, and one
patient was taking both sitagliptin and vildagliptin. Among
patients in the GLP-1 receptor agonist subset, 73.7% (70/95)
were taking exenatide and 26.3% (25/95) were taking liraglu-
tide. The majority of patients were receiving the recommended
doses of DPP-4 inhibitor or GLP-1 receptor agonist. In the
DPP-4 inhibitor subset, 102 patients were assigned to placebo,
103 to canagliflozin 100 mg, and 111 to canagliflozin 300 mg.
In the GLP-1 receptor agonist subset, 30 patients were assigned
to placebo, 35 to canagliflozin 100 mg, and 30 to canagliflozin
300 mg. Of the 316 patients in the DPP-4 inhibitor subset
who were randomized and dosed, 294 (93.0%) completed
the 18-week treatment period (i.e. did not discontinue from

Volume 18 No. 1 January 2016 doi:10.1111/dom.12589 83



original article DIABETES, OBESITY AND METABOLISM

Table 1. Baseline demographic and disease characteristics.*

DPP-4 inhibitor subset GLP-1 receptor agonist subset

Characteristic
CANA 100 mg
(n= 103)

CANA 300 mg
(n= 111)

PBO
(n= 102)

CANA 100 mg
(n= 35)

CANA 300 mg
(n= 30)

PBO
(n= 30)

Sex, n (%)
Male 66 (64) 81 (73) 60 (59) 28 (80) 19 (63) 19 (63)
Female 37 (36) 30 (27) 42 (41) 7 (20) 11 (37) 11 (37)

Age, years 62.4 (7.3) 62.7 (7.7) 63.9 (8.3) 60.7 (9.3) 61.5 (7.4) 60.9 (7.3)
Race, n (%)†

White 84 (82) 91 (82) 80 (78) 31 (89) 21 (70) 25 (83)
Black or African-American 1 (1) 2 (2) 4 (4) 2 (6) 4 (13) 2 (7)
Asian 15 (15) 14 (13) 9 (9) 2 (6) 0 0
Other‡ 3 (3) 4 (4) 9 (9) 0 5 (17) 3 (10)

HbA1c, % 8.1 (0.9) 8.0 (0.8) 8.1 (1.0) 8.2 (0.8) 8.3 (1.1) 8.0 (0.9)
BMI, kg/m2 32.3 (5.8) 32.3 (5.9) 32.3 (5.8) 37.2 (6.1) 37.7 (7.7) 37.3 (7.6)
eGFR, ml/min/1.73 m2 76.8 (17.5) 74.7 (20.2) 77.2 (19.9) 79.0 (17.8) 77.2 (21.3) 75.8 (21.7)
Duration of type 2 diabetes, years 12.3 (6.2) 13.2 (7.1) 12.5 (5.4) 14.6 (5.8) 15.3 (9.0) 14.7 (8.0)

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; CANA, canagliflozin; PBO, placebo; HbA1c, glycated haemoglobin; BMI, body mass index;
eGFR, estimated glomerular filtration rate; s.d., standard deviation.
*Data are mean (s.d.) unless otherwise noted.
†Percentages may not total 100% because of rounding.
‡Including multiple and other.

the study for any reason); of the 95 patients in the GLP-1
receptor agonist subset who were randomized and dosed, 89
(93.7%) completed the 18-week treatment period (Table S1).
The percentage of patients requiring rescue therapy in each of
the subsets is presented in Table S1.

Baseline demographic and disease characteristics were gen-
erally similar across treatment groups within each subset,
except for a higher number of male patients in the canagliflozin
100 mg group in the GLP-1 receptor agonist subset (Table 1).
At baseline, the mean age was 63.0 and 61.0 years in patients
on DPP-4 inhibitors and GLP-1 receptor agonists, respectively.
The mean HbA1c was 8.1% in both subsets. The mean body
mass index was 32.3 and 37.4 kg/m2 in the DPP-4 inhibitor and
GLP-1 receptor agonist subsets, respectively; the mean dura-
tion of type 2 diabetes was 12.7 and 14.9 years, respectively. In
addition to DPP-4 inhibitors, the most frequently used back-
ground AHAs in the DPP-4 inhibitor subset were biguanides
(80.1%), sulphonylureas (53.8%) and insulin (30.4%). Simi-
larly, biguanides (72.6%), insulin (54.7%) and sulphonylureas
(53.7%) were the most frequently used additional background
AHAs in the GLP-1 receptor agonist subset (Table S2). Patients
were not randomized by baseline use of DPP-4 inhibitors or
GLP-1 receptor agonists, which resulted in some variation in
background AHA use across groups in both subsets.

Effects of Canagliflozin on Efficacy Outcomes

In the DPP-4 inhibitor and GLP-1 receptor agonist sub-
sets, both doses of canagliflozin lowered HbA1c relative to
placebo at week 18 (Figure 1A, B and Table S3). At 18 weeks,
placebo-subtracted changes in HbA1c with canagliflozin
100 and 300 mg were −0.56% (95% CI: −0.77, −0.35) and
−0.75% (95% CI: −0.95, −0.54), respectively, in patients taking
DPP-4 inhibitors. Placebo-subtracted changes in HbA1c with
canagliflozin 100 and 300 mg were −1.00% (95% CI: −1.35,

−0.65) and −1.06% (95% CI: −1.43, −0.69), respectively,
in patients taking GLP-1 receptor agonists. Consequently, a
higher proportion of patients treated with canagliflozin 100
and 300 mg achieved HbA1c <7.0% compared with placebo in
the DPP-4 inhibitor subset (21.8, 34.3 and 14.6%, respectively)
and in the GLP-1 receptor agonist subset (29.4, 34.5 and
6.9%, respectively). FPG was also lowered with both doses of
canagliflozin compared with placebo in both subsets (Table S3).

Canagliflozin 100 and 300 mg provided body weight reduc-
tions compared with placebo in both subsets (Figure 1C, D
and Table S3). At 18 weeks, placebo-subtracted changes in body
weight with canagliflozin 100 and 300 mg were −2.3% (95% CI:
−3.1,−1.5) and−3.0% (95% CI:−3.8,−2.2), respectively, in the
DPP-4 inhibitor subset; and −2.5% (95% CI: −3.7, −1.4) and
−3.2% (95% CI: −4.5, −2.0), respectively, in the GLP-1 recep-
tor agonist subset. Reductions in systolic BP were observed
with both doses of canagliflozin in combination with either
DPP-4 inhibitors or GLP-1 receptor agonists; modest changes
in diastolic BP were also observed (Figure 2A, B and Table
S3). Changes in pulse rate were −3.1, 0.4 and −0.6 beats/min,
respectively, in the DPP-4 inhibitor subset, and 0.0, 0.7 and
0.2 beats/min, respectively, in the GLP-1 receptor agonist sub-
set, with canagliflozin 100 and 300 mg or placebo. Clear effects
on blood lipids were not apparent, with large uncertainty inter-
vals about most estimates (Figure 2C, D and Table S3).

Effects of Canagliflozin on Safety and Tolerability Outcomes

In the DPP-4 inhibitor subset, AEs were reported for 64.1, 63.1
and 58.8% of participants treated with canagliflozin 100 mg,
canagliflozin 300 mg and placebo, respectively (Table 2). The
corresponding figures for serious AEs were 2.9% (n= 3),
4.5% (n= 5) and 2.0% (n= 2), respectively. Genital mycotic
infections were more common with canagliflozin compared
with placebo for women and men. The incidence of UTIs
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Figure 1. Change in glycated haemoglobin (HbA1c) and body weight in the dipeptidyl peptidase-4 (DPP-4) inhibitor (A, C) and glucagon-like peptide-1
(GLP-1) receptor agonist (B, D) subsets over 18 weeks (last observation carried forward [LOCF]). CANA, canagliflozin; PBO, placebo; LS, least squares;
s.e., standard error; CI, confidence interval.

was 6.8, 4.5 and 1.0% with canagliflozin 100 mg, canagliflozin
300 mg and placebo, respectively. AEs attributable to volume
depletion, such as postural hypotension and dizziness, were
more common with canagliflozin 300 mg than placebo; none
were reported with canagliflozin 100 mg. Rates of documented
hypoglycaemia were 24.3, 33.3 and 16.2% with canagliflozin
100 mg, canagliflozin 300 mg and placebo, respectively, in
patients who were taking background insulin or insulin sec-
retagogues (i.e. sulphonylurea, meglitinide); there was one
severe hypoglycaemia episode in the canagliflozin 300 mg
group in a patient whose background AHA therapy consisted
of vildagliptin 50 mg and glimepiride 4 mg (Table 2). Among

those who were not taking background insulin or insulin
secretagogues, only one patient (4.2%) in the canagliflozin
300 mg group reported documented hypoglycaemia (no severe
episodes).

In the GLP-1 receptor agonist subset, the overall incidence
of AEs was 62.9, 73.3 and 76.7% with canagliflozin 100 mg,
canagliflozin 300 mg and placebo, respectively (Table 2); seri-
ous AEs were more frequent with canagliflozin 300 mg (n= 5;
16.7%) compared with canagliflozin 100 mg (n= 2; 5.7%) and
placebo (n= 1; 3.3%). The incidence of genital mycotic infec-
tions, UTIs and volume depletion–related AEs was higher with
canagliflozin 300 mg compared with canagliflozin 100 mg and
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Figure 1. Continued.

placebo. Both doses of canagliflozin were associated with an
increased incidence of osmotic diuresis–related AEs compared
with placebo. Rates of AEs in the gastrointestinal disorders sys-
tem organ class were 28.6, 30.0 and 23.3% with canagliflozin
100 mg, canagliflozin 300 mg and placebo, respectively. Rates
of documented hypoglycaemia were 37.9, 50.0 and 15.4% with
canagliflozin 100 mg, canagliflozin 300 mg and placebo, respec-
tively, among patients who were taking background insulin
or insulin secretagogues; there was one severe hypoglycaemia
episode in the canagliflozin 300 mg group in a patient whose
background AHA therapy consisted of exenatide 20 μg, met-
formin 2000 mg and insulin glargine 26 IU (Table 2). Among
those who were not taking background insulin or insulin secre-
tagogues, one patient (12.5%) in the canagliflozin 300 mg group
reported documented hypoglycaemia (no severe episodes).

Changes in laboratory safety parameters are summarized in
Table S4. In the DPP-4 inhibitor subset, reductions in estimated

glomerular filtration rate (eGFR) of −6.0, −7.3 and −3.5% were
observed with canagliflozin 100 mg, canagliflozin 300 mg and
placebo, respectively; in the GLP-1 receptor agonist subset,
reductions in eGFR were −1.7, −4.9 and −3.3%, respectively.
These reductions in eGFR were associated with commensu-
rate increases in serum creatinine. Changes in blood urea
nitrogen were 18.1, 18.4 and 4.5% with canagliflozin 100 mg,
canagliflozin 300 mg and placebo, respectively, in the DPP-4
inhibitor subset; and 14.2, 4.6 and 8.4%, respectively, in the
GLP-1 receptor agonist subset. In both subsets, reductions in
serum urate and increases in haemoglobin were observed with
canagliflozin 100 and 300 mg compared with placebo.

Discussion
Findings from this post hoc analysis in a small subset of
patients with type 2 diabetes show that canagliflozin added to
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Figure 2. Change in blood pressure (BP) and fasting plasma lipids at week 18 in the dipeptidyl peptidase-4 (DPP-4) inhibitor (A, C) and glucagon-like
peptide-1 (GLP-1) receptor agonist (B, D) subsets (last observation carried forward [LOCF]). LS, least squares; s.e., standard error; CI, confidence interval;
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a stable background treatment regimen consisting of a DPP-4
inhibitor or GLP-1 receptor agonist with or without other
AHAs improves efficacy outcomes, including HbA1c, body
weight and BP, over 18 weeks. Canagliflozin was generally well
tolerated in both subsets, with an increased incidence of AEs
related to the SGLT2 mechanism.

Efficacy and safety findings from this post hoc analysis in
patients on background DPP-4 inhibitors or GLP-1 receptor
agonists were generally consistent with those seen in previous
phase III studies of canagliflozin [5–18]. Compared with the
two prespecified substudies of the CANVAS trial in patients
on background insulin and sulphonylurea, HbA1c reductions
at week 18 were slightly smaller in the DPP-4 inhibitor subset
and slightly larger in the GLP-1 receptor agonist subset [9,20].
Body weight and systolic BP reductions with canagliflozin

versus placebo in both subsets were larger compared with those
seen in the add-on to insulin and add-on to sulphonylurea sub-
studies [9,20]. In particular, the changes in weight were con-
sistent with the class effects of these agents; DPP-4 inhibitors
are weight-neutral and GLP-1 receptor agonists are associated
with weight loss, while insulin and sulphonylurea are associ-
ated with weight gain [2]. Changes in lipids were variable and
associated with large uncertainty in the present analysis, and
therefore cannot be compared with data from previous studies
of canagliflozin. Inconsistent effects on lipid variables were also
observed in the previous substudies of CANVAS [9,20].

A key benefit of canagliflozin compared with some other
AHA classes is that its action is independent of 𝛽-cell function
[2], suggesting that it may be useful in patients with more
advanced type 2 diabetes (i.e. greater impairment of 𝛽-cell
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Figure 2. Continued. *Units of mol/mol for LDL-C/HDL-C.

function). In this analysis, which included older patients with
long disease duration and high cardiovascular disease risk,
canagliflozin 100 and 300 mg provided reductions in HbA1c
compared with placebo in patients whose background therapy
included DPP-4 inhibitors and GLP-1 receptor agonists; these

glycaemic improvements resulted in a higher proportion of
patients achieving HbA1c <7.0% with canagliflozin 100 and
300 mg compared with placebo in both patient subsets.

The safety and tolerability of canagliflozin in this analysis
was generally consistent with previous phase III studies,
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Table 2. Overall safety and selected adverse events.*

DPP-4 inhibitor subset GLP-1 receptor agonist subset

Patients, n (%)
CANA 100 mg
(n= 103)

CANA 300 mg
(n= 111)

PBO
(n= 102)

CANA 100 mg
(n= 35)

CANA 300 mg
(n= 30)

PBO
(n= 30)

Any AE 66 (64.1) 70 (63.1) 60 (58.8) 22 (62.9) 22 (73.3) 23 (76.7)
AEs leading to discontinuation 1 (1.0) 6 (5.4) 1 (1.0) 2 (5.7) 3 (10.0) 0
AEs related to study drug† 21 (20.4) 29 (26.1) 14 (13.7) 10 (28.6) 11 (36.7) 7 (23.3)
Serious AEs 3 (2.9) 5 (4.5) 2 (2.0) 2 (5.7) 5 (16.7) 1 (3.3)
Deaths 0 0 2 (2.0) 0 0 0
AEs of special interest

Genital mycotic infections
Male‡,§ 3 (4.5) 5 (6.2) 1 (1.7) 1 (3.6) 2 (10.5) 1 (5.3)
Female¶,** 5 (13.5) 5 (16.7) 1 (2.4) 0 5 (45.5) 0

UTIs 7 (6.8) 5 (4.5) 1 (1.0) 2 (5.7) 4 (13.3) 2 (6.7)
Osmotic diuresis–related AEs†† 6 (5.8) 9 (8.1) 1 (1.0) 5 (14.3) 4 (13.3) 1 (3.3)
Volume depletion–related AEs‡‡ 0 4 (3.6) 0 0 3 (10.0) 1 (3.3)

Hypoglycaemia episodes
Patients on insulin, SU or meglitinide, n 70 87 74 29 22 26

Documented hypoglycaemia§§ 17 (24.3) 29 (33.3) 12 (16.2) 11 (37.9) 11 (50.0) 4 (15.4)
Severe hypoglycaemia 0 1 (1.1) 0 0 1 (4.5) 0

Patients not on insulin, SU or meglitinide, n 33 24 28 6 8 4
Documented hypoglycaemia§§ 1 (3.0) 1 (4.2) 0 0 1 (12.5) 0
Severe hypoglycaemia 0 0 0 0 0 0

DPP-4, dipeptidyl peptidase-4; GLP-1 glucagon-like peptide-1; CANA, canagliflozin; PBO, placebo; AE, adverse event; UTI, urinary tract infection; SU,
sulphonylurea.
*All AEs are reported regardless of rescue medication; hypoglycaemia episodes are reported prior to rescue medication.
†Possibly, probably or very likely related to study drug as assessed by investigators.
‡DPP-4 inhibitors: CANA 100 mg, n= 66; CANA 300 mg, n= 81; PBO, n= 60; GLP-1 receptor agonists: CANA 100 mg, n= 28; CANA 300 mg, n= 19;
PBO, n= 19.
§DPP-4 inhibitors: including balanitis, balanoposthitis, genital infection fungal and penile infection; GLP-1 receptor agonists: including balanitis, balanitis
candida and genital infection fungal.
¶DPP-4 inhibitors: CANA 100 mg, n= 37; CANA 300 mg, n= 30; PBO, n= 42; GLP-1 receptor agonists: CANA 100 mg, n= 7; CANA 300 mg, n= 11; PBO,
n= 11.
**DPP-4 inhibitors: including genital infection fungal, vaginal infection, vulvitis, vulvovaginal candidiasis and vulvovaginal mycotic infection; GLP-1
receptor agonists: including genital candidiasis, vulvovaginal candidiasis and vulvovaginal mycotic infection.
††DPP-4 inhibitors: including dry mouth, thirst, micturition urgency, nocturia, pollakiuria and polyuria; GLP-1 receptor agonists: including urine output
increased, micturition urgency, pollakiuria and polyuria.
‡‡DPP-4 inhibitors: including blood pressure decreased, dizziness postural and hypotension; GLP-1 receptor agonists: including dehydration, dizziness
postural, syncope and hypotension.
§§Including biochemically documented episodes [≤3.9 mmol/l (70 mg/dl)] with or without symptoms and severe episodes (i.e. requiring the assistance of
another individual or resulting in seizure or loss of consciousness).

including the two prespecified substudies of CANVAS
[5–18,20]; as expected, incidences of AEs related to SGLT2 inhi-
bition were generally higher with canagliflozin versus placebo.
In the DPP-4 inhibitor subset, both canagliflozin doses were
associated with higher incidences of male and female gen-
ital mycotic infections, UTIs and osmotic diuresis–related
AEs compared with placebo. In the GLP-1 receptor agonist
subset, incidences of these AEs were generally higher with
canagliflozin 300 mg compared with canagliflozin 100 mg and
placebo. In both subsets, volume depletion–related AEs were
reported with canagliflozin 300 mg, but not with canagliflozin
100 mg. Documented hypoglycaemia episodes were reported
infrequently in patients who were not taking AHAs associated
with hypoglycaemia. Among those on insulin or insulin sec-
retagogues, the incidence of documented hypoglycaemia was
numerically higher with canagliflozin compared with placebo,
consistent with the CANVAS add-on to insulin and add-on to
sulphonylurea substudies [9,20]; severe episodes were rare in

the present analysis and in both of the previous CANVAS sub-
studies [9,20]. Changes in laboratory variables were consistent
with those seen in other studies of canagliflozin [5–18,20].

As patients included in this subset analysis were not ran-
domized on the basis of background incretin usage, the lack
of randomized comparisons is a limitation of this analysis.
Related to this, another limitation was the relatively small num-
ber of patients enrolled in CANVAS who were taking DPP-4
inhibitors or GLP-1 receptor agonists. In addition, although
the use of background AHA therapies was randomized to be
balanced across treatment groups in the overall study, bal-
ance was not assured in these post hoc subgroups defined by
baseline DPP-4 inhibitor or GLP-1 receptor agonist use. This
analysis was also limited by its post hoc nature. Finally, this
analysis only reports data over 18 weeks. Prespecified studies of
canagliflozin added to DPP-4 inhibitors or GLP-1 receptor ago-
nists in larger populations and over longer durations would be
beneficial.
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In summary, canagliflozin provided consistent glycaemic
benefits, weight loss and BP reductions in patients with type
2 diabetes who were on a background AHA regimen including
DPP-4 inhibitors or GLP-1 receptor agonists over 18 weeks and
was generally well tolerated, with a similar safety profile to that
reported in previous phase III studies of canagliflozin.

Acknowledgements
Steering Committee: D. R. Matthews (Co-chair), B. Neal
(Co-chair), G. Fulcher, K. W. Mahaffey, V. Perkovic, G.
Meininger, D. de Zeeuw. Independent Data Monitoring Com-
mittee: P. Home (Chair), J. Anderson, I. Campbell, J. Lachin,
D. Scharfstein, S. Solomon, R. Uzzo. Endpoint Adjudication
Committee: G. Fulcher, J. Amerena, C. Chow, G. Figtree, J.
French, G. Hillis, B. Jenkins, R. Lindley, B. McGrath, A. Street, J.
Watson. CANVAS collaborating sites are listed in Appendix S1.
Sponsor: Janssen Research & Development, LLC.

The trial is funded by Janssen Research & Development, LLC.
Editorial support was provided by Alaina DeToma, PhD, of
MedErgy, and was funded by Janssen Global Services, LLC.
Canagliflozin has been developed by Janssen Research & Devel-
opment, LLC, in collaboration with Mitsubishi Tanabe Pharma
Corporation.

Conflict of Interest
G. F. has served on advisory boards for Johnson & Johnson
and as a consultant to Janssen. D. R. M. has served on advisory
boards or as a consultant for Novo Nordisk, GlaxoSmith-
Kline, Novartis, Eli Lilly, Sanofi-Aventis, Janssen and Servier;
receives current research support from Janssen and UK
National Institute for Health Research (NIHR); and has given
lectures for Novo Nordisk, Servier, Sanofi-Aventis, Eli Lilly,
Novartis, Janssen and Aché Laboratories. V. P. is supported
by a Senior Research Fellowship from the Australian National
Health and Medical Research Council; has served on advi-
sory boards and/or spoken at scientific meetings sponsored
by Janssen, Baxter, AbbVie, Astellas, Boehringer Ingelheim,
AstraZeneca, Eli Lilly, Merck and GlaxoSmithKline; and has a
policy of honoraria going to his employer. D. d. Z. serves as a
consultant for AbbVie, Astellas, Chemocentryx, Eli Lilly, Frese-
nius, Janssen and Merck Darmstadt; all consultancy honoraria
are paid to his institution. K. W. M. has provided continuing
medical education on behalf of and/or has served as a con-
sultant to the American College of Cardiology, AstraZeneca,
Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, Cubist, Eli
Lilly, Elsevier, Forest, GlaxoSmithKline, Johnson & Johnson,
Medtronic, Merck, Omthera, Portola Pharma, Spring Publish-
ing, The Medicines Company and WebMD, and has received
research support from Medtronic and St. Jude. C. M. has
served on the advisory panel for Novo Nordisk, Sanofi-Aventis,
Merck Sharp and Dohme Ltd, Eli Lilly and Company, Novar-
tis, Bristol-Myers Squibb, AstraZeneca LP, Pfizer, Johnson &
Johnson, Boehringer Ingelheim and Mannkind; has served on
the speakers bureau for Novo Nordisk, Sanofi-Aventis, Merck
Sharp and Dohme Ltd, Eli Lilly and Company and Novartis;
and her institution has received research support from Novo

Nordisk, Sanofi-Aventis, Merck Sharp and Dohme Ltd., Eli Lilly
and Company and Novartis. V. W. has been a speaker, served on
advisory boards and participated in clinical trials for Janssen,
Merck, Boehringer Ingelheim, AstraZeneca, Bristol-Myers
Squibb, Novo Nordisk, Lilly and Sanofi. C. W. has served
as a consultant for and her institution has received research
support from Janssen. B. N. is supported by a National Health
and Medical Research Council Senior Research Fellowship;
holds a research grant for this study from Janssen and for other
large-scale cardiovascular outcome trials from Roche, Servier
and Merck Schering-Plough; and has received honoraria or
travel support for contributions to the continuing medical
education programmes of Abbott, Novartis, Pfizer, Roche
and Servier. G. C., M. D., W. S., F. V. and G. M. are full-time
employees of Janssen Research & Development, LLC. G. C.,
F. V. and G. M. are shareholders of Johnson & Johnson.

G.F. contributed to the design and conduct of the study and
the interpretation of the data and wrote the first draft of the
paper. D. R. M., V. P., D. d. Z., K. W. M., C. M., V. W., C. W. and
B. N. contributed to the design and conduct of the study and
the interpretation of the data. G. C. contributed to the analysis
and interpretation of the data. M. D. and F. V. contributed to
the conduct of the study and the acquisition and interpretation
of the data. W. S. contributed to the design and conduct of
the study and the acquisition of the data. G. M. contributed
to the design and conduct of the study and the acquisition,
analysis and interpretation of the data. All authors reviewed and
approved the manuscript.

Parts of this study were previously presented in abstract
form at the 73rd Scientific Sessions of the American Diabetes
Association; 21–25 June 2013; Chicago, IL, USA and at the 49th
Annual Meeting of the European Association for the Study of
Diabetes; 23–27 September 2013; Barcelona, Spain.

Supporting Information
Additional Supporting Information may be found in the online
version of this article:

Table S1. Participant disposition.
Table S2. Baseline use of AHAs.
Table S3. Summary of efficacy endpoints at week 18 (mITT,

LOCF).
Table S4. Summary of laboratory safety parameters at

week 18.
Appendix S1. CANVAS collaborating sites.

References
1. Turnbull FM, Abraira C, Anderson RJ et al. Intensive glucose control and

macrovascular outcomes in type 2 diabetes. Diabetologia 2009; 52: 2288–2298.

2. Inzucchi SE, Bergenstal RM, Buse JB et al. Management of hyperglycemia in type
2 diabetes, 2015: a patient-centered approach: update to a position statement
of the American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes Care 2015; 38: 140–149.

3. Turner LW, Nartey D, Stafford RS, Singh S, Alexander GC. Ambulatory treatment
of type 2 diabetes in the U.S., 1997–2012. Diabetes Care 2014; 37: 985–992.

4. Rosenstock J, Aggarwal N, Polidori D et al. Dose-ranging effects of canagliflozin,
a sodium-glucose cotransporter 2 inhibitor, as add-on to metformin in subjects
with type 2 diabetes. Diabetes Care 2012; 35: 1232–1238.

90 Fulcher et al. Volume 18 No. 1 January 2016



DIABETES, OBESITY AND METABOLISM original article
5. Stenlöf K, Cefalu WT, Kim KA et al. Efficacy and safety of canagliflozin monother-

apy in subjects with type 2 diabetes mellitus inadequately controlled with diet
and exercise. Diabetes Obes Metab 2013; 15: 372–382.

6. Wilding JP, Charpentier G, Hollander P et al. Efficacy and safety of canagliflozin
in patients with type 2 diabetes mellitus inadequately controlled with met-
formin and sulphonylurea: a randomised trial. Int J Clin Pract 2013; 67:
1267–1282.

7. Lavalle-González FJ, Januszewicz A, Davidson J et al. Efficacy and safety of
canagliflozin compared with placebo and sitagliptin in patients with type 2 dia-
betes on background metformin monotherapy: a randomised trial. Diabetologia
2013; 56: 2582–2592.

8. Forst T, Guthrie R, Goldenberg R et al. Efficacy and safety of canagliflozin
over 52 weeks in patients with type 2 diabetes on background metformin and
pioglitazone. Diabetes Obes Metab 2014; 16: 467–477.

9. Neal B, Perkovic V, de Zeeuw D et al. Efficacy and safety of canagliflozin,
an inhibitor of sodium glucose co-transporter 2, when used in conjunction
with insulin therapy in patients with type 2 diabetes. Diabetes Care 2015; 38:
403–411.

10. Fulcher G, Matthews D, Perkovic V et al. Canagliflozin (CANA) in subjects with
type 2 diabetes mellitus (T2DM) inadequately controlled on sulfonylurea (SU)
monotherapy: a CANVAS substudy (Abstract 1124-P). Diabetes 2013; 62(Suppl.
1): A292.

11. Cefalu WT, Leiter LA, Yoon KH et al. Efficacy and safety of canagliflozin versus
glimepiride in patients with type 2 diabetes inadequately controlled with
metformin (CANTATA-SU): 52 week results from a randomised, double-blind,
phase 3 non-inferiority trial. Lancet 2013; 382: 941–950.

12. Schernthaner G, Gross JL, Rosenstock J et al. Canagliflozin compared with
sitagliptin for patients with type 2 diabetes who do not have adequate glycemic

control with metformin plus sulfonylurea: a 52-week, randomized trial. Diabetes
Care 2013; 36: 2508–2515.

13. Bode B, Stenlöf K, Sullivan D, Fung A, Usiskin K. Efficacy and safety of
canagliflozin treatment in older subjects with type 2 diabetes mellitus: a ran-
domized trial. Hosp Pract 2013; 41: 72–84.

14. Yale JF, Bakris G, Cariou B et al. Efficacy and safety of canagliflozin in subjects
with type 2 diabetes and chronic kidney disease. Diabetes Obes Metab 2013; 15:
463–473.

15. Yale JF, Bakris G, Cariou B et al. Efficacy and safety of canagliflozin over 52 weeks
in patients with type 2 diabetes mellitus and chronic kidney disease. Diabetes
Obes Metab 2014; 16: 1016–1027.

16. Stenlöf K, Cefalu WT, Kim KA et al. Long-term efficacy and safety of canagliflozin
monotherapy in patients with type 2 diabetes inadequately controlled with diet
and exercise: findings from the 52-week CANTATA-M study. Curr Med Res Opin
2014; 30: 163–175.

17. Leiter LA, Yoon KH, Arias P et al. Canagliflozin provides durable glycemic
improvements and body weight reduction over 104 weeks versus glimepiride in
patients with type 2 diabetes on metformin: a randomized, double-blind, Phase
3 study. Diabetes Care 2015; 38: 355–364.

18. Bode B, Stenlöf K, Harris S et al. Long-term efficacy and safety of canagliflozin
over 104 weeks in patients aged 55 to 80 years with type 2 diabetes. Diabetes
Obes Metab 2015; 17: 294–303.

19. Neal B, Perkovic V, de Zeeuw D et al. Rationale, design, and baseline character-
istics of the canagliflozin cardiovascular assessment study (CANVAS)—a ran-
domized placebo-controlled trial. Am Heart J 2013; 166: 217–223.

20. Fulcher G, Matthews DR, Perkovic V et al. Efficacy and safety of canagliflozin
used in conjunction with sulfonylurea in patients with type 2 diabetes mellitus:
a randomized, controlled trial. Diabetes Ther 2015; 6: 289–302.

Volume 18 No. 1 January 2016 doi:10.1111/dom.12589 91


