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OBJECTIVE

There are limited data about the effects of sodium–glucose cotransporter 2 inhib-
itors when used with insulin. We report the efficacy and safety of canagliflozin in
patients with type 2 diabetes using insulin.

RESEARCH DESIGN AND METHODS

The CANagliflozin CardioVascular Assessment Study is a double-blind, placebo-
controlled study that randomized participants to placebo, canagliflozin 100 mg, or
canagliflozin 300 mg once daily, added to a range of therapies. The primary end
point of this substudy was the change in HbA1c from baseline at 18 weeks among
patients using insulin; 52-week effects were also examined.

RESULTS

Individuals receiving insulin at baseline were randomized to receive placebo (n5
690), canagliflozin 100 mg (n 5 692), or canagliflozin 300 mg (n 5 690). These
individuals were 66%male and had a median age of 63 years, mean HbA1c of 8.3%
(67 mmol/mol), BMI of 33.1 kg/m2, estimated glomerular filtration rate of 75
mL/min/1.73m2, fasting plasma glucose of 9.2 mmol/L, and amedian daily insulin
dose of 60 IU. Most individuals were using basal/bolus insulin. Reductions in
HbA1c with canagliflozin 100 and 300 mg versus placebo were 20.62% (95% CI
20.69,20.54;26.8 mmol/mol [95% CI27.5,25.9]; P < 0.001) and20.73% (95%
CI20.81,20.65;28.0 mmol/mol [95% CI28.9,27.1]; P < 0.001) at 18 weeks and
20.58% (95% CI20.68,20.48;26.3 mmol/mol [95% CI27.4,25.2]) and20.73%
(95% CI 20.83, 20.63; 28.0 mmol/mol [95% CI 29.1, 26.9]) at 52 weeks. There
were significant falls in fasting plasma glucose, body weight, and blood pressure
at both time points and there was a greater incidence of hypoglycemia, genital
mycotic infections, and hypovolemia with both canagliflozin doses.

CONCLUSIONS

Canagliflozin added to insulin therapy improved glycemic control and decreased
body weight. There was a greater frequency of several anticipated side effects,
although few led to discontinuation of treatment.
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Type 2 diabetes causes a large burden of
disease around the world (1). The con-
trol of blood glucose levels is central to
the management of symptoms and the
prevention of complications (2). There
are a broad range of treatments that
can be used to lower blood glucose lev-
els, butmany patients still fail to achieve
targets (3). Accordingly, new therapies
that can lower blood glucose levels with
good safety and tolerability have signif-
icant potential in the future manage-
ment of the condition.
Inhibition of the sodium–glucose co-

transporter 2 (SGLT2) is a novel strategy
for glucose control (4–9). SGLT2 is a
high-capacity and low-affinity glucose
transporter that is expressed in the lu-
minal membranes of the proximal renal
tubules and is responsible for themajor-
ity of glucose reabsorption from the tu-
bular lumen. An inherited deficiency of
SGLT2 can produce renal glucosuria,
with some affected individuals excreting
as much as 100 g of urinary glucose per
day (5). Canagliflozin is an orally active
inhibitor of SGLT2 that reduces proximal
tubular glucose reabsorption and in-
creases urinary glucose excretion (10–
13). Treatment produces a significant
loss of glucose, with beneficial effects
on glycemic control, body weight, and
blood pressure (12,14–22). Small in-
creases in LDL and HDL cholesterol have
been observed, with the ratio remaining
unchanged (23).
Canagliflozin has a low risk of hypo-

glycemia in the absence of concomitant
therapy, although rates may be in-
creased when used in conjunction with
insulin or insulin secretagogues (23,24).
The risks of genitourinary infections
and lower urinary tract infections are
elevated with canagliflozin (23,25,26),
but the risks of upper urinary tract in-
fections are not and the rates of treat-
ment discontinuation attributed to side
effects are low (12,14–22). This report
defines the effects of canagliflozin on
indicators of glycemia, safety, and toler-
ability when used in conjunction with
insulin therapy in a prespecified sub-
study of the CANagliflozin CardioVascu-
lar Assessment Study (CANVAS).

RESEARCH DESIGN AND METHODS

Overall Design of the CANVAS Trial
CANVAS is a randomized, double-blind,
placebo-controlled, parallel-group, mul-
ticenter trial. The study is ongoing and

has randomized 4,330 individuals on a
1:1:1 basis to placebo, canagliflozin
100 mg, or canagliflozin 300 mg, with
the primary objectives being to deter-
mine the efficacy and safety of cana-
gliflozin compared with placebo.

Objectives and Specific Hypotheses
for the Insulin Substudy
The purpose of the insulin substudy of
the CANVAS trial was to define the 18-
week effects of canagliflozin (when used
in addition to insulin therapy at a dose
of $20 IU/day) on a range of efficacy,
safety, and tolerability outcomes in pa-
tients with type 2 diabetes with inade-
quate glycemic control. The objectives
of the substudy were to assess sepa-
rately the effects of each dose of cana-
gliflozin compared with placebo on
HbA1c, safety, and tolerability at the
18-week follow-up. The primary hy-
pothesis was that each dose of cana-
gliflozin would produce a greater
reduction in HbA1c compared with
placebo.

Secondary objectives of the substudy
were to determine the effects, at the 18-
week follow-up, of each dose of canagli-
flozin compared with placebo on body
weight, fasting plasma glucose, propor-
tion of participants reaching HbA1c

,7.0% (53 mmol/mol), systolic and di-
astolic blood pressure, and fasting
plasma lipids (i.e., triglycerides, HDL
cholesterol, LDL cholesterol, total cho-
lesterol, and the ratio of LDL cholesterol
to HDL cholesterol). For the 52-week as-
sessment, the defined objectives were
to determine the effects of each dose
of canagliflozin compared with placebo
on fasting plasma glucose, body weight,
systolic and diastolic blood pressure,
and fasting plasma lipids. The prespeci-
fied hypotheses for the secondary ob-
jectives were related to the 18-week
effects on fasting plasma glucose, the
proportion of participants reaching
HbA1c ,7.0% (53 mmol/mol), and body
weight.

Recruitment
Recruitment for the CANVAS study was
performed at 386 centers in 24 countries,
commencing in December 2009 and
completing in March 2011 (clinical trial
reg. no. NCT01032629, clinicaltrials
.gov). The 12-month follow-up of the fi-
nal participants included in this substudy
was completed in March 2012. Regula-
tory approval for the conduct of the trial

was obtained in each country, and ethics
approval was received at every site prior
to initiation of the trial.

Participant Inclusion and Exclusion
Criteria
Participants in the CANVAS trial are men
and women with type 2 diabetes who
have inadequate glycemic control
(HbA1c $7.0% [53 mmol/mol] and
#10.5% [91 mmol/mol]), despite current
management with glucose-lowering
strategies, and are at an elevated risk
of cardiovascular disease. The subset
included in the insulin substudy com-
prised participants that were using
$20 IU/day insulin at baseline. All par-
ticipants were required to provide in-
formed consent, be willing and able to
adhere to the study protocol require-
ments, and successfully complete the
trial screening and run-in period. To en-
sure the recruitment of a broad pop-
ulation group, there were minimal
restrictions on the use of background
therapies. Patients using insulin pumps
were not excluded from the study. All
participants had an established or an
elevated risk of cardiovascular disease
and were either$30 years of age with a
history of symptomatic atherosclerotic
vascular disease (coronary, cerebrovas-
cular, or peripheral) or$50 years of age
with two or more of the following risk
factors:$10 years duration of diabetes,
systolic blood pressure .140 mmHg
while receiving one or more or antihy-
pertensive agents, current smoking, mi-
croalbuminuria or macroalbuminuria,
or HDL cholesterol,1 mmol/L. Individ-
uals with an estimated glomerular filtra-
tion rate (eGFR) ,30 mL/min/1.73 m2

at baseline were not eligible for inclu-
sion in the study. Other exclusion crite-
ria were typical of those usually invoked
for a trial of this stage in this patient
group (27).

Screening and Run-in Period
All potential participants completed a
screening visit to establish initial eligibil-
ity and progressed to a 2-week, single-
blind, placebo run-in period if the
screening criteria were met. The pri-
mary purpose of the run-in period was
to exclude, prior to randomization,
those individuals who were unlikely to
adhere to the long-term treatment and
follow-up regimen required by the trial.
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Randomization
Randomization was performed centrally
through an interactive voice response sys-
tem or an interactive web response sys-
tem. Participants were randomly assigned
on thebasis of a computer-generated ran-
domization schedule prepared by the
study sponsor. Randomization was in a
1:1:1 ratio to one of three treatment
groups, canagliflozin 100 mg, canagliflo-
zin 300 mg, or matching placebo, using
randomly permuted blocks, with stratifi-
cation by use of background glucose-
lowering therapy at screening (i.e., insulin
alone, insulin plus metformin, or insulin
plus any other glucose-lowering agent).

Postrandomization Study Treatment
and Control
Study treatment was provided in identi-
cal blister cards of canagliflozin 100 mg,
canagliflozin 300 mg, or placebo. Partic-
ipants took their study treatment once
daily before the first meal of the day,
with all participants and all study staff
remaining blinded to individual treat-
ment allocation.

Background Drug Treatments
Participants were required to be receiv-
ing stable background glucose-lowering
therapy, including insulin, for 8 weeks
before screening and to persist with
this treatment regimen unchanged,
if possible, for the first 18 weeks after
randomization. The rationale for this
strategy was the desire to evaluate the
short-term (18-week) effects of canagli-
flozin on biomarkers while receiving
constant background therapy. A stable
dose of insulin was defined as no change
in the type(s) of insulin used and no
change of .15% in the total daily dose
of insulin used (averaged over 1 week to
account for day-to-day variability). Cri-
teria for the institution of glycemic res-
cue therapy in the first 18 weeks after
randomization were provided for pa-
tients with significant derangements of
blood glucose levels during the initial
18-week period (Supplementary Table
3). After week 18, glycemic manage-
ment was at the discretion of the re-
sponsible investigator, in line with
applicable local guidelines. Likewise,
the use of all other therapies was man-
aged according to best practice and
instituted according to local guidelines
and policies throughout the study
period.

Follow-up Schedule
Postrandomization follow-up was sched-
uled at 2, 4, 6, 9, 12, 18, 26, 39, and 52
weeks after randomization. The follow-up
performed at 2, 4, and 9 weeks after ran-
domization was by telephone, unless a
face-to-face consultation was deemed
necessary. Every follow-up contact in-
cluded inquiry about adverse events
(including safety outcomes) and con-
comitant therapies and a review of the
patient diary entries and self-monitored
blood glucose results. All face-to-face
visits also included prescription of study
medication and recording of physical
measurements. Individuals who prema-
turely discontinued study treatment
were encouraged to return for regular
assessments to ensure full ascertain-
ment of study outcomes and to support
an intention-to-treat analysis for all
outcomes.

Outcomes
The primary efficacy outcome for this
substudy was the change in HbA1c. The
secondary efficacy outcomes were fasting
plasma glucose, proportionof participants
reaching HbA1c ,7.0% (53 mmol/mol),
body weight, systolic and diastolic
blood pressure, and fasting plasma lip-
ids (i.e., triglycerides, HDL cholesterol,
LDL cholesterol, total cholesterol, and
the ratio of LDL cholesterol to HDL
cholesterol).

Safety was defined based upon the
occurrence of adverse events coded us-
ing the Medical Dictionary for Regula-
tory Activities (MedDRA), with data
reported for all adverse events, serious
adverse events, deaths, and adverse
events prespecified as being of specific
interest (i.e., genital mycotic infections
in women and men, upper and lower
urinary tract infections, fractures, and
photosensitivity). Hypoglycemia episodes,
defined as biochemically documented epi-
sodes (concurrent fingerstick or plasma
glucose #3.9 mmol/L, irrespective of
symptoms), and severe hypoglycemia
episodes (i.e., requiring the assistance
of another individual or resulting in sei-
zure or loss of consciousness) were also
reported. The proportion of participants
permanently discontinuing randomized
treatment was recorded.

Statistical Analyses
Efficacy and safety analyses were perfor-
med using the modified intent-to-treat
population, consisting of all eligible

randomized patients who received $1
dose of the study drug. The last observa-
tion carried forward (LOCF) approach was
used to impute missing efficacy data. Ef-
ficacy end points of a continuous nature
were assessed using an ANCOVA model,
with treatment and stratification factor
(i.e., background glucose-lowering ther-
apy at screening) as fixed effects, and the
corresponding baseline value as a cova-
riate. Least squares mean differences
between treatment groups and the asso-
ciated two-sided 95%CIswere estimated
based on this model. The categorical sec-
ondary efficacy end point (i.e., the pro-
portion of patients reaching HbA1c

,7.0% [53 mmol/mol]) was analyzed
using a logistic regression model, includ-
ing terms for treatment and stratifica-
tion factor and adjusting for baseline
HbA1c as a covariate. A prespecified, hi-
erarchical testing sequence, which con-
trols the type I error rate by ordering the
hypotheses to undergo statistical test-
ing, was used to evaluate the prespeci-
fied 18-week hypotheses (28). For all
other outcomes where no hypothesis
was prespecified, the data are pre-
sented as point estimates and 95% CIs
with no P value. The primary efficacy
analyses at 18 weeks were calculated
censoring the data after the initiation
of rescue therapy. All other analyses
were computed regardless of the
use of nonrandomized background
therapies.

The constancy of effects in participant
subgroups defined by sex, age, race, eth-
nicity, BMI, baseline HbA1c, and baseline
eGFRwas explored for the 52-week time
point. Analyses were undertaken for the
primary outcome only, with the effects
in subgroups compared using tests of
the treatment by subgroup interaction
to assess homogeneity. A series of sen-
sitivity analyses was calculated to check
the robustness of the study findings.
First, the 18-week efficacy analyses
were repeated including participants re-
gardless of whether they required res-
cue therapy. Second, the efficacy
analyses were repeated for all CANVAS
trial participants who recorded any use
of insulin at baseline (i.e., $1 IU/day,
n = 2,168; see data in Supplementary
Data) and, third, for the smaller group
of participants using a baseline insulin
dose of $30 IU/day (n = 1,718; data
not shown, but conclusions not differ-
ent). Finally, subsequent to locking the
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substudy database, there were two indi-
viduals identified who had implausible
low LDL cholesterol values at baseline
(possibly because of laboratory errors),
who were excluded from the lipid ana-
lyses but were included in all other
analyses.

RESULTS

During a recruitment period of 15
months, there were 7,691 individuals
who were screened and 4,330 who
were randomized (Supplementary Fig.
1). There were 2,074 CANVAS trial par-
ticipants who met the inclusion criteria
for this substudy (insulin use at a dose
of $20 IU/day), with 2 participants ex-
cluded from the final analysis since
they received no dose of the random-
ized treatment. Furthermore, there
were 94 individuals receiving treatment
with insulin at baseline at a dose of 1–19
IU/day, and therewere 1,718 individuals
in the subset of participants receiving
insulin at baseline at a dose$30 IU/day.
Among the 2,072 individuals included in
the primary analysis, there were 690 as-
signed to placebo, 692 assigned to cana-
gliflozin 100 mg, and 690 assigned to
canagliflozin 300 mg (Supplementary
Fig. 1). Four percent of each active treat-
ment group and 8% of the placebo
group required rescue therapy during
the first 18 weeks. At the end of 52
weeks, the change in the total daily
dose of insulin from baseline was 4.4
IU/day (11%), 22.0 IU/day (21%), and
24.3 IU/day (24%) among individuals
receiving placebo, canagliflozin 100
mg, and canagliflozin 300 mg, respec-
tively. A total of 88% of participants
completed the scheduled 52-week
follow-up visits. At 18 weeks, there
were an estimated 94% assigned to pla-
cebo, 95% assigned to canagliflozin 100
mg, and 94% assigned to canagliflozin
300 mg who were still receiving random-
ized treatment; the corresponding per-
centages at 52 weeks were 85%, 89%,
and 89%, respectively.

Baseline Characteristics of
Participants
At entry into the study, the median age
of participants was 63 years, the mean
HbA1c was 8.3% (67 mmol/mol), the
mean BMI was 33.1 kg/m2, the mean
eGFR was 75 mL/min/1.73 m2, and the
mean fasting plasma glucose was 9.2
mmol/L (Table 1). The median daily

insulin dose was 60 IU, with most using
basal/bolus insulin regimens. The mean
duration of diabetes was 16 years. About
one-quarter of participants were receiv-
ing background sulfonylurea therapy,
two-thirds were receiving metformin
therapy, and three-quarters each were
receiving statin and antithrombotic ther-
apy. All characteristics were balanced
across randomized groups at baseline.

Effects of Canaglif lozin on Efficacy
Outcomes
Both doses of canagliflozin significantly
reduced the primary outcome of HbA1c
relative to placebo at week 18 (both P,
0.001), with comparable reductions also
seen at week 52 (Table 2, Fig. 1). There
were also reductions in the secondary
outcomes of body weight and fasting
plasma glucose (all P , 0.001, Table 2)
and increases in the proportion of pa-
tients achieving HbA1c ,7.0% (53
mmol/mol) (both P , 0.001, Fig. 1)
with both canagliflozin doses versus pla-
cebo at week 18. Similar effects were
seen for all outcomes at week 52. Cana-
gliflozin 100 and 300 mg also provided
dose-dependent reductions in systolic
blood pressure compared with placebo
at both time points (Table 2). The higher
dose of canagliflozin raised HDL choles-
terol levels compared with placebo at
both 18 and 52 weeks, but the lower
dose raised levels only at 52weeks. Cana-
gliflozin 100 and 300mg caused an eleva-
tion in LDL cholesterol at 18 and 52
weeks, but there was no detectable
change in the ratio of LDL cholesterol
to HDL cholesterol at either time point
for either dose. There was a reduction in
triglycerides only with the 300-mg dose
at 52 weeks. Where effects were appar-
ent, they were mostly numerically
greater for the higher dose. Analyses
that did not censor individuals requiring
rescue therapy in the first 18 weeks
showed almost identical results (Supple-
mentary Table 1). Likewise, sensitivity
analyses that included patients using in-
sulin at any dose (Supplementary Table
2) or only at doses $30 IU (data not
shown) did not change the conclusions.
Subgroup analyses identified greater ef-
fects on HbA1c only for younger individ-
uals compared with older individuals (P =
0.02) and for more obese individuals com-
pared with less obese individuals (P =
0.05), but there was no evidence of an
interaction between treatment effect

and the other baseline characteristics
studied (all P values .0.17; Supplemen-
tary Fig. 2). Active treatment was ob-
served to reduce albuminuria at both
doses at 12- and 52-week time points
compared with placebo, with mean re-
ductions in the albumin-to-creatinine
ratio of 29.6 (95% CI 213.0, 26.1)
for the 100-mg dose and 29.5 (95%
CI 212.9, 26.0) for the 300-mg dose
at 52 weeks.

Effects of Canagliflozin on Safety and
Tolerability Outcomes
At 52 weeks of follow-up, adverse
events were reported for 77%, 78%,
and 81% of participants treated with
placebo, canagliflozin 100 mg, and cana-
gliflozin 300 mg, respectively (Table 3).
The corresponding percentages for seri-
ous adverse events were 17%, 14%, and
15%, respectively. Adverse events lead-
ing to discontinuation of treatment
were significantly more frequent with
canagliflozin treatment compared with
placebo, as were genital mycotic infec-
tions in men and women, and volume-
related adverse events. Genital mycotic
infections were more common with
both doses of canagliflozin for women
and men, but there was no evidence of
an increased rate of upper or lower uri-
nary tract infections. Adverse events at-
tributable to volume depletion were
mostly postural hypotension and dizzi-
ness. The rates of documented hypogly-
cemia were not significantly greater
with canagliflozin than placebo, and
the proportion of cases defined as se-
vere hypoglycemia was low and was
not significantly different across treat-
ment groups (Table 3). There was a de-
cline in the mean eGFR at 52 weeks of
21.2 mL/min/1.73 m2 (95% CI 22.3,
20.1) with the 100-mg dose and 22.1
mL/min/1.73 m2 (95% CI 23.2, 20.9)
with the 300-mg dose. These effects
were attenuated compared with the
18-week findings of a decline in mean
eGFR of 22.6 mL/min/1.73 m2 (95% CI
23.6, 21.6) with the 100-mg dose and
23.2mL/min/1.73m2 (95% CI24.2,22.2)
with the 300-mg dose.

CONCLUSIONS

There were clear beneficial effects on
HbA1c of adding canagliflozin to back-
ground insulin therapy. These benefits
were apparent at 18 weeks and were
sustained through 52 weeks for both
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doses of canagliflozin compared with
placebo. The reductions in HbA1c were
accompanied by favorable effects on
body weight and blood pressure, which
were also observed for both doses and
over 52 weeks. These benefits were
accompanied by the adverse effects

anticipated for the drug class (24). Ef-
fects on lipid metabolism were incon-
sistent, but the broad pattern was
similar to that reported previously (23).
The net impact of the changes in lipid
parameters produced by canagliflozin is
uncertain, with the elevation in LDL

cholesterol accompanied by a rise in
HDL cholesterol that leaves the ratio of
LDL cholesterol to HDL cholesterol un-
changed. The hazard ratio for cardiovas-
cular events reported during the
regulatory review process prior to mar-
keting was not suggestive of harm and

Table 1—Baseline characteristics of randomized participants using insulin (‡20 IU/day) at baseline

Placebo
(n = 690)

Canagliflozin 100 mg
(n = 692)

Canagliflozin 300 mg
(n = 690)

Age (years), median (range) 63.0 (38–82) 62.0 (32–83) 63.0 (37–85)

Female (%) 34 33 35

Race (%)*
White 75 76 76
Asian 18 15 15
Black 3 2 3
Other† 5 7 6

Current smoker, n (%) 114 (17) 96 (14) 99 (14)

Duration of diabetes (years), mean (SD) 16.0 (7.8) 16.4 (7.3) 16.3 (7.4)

Insulin dose (IU/day), median 58 60 60

Insulin therapy, n (%)‡
Basal plus bolus 427 (62) 443 (64) 428 (62)
Basal alone 178 (26) 189 (27) 182 (26)
Bolus alone 76 (11) 49 (7) 66 (10)

Other drug therapy, n (%)
Sulfonylurea 170 (25) 165 (24) 156 (23)
Metformin 438 (64) 435 (63) 430 (62)
Statin 521 (76) 538 (78) 513 (74)
Antithrombotic 504 (73) 501 (72) 506 (73)

Microvascular disease, n (%)
Retinopathy 193 (28) 189 (27) 213 (31)
Nephropathy 146 (21) 141 (20) 133 (19)
Neuropathy 277 (40) 260 (38) 293 (43)

Atherosclerotic vascular disease, n (%)§
Coronary 350 (51) 343 (50) 378 (55)
Cerebrovascular 110 (16) 107 (16) 118 (17)
Peripheral 109 (16) 115 (17) 135 (20)
Any 436 (63) 434 (63) 470 (68)

BMI (kg/m2), mean (SD) 33.1 (6.5) 33.0 (6.5) 33.3 (6.2)

Body weight (kg), mean (SD) 94.8 (22.3) 94.4 (21.6) 94.8 (21.3)

SBP (mmHg), mean (SD) 137.8 (16.2) 136.9 (16.7) 137.1 (16.7)

DBP (mmHg), mean (SD) 77.2 (10.3) 76.2 (9.9) 76.3 (9.8)

HbA1c, mean (SD)
% 8.3 (0.9) 8.3 (0.9) 8.3 (0.9)
mmol/mol 67.0 (9.8) 67.0 (9.8) 67.0 (9.8)

FPG (mmol/L), mean (SD) 9.2 (2.7) 9.2 (2.7) 9.2 (2.8)

Total cholesterol (mmol/L), mean (SD) 4.3 (1.2) 4.3 (1.2) 4.3 (1.0)

Triglycerides (mmol/L), mean (SD) 2.0 (1.9) 2.0 (1.3) 1.9 (1.3)

HDL cholesterol (mmol/L), mean (SD) 1.2 (0.3) 1.2 (0.3) 1.2 (0.3)

LDL cholesterol (mmol/L), mean (SD) 2.2 (0.9) 2.2 (0.9) 2.3 (0.9)

LDL-to-HDL cholesterol ratio, mean (SD) 2.0 (0.9) 1.9 (0.8) 2.0 (0.9)

eGFR (mL/min/1.73 m2), mean (SD) 74.9 (19.2) 76.2 (19.1) 73.7 (18.7)

eGFR ,60 mL/min/1.73 m2, n (%) 140 (20) 130 (19) 149 (22)

ACR (mg/g), mean (SD) 139.5 (459.6) 105.8 (418.2) 113.3 (344.8)

Microalbuminuria, n (%) 159 (23) 188 (27) 156 (23)

Macroalbuminuria, n (%) 69 (10) 46 (7) 54 (8)

ACR, albumin-to-creatinine ratio; DBP, diastolic blood pressure; FPG, fasting plasma glucose; SBP, systolic blood pressure. *Percentages may not
total 100% due to rounding. †Including American Indian or Alaskan Native, Native Hawaiian or other Pacific Islander, multiple, other, and unknown.
‡Data on dosing regimen are missing for 1–2% of individuals. §Some participants had more than one type of atherosclerotic disease at baseline.
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ruled out large adverse effects of the
compound (23).
The observed additive effects of cana-

gliflozin on top of insulin are anticipated

on the basis of the different mechanism
of action of the compound. Because
canagliflozin acts independently of insu-
lin, it should be an effective treatment

choice at most stages of the disease and
also when used in conjunction with
most other glucose-lowering therapies.
Furthermore, the combination of cana-
gliflozin with insulin may offer advant-
ages compared with the combination of
insulin with other oral agents because
the use of canagliflozin may mitigate
against the risks of hypoglycemia and
weight gain that can be exacerbated
by some other drug classes (29). The
subset of patients among whom glucose-
lowering efficacy might be reduced is
those with renal impairment (23), and
this might explain the lesser effect of
canagliflozin among older individuals
in this study. Alternatively, this may
also be a chance finding because, as
for the observed interaction with obe-
sity, the P value was not extreme and
age and obesity have not been identi-
fied as effect modifiers in larger data
sets (23).

The 300-mg dose of canagliflozin was
associated with numerically greater ef-
fects on most efficacy outcomes, al-
though the incremental changes were
moderate when compared against the
differences between the 100-mg dose
of canagliflozin and placebo. The addi-
tional efficacy effects conferred by the
higher dose were achieved at the

Table 2—Effects of each dose of canagliflozin compared with placebo on primary, secondary, and other efficacy outcomes at
18 and 52 weeks in patients using insulin (‡20 IU/day)

18 weeks* 52 weeks†

Canagliflozin 100 mg
vs. placebo

(n = 661 vs. 636)‡

Canagliflozin 300 mg
vs. placebo

(n = 660 vs. 636)‡

Canagliflozin 100 mg
vs. placebo

(n = 664 vs. 639)‡

Canagliflozin 300 mg
vs. placebo

(n = 664 vs. 639)‡

Change in HbA1c§
% 20.62 (20.69, 20.54)| 20.73 (20.81, 20.65)| 20.58 (20.68, 20.48) 20.73 (20.83, 20.63)
mmol/mol 26.8 (27.5, 25.9) 28.0 (28.9, 27.1) 26.3 (27.4, 25.2) 28.0 (29.1, 26.9)

Change in body weight (%)§ 21.9 (22.2, 21.6)| 22.4 (22.7, 22.1)| 22.8 (23.3, 22.4) 23.5 (23.9, 23.0)

Change in FPG (mmol/L)§ 21.2 (21.4, 20.9)| 21.6 (21.8, 21.3)| 21.1 (21.4, 20.9) 21.5 (21.7, 21.2)

Change in SBP (mmHg) 22.3 (23.7, 21.0) 24.1 (25.5, 22.8) 23.1 (24.6, 21.7) 26.2 (27.7, 24.8)

Change in DBP (mmHg) 21.0 (21.8, 20.2) 21.7 (22.5, 20.9) 21.2 (22.0, 20.3) 22.4 (23.2, 21.5)

Proportion with HbA1c ,7.0% (%)§ 11.5 (7.6, 15.4)| 17.4 (13.3, 21.5)| 13.3 (9.3, 17.4) 18.7 (14.5, 23.0)

Change in HDL cholesterol (%) 1.1 (20.8, 3.0) 4.5 (2.6, 6.4) 2.3 (0.5, 4.1) 5.0 (3.3, 6.8)

Change in triglycerides (%) 21.0 (25.5, 3.4) 22.7 (27.1, 1.8) 21.6 (26.5, 3.3) 25.6 (210.5, 20.7)

Change in LDL cholesterol (%)¶ 5.5 (20.9, 11.9) 4.9 (21.5, 11.3) 3.5 (22.0, 8.9) 6.8 (1.3, 12.2)

Change in total cholesterol (%) 1.1 (20.7, 3.0) 2.8 (0.9, 4.7) 1.6 (20.5, 3.7) 3.1 (1.0, 5.2)

Change in LDL-to-HDL cholesterol ratio (%)§ 4.0 (22.5, 10.4) 0.4 (26.0, 6.8) 1.1 (24.6, 6.8) 0.7 (25.0, 6.4)

Change in non-HDL cholesterol (%) 1.0 (21.6, 3.6) 2.2 (20.4, 4.8) 1.8 (21.3, 4.9) 2.7 (20.5, 5.7)

Data are presented as difference (95% CI). DBP, diastolic blood pressure; FPG, fasting plasma glucose; SBP, systolic blood pressure. *For patients not
requiring rescue therapy. †For all participants regardless of need for rescue therapy. ‡Exact n for the primary outcome or patients with missing data,
the last observation was carried forward. §Indicates end points that were prespecified for hypothesis testing at week 18. |P, 0.001 vs. placebo for
all prespecified hypotheses. ¶Outlying data from two subjects were excluded at week 52. Differences (95% CI) vs. placebo for canagliflozin 100 mg
and 300mg with outliers included the following: LDL cholesterol, 16.7% (0.3, 33.0) and 7.4% (29.1, 23.8), respectively; LDL-to-HDL cholesterol ratio,
11.2% (22.2, 24.7) and 0.8% (212.7, 14.3), respectively.

Figure 1—Effects of each dose of canagliflozin compared with placebo on measures of glycemia in
patients using insulin ($20 IU/day). A: LS mean change in HbA1c from baseline to week 52. For
patients with missing data, the last observation was carried forward. B: Proportion of patients reach-
ing HbA1c ,7.0% (53 mmol/mol) at 18 and 52 weeks. LS, least squares. *P, 0.001 vs. placebo.
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expense of an increased risk of drug-
related adverse events, driven primarily
by a dose-related increase in side effects
attributable to volume depletion. The
balance of risks and benefits associated
with each dose will need to be deter-
mined on an individual basis by the pre-
scribing physician.
The adverse effects of canagliflozin

observed in this subset of patients using
background insulin are those antici-
pated for the drug class (24). Genital
mycotic infections were common but
were generally mild or moderate in in-
tensity, were managed with topical or
oral antifungal drugs, and led to few dis-
continuations of randomized treatment.
Rates of urinary tract infections were
not clearly higher, although pooled anal-
yses of larger data sets show that this is
an adverse effect of this drug class when
used in patients with diabetes (24).
Symptoms attributable to volume de-
pletion were dose related but did not
cause serious adverse outcomes. There
have been reports (24) of adverse ef-
fects of blood pressure–lowering agents
on fall-related fractures attributed to
volume depletion, and this also may be
an effect of the SGLT2 drug class. The
few fracture events recorded in this sub-
study were, however, balanced across

groups. The observed decline in eGFR
occurred relatively early (i.e., within
the first 3–6 weeks after initiating ther-
apy with canagliflozin), was attenuated
over time, and was not associated with
an excess of renal adverse events. The
time course of the decline in eGFR par-
allels that of reduced numbers of intra-
vascular volume adverse events, which
also start early after initiating therapy
with canagliflozin (30). The reduction in
the albumin-to-creatinine ratio could
be attributed to the effects of canagli-
flozin on blood pressure or blood glu-
cose, and there is also some evidence
to support a mechanism based upon
tubuloglomerular feedback (31). The
mechanism for weight loss was not ex-
plored in this trial, but other studies
(15) have reported that about two-
thirds of the effect is due to a reduction
in fat.

A key strength of this study is its large
size and its robust randomized and con-
trolled design. The conduct of analyses
at both 18 and 52 weeks provides esti-
mates of both short- and medium-term
effects, although the long-term impact
of canagliflozin in this group remains to
be established. The completeness of
follow-up for the main efficacy and
safety outcomes was good and the

findings were robust to a series of sen-
sitivity analyses. It is possible that some
individuals may have been unblinded
because of the effects of active treat-
ment on diuresis or glucosuria, but this
is unlikely to have substantively im-
pacted the main trial conclusions, which
are based mostly on fairly objective out-
come measures. The absence of clear
evidence about the effects of canagliflo-
zin on definitive clinical outcomes in ei-
ther this population using insulin or in
broader patient groups with diabetes
remains a significant shortcoming of
the existing evidence base, although
this should be rectified as a series of
large ongoing trials are completed over
the coming years. The enrollment of a
high-risk patient group in the CANVAS
trial was performed both to ensure
that the study had power to address
its efficacy and safety objectives and to
increase the diversity of participants in
the broader canagliflozin development
program. While aspects of the results
obtained here cannot be generalized
directly to other patient populations,
it is likely that the proportionate ef-
fects observed here are more broadly
applicable. Older patients may have in-
dividualized HbA1c targets above the
7.0% level defined as a secondary out-
come for this study. It is of note that
similarly large and significant benefits
of canagliflozin compared with placebo
were also observed when effects on
target levels of 7.5% and 8.0% were
examined.

In conclusion, canagliflozin appears to
offer significant benefits when used in
conjunction with insulin therapy. How-
ever, additional data are required for
the subset of patients using insulin
and for patients with diabetes more
broadly to objectively define the ef-
fects of canagliflozin on major clinical
outcomes.
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