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Introduction: Deciding on an optimal medication choice for type 2 diabetes is often challeng-
ing, due to the increasing number of treatment options. Canagliflozin is a novel glucose-lowering
agent belonging to sodium—glucose co-transporter 2 (SGLT2) inhibitors.

Aim: The aim of this study was to examine and summarize the evidence based on the efficacy,
safety, and cost-effectiveness of canagliflozin for type 2 diabetes.

Evidence review: Compared to placebo, canagliflozin 100 and 300 mg lower glycated hemo-
globin (HbA 1c) by ~0.6%—0.8%, respectively. Canagliflozin appears to be slightly more effective
than dipeptidyl peptidase-4 (DPP-4) inhibitors in reducing HbA1c. It also has a favorable effect
on body weight and blood pressure, both versus placebo and most active comparators. However,
treatment with canagliflozin is associated with increased incidence of genital tract infections
and osmotic diuresis-related adverse events. Based on short-term data, canagliflozin is not
associated with increased risk for all-cause mortality and cardiovascular outcomes. Economic
evaluation studies from various countries indicate that canagliflozin is a cost-effective option
in dual- or triple-agent regimens.

Place in therapy: As monotherapy, canaglifiozin could be used in patients for whom metfor-
min is contraindicated or not tolerated. For patients on background treatment with metformin,
canagliflozin appears to be superior to sulfonylureas with respect to body weight, blood pressure
and risk for hypoglycemia, and to DPP-4 inhibitors in terms of lowering HbA1c, body weight,
and blood pressure. Canagliflozin also seems to be cost-effective compared with sulfonylureas
and DPP-4 inhibitors as add-on to metformin monotherapy, and compared with DPP-4 inhibi-
tors as add-on to metformin and sulfonylurea.

Conclusion: Current evidence on intermediate efficacy outcomes, short-term safety and
cost-effectiveness support the use of canagliflozin in patients on background treatment with
metformin. Robust long-term data regarding the effect of canagliflozin on cardiovascular
endpoints will be available upon completion of the Canagliflozin Cardiovascular Assessment
Study (CANVAS) trial.

Keywords: canagliflozin, type 2 diabetes mellitus, evidence-based review, efficacy, safety,
cost-effectiveness, tolerability, cardiovascular outcomes
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Outcome measure Evidence Implications

Disease-oriented evidence

Glycemic efficacy versus placebo  Clear (pair-wise Canagliflozin 100 and 300 mg
once daily reduce HbAlc by
0.6%—0.8%, respectively

(Continued)

meta-analyses of randomized
controlled trials [RCTs])

submit your manuscript
Dove

http:

Core Evidence 2017:12 1-10 |
© 2017 Karagiannis et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.
5Y _No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress

Karagiannis et al

Dove

(Continued)
Outcome measure

Evidence

Implications

Glycemic efficacy
versus other
antidiabetic agents

Reduction in body
weight

Reduction in arterial
blood pressure

Clear versus sitagliptin
(pair-wise meta-analyses
of RCTs)

Substantial versus other
comparators (network
meta-analyses of RCTs)

Clear versus placebo
and sitagliptin (pair-wise
meta-analyses of RCTs)
Substantial versus other
comparators (network
meta-analyses of RCTs)
Clear versus placebo
and sitagliptin (pair-wise
meta-analyses of RCTs)
Substantial versus other
comparators (network
meta-analyses of RCTs)

Patient-oriented evidence

Hypoglycemia

Urinary and genital
tract infections

Intravascular volume
reduction and
osmotic diuresis
Cardiovascular
outcomes

Economic evidence
Monotherapy

Dual therapy

Triple therapy

Clear versus placebo
and sitagliptin (pair-wise
meta-analyses of RCTs)
Substantial versus other
comparators (network
meta-analyses of RCTs)

Clear (pair-wise and
network meta-analyses
of RCTs)

Substantial (pooled
analyses of RCTs)

Moderate (meta-analyses
of short-term RCTs)

Substantial (mostly
conference abstracts of
cost-effectiveness studies)
Substantial (mostly
conference abstracts

of cost-effectiveness
studies)

Substantial (mostly
conference abstracts
of cost-effectiveness
studies)

Canagliflozin 300 mg reduces HbAlc by 0.2%
compared with sitagliptin 100 mg

Canagliflozin may be slightly more effective in
reducing HbAIc compared with other SGLT2
inhibitors, linagliptin, and saxagliptin, and appears
to be of similar efficacy with sulfonylureas,
pioglitazone, and glucagon-like peptide-|
receptor agonists (GLP-1 RA)

Canagliflozin 100 and 300 mg confer reductions
of 2 and 2.8 kg in body weight compared with
placebo, respectively

Canagliflozin seems to be more effective in
reducing body weight compared with DPP-4
inhibitors

Compared with placebo, canagliflozin 100 and
300 mg reduce systolic blood pressure by 4.2 and
5.4 mmHg, respectively

Canagliflozin reduces systolic blood pressure by
4 mmHg compared with sitagliptin

Canagliflozin is superior to sulfonylureas and
saxagliptin, and similar to pioglitazone, linagliptin,
vildagliptin, and GLP-1 RA in terms of systolic
blood pressure reduction

Canagliflozin is associated with an increased risk
for hypoglycemia compared with placebo (odds
ratio ranging between 1.5 and 1.6) and is similar
to sitagliptin

Risk for hypoglycemia with canagliflozin seems

to be lower compared with sulfonylureas, and
similar to other DPP-4 inhibitors and GLP-I1 RA
Incidence of urinary tract infections does not
significantly differ between canagliflozin and
placebo

Incidence of genital infections is higher with
canagliflozin compared with placebo (odds ratio
ranging between 4.9 and 5.2) and compared with
active control (excluding other SGLT2 inhibitors)
Canagliflozin is associated with an increased
incidence of adverse events related to osmotic
diuresis compared with placebo

Canagliflozin is not associated with increased risk
for all-cause mortality and cardiovascular outcomes

In the UK, canagliflozin as monotherapy appears
to be cost-effective versus DPP-4 inhibitors, but
not versus sulfonylureas or pioglitazone

As add-on to metformin, canagliflozin is likely to
be cost-effective compared to sitagliptin in the
UK, Ireland, France, Belgium, Sweden, Norway,
Spain, Portugal, Slovakia, and the Czech Republic
In comparison to sulfonylureas, canagliflozin
seems cost-effective in Ireland, Belgium, Sweden,
Norway, Poland, and the Czech Republic

As add-on to metformin and sulfonylurea,
canagliflozin is likely to be cost-effective
compared with sitagliptin in the UK, Ireland,
France, Belgium, Norway, Spain, Portugal,
Slovakia, the Czech Republic, Canada, and Brazil
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Introduction
It is estimated that, worldwide, more than 284 million people
have diabetes, and this number is expected to reach 440
million by 2030." Type 2 diabetes accounts for more than
90% of these cases' and is associated with high mortality
and morbidity, given that the risk for developing cardiovas-
cular disease is twofold in diabetic patients.> Moreover, the
costs associated with management of type 2 diabetes and its
complications are increasing, conferring a large economic
burden on a global scale.’

Most patients with type 2 diabetes will eventually require
a combination of different medications, to achieve or main-
tain glycemic control.* However, deciding on an optimal treat-
ment choice often poses a major challenge, especially after
failure with metformin monotherapy, due to the constantly
increasing number of available antidiabetic medications.**¢

Canagliflozin is a novel oral antidiabetic agent belonging
to the class of sodium—glucose co-transporter 2 (SGLT2)
inhibitors.” Canagliflozin inhibits glucose reabsorption in the
proximal tubule, leading to increased urinary glucose excre-
tion and subsequently to reduction in plasma glucose con-
centration, in individuals with hyperglycemia.® Canagliflozin
at a daily dose of 100 or 300 mg has received approval both
in the USA ° and Europe! for use in patients with type 2
diabetes, while its current placement in treatment algorithms
is in second or third line of therapy.>!''!* The objective of
this review is to update and summarize the evidence base
with respect to the efficacy, safety, and cost-effectiveness of
canagliflozin for type 2 diabetes.

Methods

Information on clinical efficacy and safety was based on
data from pertinent systematic reviews and meta-analyses of
randomized controlled trials (RCTs). These were identified
through PubMed, using free text terms and MeSH (Medical
Subject Headings) terms for canagliflozin, combined with
search filters for systematic reviews'* and RCTs.! Pair-
wise meta-analyses reporting direct comparisons between
canagliflozin and its comparators were primarily selected.
If such data were not available, we used information from
individual RCTs or network meta-analyses. Economic evalu-
ation evidence was retrieved from cost-effectiveness studies
that compared canagliflozin with other antidiabetic agents
and reported incremental cost-effectiveness ratio (ICER)
values per quality-adjusted life year (QALY) gained. Such
studies were identified through search of PubMed, using the
keyword “canagliflozin” in combination with a search filter
for economic studies.'® In addition, we searched ISPOR

(International Society for Pharmacoeconomics and Out-
comes Research) Scientific Presentations Database!” and
the websites of the National Institute for Health and Care
Excellence (NICE)'® and the Canadian Agency for Drugs and
Technologies in Health (CADTH).!” All searches were run on
30 December 2016, while the study selection process, both
for clinical and cost-effectiveness evidence, was conducted
by one reviewer.

Clinical efficacy

Glycated hemoglobin

As monotherapy, canagliflozin 300 mg conferred a placebo-
subtracted change in glycated hemoglobin (HbAlc) of
—1.08% (95% confidence interval: —1.25, —0.90), based on
data from two RCTs.?° Similarly, a meta-analysis of studies
assessing canagliflozin as add-on to metformin concluded
that canagliflozin 100 and 300 mg reduced HbA 1c by 0.59%
(0.51,0.67) and 0.74% (0.66, 0.82) compared with placebo.”!
Moreover, based on a meta-analysis of six placebo-controlled
trials with a duration of at least 26 weeks, treatment with
canagliflozin, either as monotherapy or add-on treatment,
reduced HbAlc by 0.63% (0.49,0.77) and 0.8% (0.62, 0.98)
at a daily dose of 100 and 300 mg, respectively.? In addition,
patients receiving canagliflozin were more likely to achieve
the HbAlc target of <7% (risk ratio [RR] versus placebo
1.75% [1.54, 1.99] and 2.28% [1.91, 2.72] for canagliflozin
100 and 300 mg, respectively).?

Direct comparative evidence for canagliflozin versus
other antidiabetic agents are available for metformin (one
study),” glimepiride (one study),” and sitagliptin (three
studies).?® A 26-week RCT in drug-naive patients demon-
strated noninferiority of canagliflozin 100 and 300 mg, in
terms of both HbA1c reduction and achievement of HbAlc
<7%, compared with metformin.?® In addition, in patients
on background treatment with metformin, canagliflozin
300 mg provided durable glycemic improvements versus
glimepiride over a period of 104 weeks (weighted mean
difference [WMD] —0.18% [—0.29, —0.08]).2* Furthermore,
a meta-analysis of three RCTs showed that canagliflozin
300 mg significantly reduced HbAlc by 0.24% (0.09, 0.4)
compared with sitagliptin 100 mg.?°

Based on a network meta-analysis of SGLT2 inhibitors,
canagliflozin 100 mg conferred greater HbAlc reductions
compared with dapagliflozin 5 mg (—0.2% [—0.35, —0.05])
and empaglifiozin 10 mg (—0.16% [—0.29, —0.03]), whereas
canagliflozin 300 mg was more effective compared with all
controls, including dapagliflozin 10 mg and empagliflozin
25 mg.” Conversely, in another network meta-analysis,

Core Evidence 2017:12

submit your manuscript 3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Karagiannis et al

Dove

which assessed SGLT2 inhibitors as dual therapy, fewer
patients achieved an HbA 1c <7% with canagliflozin 100 mg
compared with empagliflozin 10 and 25 mg, even though no
significant differences were evident in terms of change in
HbA ¢ from baseline.?® When used as add-on to metformin
monotherapy, a network meta-analysis combining data for
both canagliflozin doses suggested that canagliflozin was
more effective in reducing HbAlc than dapagliflozin, nat-
eglinide, and saxagliptin and inferior to insulin glargine.?
In a similar network meta-analysis of trials with patients
on background treatment with metformin and sulfonylurea,
canagliflozin led to greater reductions in HbAlc compared
with empagliflozin, linagliptin, and sitagliptin and was of
similar glycemic efficacy to dapagliflozin, thiazolidinedio-
nes, glucagon-like peptide-1 receptor agonists (GLP-1 RA),
saxagliptin, vildagliptin, and insulin glargine.?®

Fasting plasma glucose

Compared with placebo, fasting plasma glucose (FPG) was
significantly reduced, both with canagliflozin 100 mg (—1.49
mmol/L [-1.68, —1.29]) and 300 mg (—1.8 mmol/L [-2.1,
—10.49]), when administered as add-on to metformin.?! Based
on data from individual trials, canagliflozin 300 mg was more
effective in reducing FPG compared with metformin (—0.5
mmol/L [—0.9, —0.1])* and glimepiride (—0.7 mmol/L [-0.9,
—0.4]),** whereas canagliflozin 100 mg did not differ from
metformin (—0.2 mmol/L [-0.6, 0.2]).2 Moreover, a meta-
analysis of two RCTs demonstrated a significant difference
in FPG levels between canagliflozin 300 mg and sitagliptin
100 mg (=1.03 mmol/L [-1.29, —0.76]).? Regarding dif-
ferences among individual SGLT?2 inhibitors, canagliflozin
300 mg reduced FPG to a greater extent compared with
dapagliflozin 5 and 10 mg and empaglifiozin 10 and 25 mg,
whereas canagliflozin 100 mg was superior to dapagliflozin
5 mg (—0.48 mmol/L [—0.83, —0.13]) and similar to all other
comparators.?

Body weight

A meta-analysis of seven placebo-controlled trials demon-
strated superiority of canagliflozin 300 mg with respect to
body weight reduction (WMD —2.6 kg [-2.9, —2.3]).%° This
favorable effect was also evident in a meta-analysis of RCTs
with a minimum duration of 24 weeks, which showed sig-
nificant improvement in body weight versus placebo, both
for canagliflozin 300 mg (—2.8 kg [-3.21, —2.39]) and 100
mg (-2 kg [-2.35,—1.65]).” Of note, based on data from six
studies, the percent change from baseline in body weight ver-
sus placebo was —2.09% (—2.43,—1.75) and —2.66% (—3.18,

—2.14) for canagliflozin 100 and 300 mg, respectively.?! In
addition, in a pooled analysis of four placebo-controlled tri-
als, 82—-85% of patients treated with canagliflozin 100 and
300 mg, respectively, experienced weight loss, compared
with 55% of placebo-treated patients.’! Interestingly, each
1% reduction in weight loss was associated with a 0.045%
reduction in HbAlc.*! Approximately, 85% of the placebo-
subtracted reductions in HbAlc were weight-loss indepen-
dent, whereas 15% were weight-loss associated.!

Based on direct comparative evidence from head-to-head
RCTs and a pair-wise meta-analysis, canagliflozin 300 mg
was associated with significant reductions in body weight
relative to metformin (—1.08 kg [-2.6, —1.1]),* glimepiride
(=5.2% [-5.7, —4.6]),>* and sitagliptin (-2.84 kg [-3.21,
—2.48]).2° With regard to canagliflozin 100 mg, results
were similar versus glimepiride (—5.1% [—5.6, —4.5])** but
less profound in comparison to metformin (—0.9 kg [—1.6,
—0.2]).2 Indirect data from a network meta-analysis of
SGLT?2 inhibitors suggest that canagliflozin 300 mg leads
to greater weight reduction in comparison to dapagliflozin
5 mg (—0.89 kg [-1.43, —0.35]), whereas canagliflozin 100
mg does not seem to differ from other SGLT2 inhibitors.?
Furthermore, in a network meta-analysis of various antidia-
betic medications as add-on to metformin, canagliflozin was
associated with a favorable effect on body weight compared
with sulfonylureas, pioglitazone, insulin glargine, and indi-
vidual dipeptidyl peptidase-4 (DPP-4) inhibitors, including
linagliptin, saxagliptin, sitagliptin, and vildagliptin.?” Of note,
this meta-analysis combined data both for canaglifiozin 100
and 300 mg, thus did not provide results for each dosing
scheme separately.

Arterial blood pressure

Canagliflozin 100 mg reduced systolic blood pressure (SBP)
and diastolic blood pressure (DBP) by 4.25 mmHg (3.21,
5.31) and 1.76 mmHg (0.96, 2.56), respectively, based on
a meta-analysis of placebo-controlled trials.? In a similar
manner, canagliflozin 300 mg was associated with a decrease
of 5.4 mmHg (4.0, 6.8) in SBP and 2.1 mmHg (1.5, 2.8) in
DBP, in comparison to placebo.’® Notably, this blood pres-
sure lowering effect seems to be enhanced in patients with
baseline SBP 2140 mmHg, as shown in a pooled subgroup
analysis of four placebo-controlled studies.*

When compared with sitagliptin, a pair-wise meta-
analysis of three RCTs demonstrated that canagliflozin 300
mg provided higher reductions both in SBP (WMD —4.09
mmHg [-5.29, —2.9]) and DBP (-2.06 mmHg [-2.82,
—1.3]).2% Moreover, a network meta-analysis concluded that
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canagliflozin 300 mg reduced SBP to a greater extent than
other SGLT2 inhibitors, whereas no differences were found
for DBP and in comparisons of canagliflozin 100 mg with
other SGLT2 inhibitors.? Finally, indirect comparisons sug-
gest that canagliflozin is superior to glimepiride, glipizide,
saxagliptin, and sitagliptin and similar to pioglitazone,
linagliptin, vildagliptin, exenatide, and liraglutide, in terms
of reducing SBP.?

Safety and tolerability
Hypoglycemia
An early pair-wise meta-analysis combining data from two
studies on drug-naive patients and one study on patients with
background metformin therapy did not associate canagliflozin
300 mg with an increased hypoglycemic risk versus placebo
(RR 1.13 [0.4, 3.2]).° However, incidence of any hypogly-
cemia was significantly higher, when canagliflozin was used
as add-on to insulin or sulfonylurea (1.49 [1.14, 1.95], three
studies).?’ Interestingly, more recent meta-analyses of pla-
cebo controlled-trials have associated canagliflozin with an
increased risk for hypoglycemia, irrespective of background
antidiabetic treatment (1.53 [1.15, 2.03], seven studies)*® or
as adjunct to metformin monotherapy (1.65[1.02, 2.65], four
studies).?! Similarly, results from a network meta-analysis
indicate that patients treated with canagliflozin 100 or 300
mg had more hypoglycemic episodes in comparison to pla-
cebo, with respective odds ratios (ORs) of 1.5 (1.3, 1.8) and
1.6 (1.3,1.9).5

Based on data from head-to-head trials, canagliflozin
was associated with similar and higher hypoglycemic risk in
comparison to metformin® and glimepiride,? respectively.
When canagliflozin was compared with sitagliptin, no sig-
nificant difference in any hypoglycemia was evident between
the two groups (RR 1.29 [0.82, 2.03], three studies).*® Among
SGLT?2 inhibitors, indirect evidence from a network meta-
analysis suggested that both canagliflozin doses increased
incidence of hypoglycemia compared with dapagliflozin 10
mg and empagliflozin 10 mg.?® Furthermore, an additional
network meta-analysis concluded that canagliflozin as add-on
to metformin was associated with lower rates of confirmed
hypoglycemia versus sulfonylureas, nateglinide, and insulin
glargine, whereas no differences were found versus other
SGLT2 inhibitors, DPP-4 inhibitors, pioglitazone, and
GLP-1 RA”

Urinary and genital tract infections
The safety of SGLT2 inhibitors regarding infections of the
genital and urinary tracts has been explored in a comprehen-

sive systematic review and network meta-analysis of 52 RCTs
involving more than 36,000 patients with type 2 diabetes.>
Based on pooled effect estimates from this study, treatment
with canagliflozin 100 or 300 mg resulted in similar rates
of urinary tract infections (UTIs), relative to placebo, other
individual SGLT2 inhibitors, and other active treatments
(including metformin, glimepiride, sitagliptin, saxagliptin,
and linagliptin, analyzed as a single control group).** How-
ever, incidence of genital infections was higher for both
doses of canagliflozin compared with placebo (OR 4.88
[3.59, 6.64] and 5.23 [3.87, 7.09] for canagliflozin 100 and
300 mg, respectively) and active control (excluding SGLT2
inhibitors).** Of note, both the neutral effect of canagliflozin
on UTIs and its increased risk for genital infections were
also evident in an additional network meta-analysis of 38
RCTs.? Furthermore, pooled analyses of both placebo- and
active-controlled trials suggested that patients randomized to
canagliflozin had a small increase in incidence of UTIs, with
no increase in serious or upper UTIs*, and a significantly
higher rate of genital mycotic infections, most of which were
mild to moderate in intensity and responded to standard
treatments.*

Intravascular volume reduction and osmotic diuresis
SGLT?2 inhibitors increase glucose excretion by inhibiting
renal glucose reabsorption, thus treatment with canagliflozin
can potentially result in intravascular volume reduction and
osmotic diuresis.*? In a pooled analysis of data from four
RCTs, the incidence of adverse events related to intravascu-
lar volume depletion, with hypotension, postural dizziness,
and orthostatic hypotension being the most common, did
not differ between canagliflozin and placebo.?? Notably, the
mean duration of these adverse events was longer in patients
receiving canagliflozin 300 mg compared with canagliflozin
100 mg and placebo. In addition, both doses of canagliflozin
were associated with an increased incidence of osmotic
diuresis-related adverse events, mainly pollakiuria, thirst,
and polyuria, most of which occurred within the first 6 weeks
of treatment.*?

Diabetic ketoacidosis and bone fractures

Following a US Food and Drug Administration (FDA) alert
in 2015 concerning a potential increase in the risk for keto-
acidosis with SGLT2 inhibitors,* the drug manufacturer
conducted an analysis of diabetic ketoacidosis and related
adverse events (ketoacidosis, metabolic acidosis, and aci-
dosis), based on data for more than 17,500 patients from
completed and ongoing trials with canaglifiozin, through
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May 2015.%7 A total of 13 acidosis-related serious events
occurred in 12 patients, with an incidence of 0.07%, 0.11%,
and 0.03% for canagliflozin 100 and 300 mg and comparator,
respectively. Notably, six of these patients were later reported
to have autoimmune diabetes, or having tested positive for
GADG65 antibodies, whereas eight patients had significant
comorbid conditions. Nevertheless, this study concluded
that currently available evidence does not allow any clear
inferences associating a particular clinical phenotype with an
increased risk for developing diabetic ketoacidosis.’’

Safety concerns have also been recently raised due
to reports of bone fractures in clinical trials with SGLT2
inhibitors.’® However, a network meta-analysis concluded
that canagliflozin was not associated with an increased
bone fracture risk compared with placebo (RR 1.15 [0.71,
1.88]), dapagliflozin, empagliflozin, or other antidiabetic
medications.*

Cardiovascular outcomes and mortality
In pair-wise meta-analyses of trials with a duration of at
least 12 weeks, canagliflozin did not differ from control in
terms of all-cause mortality [OR 0.8 (0.45, 1.42), seven
studies], cardiovascular death (0.57 [0.26, 1.24], six stud-
ies), myocardial infarction (six studies), and stroke (eight
studies), while results were similar in sensitivity analyses
including only placebo-controlled trials.** Moreover, based
on pooled estimates from a network meta-analysis, cana-
gliflozin had a similar effect on all-cause mortality, heart
failure, and a composite outcome of cardiovascular death,
nonfatal myocardial infarction, or nonfatal stroke compared
with placebo, empagliflozin, dapagliflozin, and other active
comparators.*!

International regulatory authorities both in Europe
and the USA have issued guidance for the pharmaceutical
industry, which includes specific pre- and post-marketing
requirements related to cardiovascular risk evaluation of
new antidiabetic medications.*>** On this account, dedicated
cardiovascular studies have been completed or are ongoing
for most novel agents for type 2 diabetes. Notably, with
Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes trial (EMPA-REG OUTCOME) study is
a recently published RCT that demonstrated superiority of
empagliflozin over placebo on all-cause and cardiovascular
mortality, in patients with type 2 diabetes and high cardio-
vascular risk.** Robust long-term cardiovascular evidence
for canagliflozin will be available in the near future, after
completion of the Canagliflozin Cardiovascular Assessment
Study (CANVAS), a double-blind, randomized, placebo-
controlled trial, evaluating the effect of canagliflozin on

the composite endpoint of cardiovascular death, nonfatal
myocardial infarction, and nonfatal stroke, in patients with
inadequate glycemic control and at an elevated risk for
cardiovascular disease.*

Special populations

Chronic kidney disease

In the USA, canagliflozin 100 mg once daily is indi-
cated for patients with moderate renal impairment, with
an estimated glomerular filtration rate (eGFR) of 45 to
<60 mL/min/1.73 m2.% In Europe, canagliflozin has not been
approved for patients with an eGFR <60 mL/min/1.73 m?
however, in patients already treated with canagliflozin whose
eGFR falls below 60 but not <45 mL/min/1.73 m?, the dose
should be adjusted to 100 mg once daily.*’

Given that the urinary glucose excretion effect of SGLT2
inhibitors can be attenuated in patients with impaired
renal function, the efficacy and safety of canagliflozin
have been assessed over 52 weeks in a placebo-controlled
trial recruiting exclusively patients with an eGFR >30 and
<50 mL/min/1.73 m?.*® Based on this study, canagliflozin
100 and 300 mg conferred placebo-subtracted reductions
in HbAlc of 0.27% (—0.001, 0.53) and 0.41% (0.14, 0.68);
thus, both doses significantly reduced body weight and blood
pressure. In addition, incidence of osmotic diuresis-related
adverse events was higher in patients randomized to either
dose of canagliflozin, whereas volume reduction-related
adverse events and UTIs were more common in the cana-
gliflozin 300 mg group.*®

Elderly patients
Current guidelines advocate an individualized approach when
treating older patients with type 2 diabetes.** In a 104-week
placebo-controlled trial in patients aged 55-80 years, cana-
gliflozin 100 and 300 mg reduced HbA 1c by 0.49 (0.32, 0.65)
and 0.6 (0.44, 0.77), respectively.* Similarly, both doses were
associated with reductions in body weight and in SBP and
DBP. However, in comparison to placebo, rates of osmotic
diuresis- and volume depletion-related adverse events were
higher with canagliflozin 100 and 300 mg, whereas incidence
of bone fractures was higher with canagliflozin 300 mg.*
The favorable effect of canagliflozin on HbAlc, body
weight, and blood pressure was also evident in patients
older than 75 years, based on a pooled analysis of data
from six placebo-controlled trials.*® In the same analysis,
a numerically higher incidence of UTIs, genital infections,
and volume depletion events was noted in the elderly popu-
lation; however, all these adverse events were generally not
considered serious.*
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Cost-effectiveness
Monotherapy
When choosing among different therapeutic options for
type 2 diabetes, cost, along with clinical effectiveness, is
an important parameter that should also be considered. The
cost-effectiveness of canagliflozin as monotherapy was
assessed in a health technology assessment (HTA) conducted
by NICE in the UK.’! Based on this economic evaluation,
canagliflozin, as well as dapagliflozin and empaglifiozin,
was not cost-effective in comparison to sulfonylureas or pio-
glitazone. However, when compared with DPP-4 inhibitors,
ICER values per QALY gained were <£29,300 for all SGLT2
inhibitors. Therefore, the HTA concluded that canagliflozin,
dapagliflozin, and empagliflozin represented a cost-effective
use of the UK National Health Service (NHS) resources as
monotherapy, in patients for whom metformin is contrain-
dicated or not tolerated, only when sulfonylureas and pio-
glitazone are not considered appropriate treatment options.
Regarding comparisons among individual SGLT?2 inhibi-
tors, the cost-effectiveness evidence from the NICE assess-
ment did not support any differences between canagliflozin
and dapagliflozin or empagliflozin.>' Conversely, based on
a cost-effectiveness analysis funded by the manufacturer,
canagliflozin 300 mg in drug-naive patients dominated both
dapagliflozin and empaglifiozin, whereas canaglifiozin 100
mg yielded an ICER of £208 versus empagliflozin 25 mg and
dominated dapagliflozin 10 mg and empagliflozin 10 mg.*
Finally, in a cost-effectiveness study in Sweden, cana-
gliflozin (100 and 300 mg weighted average 80:20) was
associated with an ICER of €1838, when compared with
sulfonylureas.>

Dual therapy

As add-on to metformin, canagliflozin, assessed as a weighted
average of 100 and 300 mg, dominated sitagliptin 100 mg
in cost-effectiveness analyses conducted in the Swedish,
Norwegian,> and Portuguese® setting. This was also the
case for canagliflozin 100 mg, based on economic evalua-
tions in Spain® and Poland,’” whereas canagliflozin 300 mg
produced an ICER of €1813% and 45,008 z*’ compared
with sitagliptin, respectively. Results from additional
country-specific analyses versus sitagliptin also suggest that
canagliflozin is likely to be a cost-effective option adjunct
to metformin, in Ireland,*® France,” Belgium,® Slovakia,*!
and the Czech Republic.®> Moreover, a NICE HTA for cana-
gliflozin concluded that, due to small differences in costs and
QALYs between canagliflozin and DPP-4 inhibitors, both
canagliflozin 100 and 300 mg were recommended treatment

options in patients inadequately controlled with metformin
alone.®

Evidence from economic evaluations across different
health care systems, including Sweden, Norway, Poland,
Belgium, Ireland, and the Czech Republic, suggest that
canagliflozin as add-on to metformin is cost-effective, com-
pared with sulfonylureas.’*5457:606264 Ipy 3 similar manner,
dapagliflozin 10 mg was also dominated by canagliflozin in
two economic evaluations in the USA and Spain, utilizing
the Economic and Health Outcomes Model for type 2 dia-
betes mellitus (ECHO-T2DM)% and the IMS Core Diabetes
Model®, respectively. Finally, a cost-effectiveness study in
Ireland concluded that canagliflozin represented good value
for money compared with the GLP-1 RA liraglutide, as
adjunctive treatment to metformin.®’

Triple therapy

Cost-effectiveness analyses in Canada®® and Spain®® demon-
strated that both canagliflozin doses dominated sitagliptin
100 mg as third-line therapy in patients already on metformin
and sulfonylurea. In particular, from the Canadian health
care perspective, canagliflozin 100 and 300 mg provided
QALY gains of 0.28 and 0.31, and cost savings of C$2560
and C$2217, respectively, over a time horizon of 40 years.
Canagliflozin also dominated sitagliptin across different
countries, including Belgium,® France,” Norway,** and
Portugal,” when both dosing schemes were assessed as a
single intervention. Of note, additional economic evaluations
concluded that canagliflozin was a cost-effective therapeutic
option as add-on to metformin and sulfonylurea in Brazil,*
Ireland,® Slovakia,®' and the Czech Republic,** although it
was associated with higher treatment costs compared with
sitagliptin. Similarly, based on a NICE HTA, canagliflozin
100 and 300 mg, in triple-therapy regimens, had been
shown to have a cost-effective use of NHS resources in the
UK, despite small differences in costs and QALY estimates
between canagliflozin and DPP-4 inhibitors.®

Place in therapy and conclusions

Metformin remains the optimal first-line treatment choice,
given its well-established efficacy and safety profile, low
treatment cost, and beneficial effect on cardiovascular end-
points.”® Canagliflozin could be used as an alternative to
DPP-4 inhibitors or other SGLT2 inhibitors in drug-naive
patients for whom metformin is contraindicated or not tol-
erated, while economic evaluation data, at least in the UK,
suggest that a sulfonylurea or pioglitazone is likely to be
more cost-effective options in these patients.
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For patients on background treatment with metformin,
canagliflozin appears to be superior to sulfonylureas with
respect to body weight, blood pressure, and risk for hypogly-
cemia, and to DPP-4 inhibitors in terms of lowering HbA lc,
body weight, and blood pressure. Moreover, across different
health care systems, canagliflozin seems to be cost-effective
compared with sulfonylureas and DPP-4 inhibitors as add-on
to metformin monotherapy, and to DPP-4 inhibitors in triple-
agent regimens (adjunct to metformin and a sulfonylurea).
With regard to its safety profile, canagliflozin is associated
with a higher incidence of genital infections, whereas adverse
events related to osmotic diuresis or volume depletion are
also a concern, especially in the elderly or in patients with
renal impairment.

These conclusions are in line with the recently pub-
lished guidelines for type 2 diabetes, issued by the Ameri-
can College of Physicians (ACP), which place SGLT2
inhibitors, including canagliflozin, as a second-line treat-
ment option, along with sulfonylureas, thiazolidinediones,
and DPP-4 inhibitors." In accordance with a patient-cen-
tered approach, also advocated by the American Diabetes
Association (ADA) and the European Association for the
Study of Diabetes (EASD) position statement,*> the ACP
recommendations highlight that clinicians and patients
should select among different therapeutic options after
thoroughly discussing their comparative benefits, adverse
effects, and costs.!?

One should keep in mind that the evidence base for
canagliflozin is limited by the lack of sufficient direct
comparative data from head-to-head studies versus other
antidiabetic medications. In fact, head-to-head RCTs for
canagliflozin are available only versus sitagliptin (three stud-
ies), glimepiride (one study), and metformin (one study);
therefore, conclusions about its comparative effectiveness
against other agents are mostly based on indirect evidence
from network meta-analyses.

In addition, the long-term cardiovascular profile of
canagliflozin remains uncertain, until the forthcoming
CANVAS trial will provide robust data regarding its effect
on mortality and cardiovascular endpoints.* This was also
the case with empagliflozin, which has recently received
FDA approval to reduce the risk for cardiovascular death
in patients with type 2 diabetes and cardiovascular dis-
ease,’! based on the results of the EMPA-REG OUTCOME
study.* However, it is still unknown, whether the findings
of these cardiovascular studies are applicable to patients
with a shorter duration of type 2 diabetes and a lower
cardiovascular risk.
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