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Abstract: Canagliflozin is a sodium glucose-cotransporter (SGLT) receptor inhibitor approved 

for the treatment of type 2 diabetes mellitus (T2DM). This article reviews the mechanism of 

action of SGLT-2 receptor inhibitors and the efficacy of canagliflozin as an antidiabetic agent, its 

cardiovascular and renal benefits, and  safety profile. During the development of canagliflozin, 

Phase II trials showed an improvement in cardiac and renal biomarkers such as blood pressure, 

body weight, and albuminuria. The large CANVAS program showed that canagliflozin reduced 

the composite cardiovascular outcome of cardiovascular death, nonfatal myocardial infarction, 

or nonfatal stroke. The CANVAS program also showed a possible benefit of canagliflozin on a 

renal composite of sustained 40% reduction in estimated glomerular filtration rate, the need for 

renal replacement therapy, or death from renal causes. The safety profile of canagliflozin has been 

well characterized, and known side effects such as mycotic genital infections were confirmed in 

CANVAS. However, an increased risk of amputations was observed in CANVAS that requires 

further study. Overall, canagliflozin is an effective antidiabetic medication with cardiovascular 

and likely renal benefits, and with a generally well-tolerated safety profile. Results from the 

CREDENCE trial will further evaluate the safety and potential renal benefits of canagliflozin 

in patients with established diabetic nephropathy.

Keywords: canagliflozin, sodium glucose-cotransporter, diabetes, CANVAS, Invokana®, renal, 

cardiac

Introduction
Canagliflozin is a sodium glucose-cotransporter (SGLT) receptor inhibitor approved 

for the treatment of type 2 diabetes mellitus (T2DM) in the US, Japan, Australia, and 

the European Union. In addition to its glucose-lowering effects, it exhibits beneficial 

effects on the heart and potentially the kidney. This article will review the evidence from 

completed clinical trials about the benefits and adverse side effects of canagliflozin.

Mechanism of action
Canagliflozin acts on two types of SGLT receptors: SGLT-1 and SGLT-2. SGLT-2 

is expressed in the proximal renal tubules and is responsible for the reabsorption of 

about 90% of the glucose filtered by the kidneys.1,2 By inhibiting SGLT-2, canagliflozin 

increases the urinary excretion of glucose and decreases blood glucose levels. There 

is also evidence showing that the reabsorption of glucose by SGLT-2 is increased in 

patients with T2DM compared to patients without T2DM, which increased its attractive-

ness as a potential drug target.3 SGLT-2 inhibition has little risk of hypoglycemia, since 

the urinary excretion of glucose decreases as blood glucose levels decrease. SGLT-1 is 
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also expressed in the proximal renal tubules, but the majority 

of its expression occurs in the distal brush-border membrane 

surface of the villi in the lumen of the small intestine where it 

allows for the reabsorption of glucose and galactose.3 SGLT-1 

expression also occurs in cardiac myocytes, which may play 

a role in the underlying mechanism for the cardiovascular 

benefits that have been described with some SGLT-2 inhibi-

tors.4 Canagliflozin has weaker selectivity for the SGLT-2 

receptor vs the SGLT-1 receptor when compared to other 

drugs of the same class, such as dapagliflozin, empagliflozin, 

and tofogliflozin.5 The differential SGLT-1/SGLT-2 receptor 

selectivity and the potential role in the glucose-lowering 

effects, cardiovascular benefits, and the safety profile of each 

drug will be discussed in further detail in the following sec-

tions. The SGLT-2 inhibitors currently approved by the US 

Food and Drug Administration (FDA) are given in Table 1.

Efficacy in T2DM
The CANagliflozin Treatment and Trial Analysis (CAN-

TATA) studies showed that canagliflozin when used as 

monotherapy (CANTATA-M), as a second-line agent (CAN-

TATA-SU, CANTATA-D), or third-line agent (CANTATA-

D2, CANTATA-MSU) reduces hemoglobin A1C, and these 

trial results supported its approval by the US FDA.6–9 These 

studies showed a statistically significant (P<0.001) reduction 

Table 1 FDA-approved SGLT-2 inhibitors

List of FDA-approved SGLT-2 inhibitors as of June 2018

Generic name Trade name

Canagliflozin invokana
Dapagliflozin Farxiga
Empagliflozin Jardiance
Ertugliflozin Steglaro
Canagliflozin and metformin invokamet
Dapagliflozin and metformin extended release Xiduo XR
Empagliflozin and linagliptin Glyxambi
Empagliflozin and metformin Synjardy

Abbreviation: FDA, Food and Drug Administration; SLGT-2, sodium-glucose 
cotransporter-2.

Table 2 Efficacy of canagliflozin at 26 weeks

Hypoglycemic and weight effects of canagliflozin and canagliflozin plus metformin at 26 weeks in CANTATA-M and CANTATA-
SU

Treatment Change in Hgb A1C (%) Change in weight (kg)
Placebo +0.14 –0.5
Canagliflozin 100 mg –0.77a –2.5a

Canagliflozin 300 mg –1.03a –3.4a

Metformin plus glimepiride –0.81 +0.7
Metformin plus canagliflozin 100 mg –0.82b –3.7c

Metformin plus canagliflozin 300 mg –0.93b –4c

Notes: aP<0.001 compared to placebo; bcanagliflozin was non-inferior when compared to glimepiride; cP<0.0001 compared to glimepiride.
Abbreviations: CANTATA-M, CANagliflozin Treatment and Trial Analysis-Monotherapy; CANTATA-SU, CANTATA-Sulfonylurea.

in A1C of –0.77% and –1.03% at 26 weeks for both 100 

mg and 300 mg dosages, respectively, with canagliflozin 

compared with placebo10 (Table 2). A significantly higher 

proportion of patients also achieved a target hemoglobin 

A1C of <7.0% with canagliflozin compared with placebo.10

Cardiovascular benefits
In addition to lowering glucose levels, Phase II trials of 

canagliflozin showed reductions in blood pressure and body 

weight. In the CANTATA trials, canagliflozin decreased body 

weight when compared to placebo, from 1.1 to 2.5 kg with 

100 mg per day and from 1.7 to 2.5 kg with 300 mg daily 

dosing (P<0.001 compared with placebo).2 When compared 

to glimepiride, canagliflozin decreased weight by 4.4 kg and 

4.7 kg at 100 mg and 300 mg doses, respectively (P<0.001)6 

(Table 2).

A systematic review in 2013 showed a reduction in mean 

systolic blood pressure with SGLT-2 inhibitors of ~4.5 mm 

Hg compared with other antidiabetic agents.11 Another meta-

analysis in 2014 also showed that canagliflozin was the only 

SGLT-2 inhibitor with a dose–response decrease in systolic 

blood pressure of 0.87 mm Hg for each additional 100 mg of 

canagliflozin studied (P=0.008 vs placebo).12 A limitation of 

CANTATA trials was the relatively short duration of the trial, 

ie, 52 weeks. Longer treatment would be needed to assess 

whether the effects on blood pressure and weight would 

translate into improved cardiovascular outcomes.

To examine the potential cardiovascular benefits of 

canagliflozin, the Canagliflozin Cardiovascular Assessment 

Study (CANVAS) program was designed.13 The CANVAS 

program included two similarly designed and conducted trials 

(CANVAS and CANVAS-R). Each study was a multicenter, 

international, randomized, double-blind, placebo-controlled 

trial enrolling over 10,000 patients, and there was a prespeci-

fied plan to integrate both studies. The CANVAS primary 

composite end point was death from cardiovascular causes, 

nonfatal myocardial infarction, and nonfatal stroke. The 
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primary composite end point was significantly reduced with 

canagliflozin compared with placebo (26.9 per 1,000 patient 

years in the canagliflozin group vs 31.5 in the placebo group; 

HR 0.86, 95% CI 0.75–0.97, P<0.001 for non-inferiority, 

P=0.02 for superiority).14 CANVAS also showed a reduction 

in hospitalizations for heart failure, an effect seen within the 

first few months of the trial, suggesting the glucose lowering 

effects of canagliflozin were unlikely to be driving the reduc-

tion in hospitalizations for heart failure (Table 3). This finding 

was corroborated by a retrospective observational study that 

also showed a reduction in hospitalizations in patients treated 

with canagliflozin compared to non-SGLT-2 inhibitors (HR 

0.39, 95% CI 0.26–0.60).15 The individual components of the 

primary composite end point and all-cause mortality were 

numerically reduced in patients assigned canagliflozin but 

did not achieve statistical significance.14

Renal benefits
In Phase II trials, canagliflozin reduced progression of 

albuminuria with a HR of 0.73 compared to placebo (95% 

CI 0.67–6.79).14 A study by Heerspink et al showed that 

compared to glimepiride, canagliflozin slowed the rate of 

estimated glomerular filtration rate (eGFR) decline. Patients 

receiving glimepiride had an average reduction of 3.3 mL/

min/1.73 m2 per year compared to a reduction of 0.5 mL/

min/1.73 m2 per year for patients receiving canagliflozin 

100 mg daily and a reduction of 0.9 mL/min/1.73 m2 per 

year for patients taking canagliflozin 300 mg daily (P<0.01 

for each canagliflozin group compared to glimepiride).16 In 

the CANVAS integrated analyses, composite outcome of 

sustained reduction of eGFR, the need for renal replacement 

therapy, and death from renal causes occurred less frequently 

in patients assigned canagliflozin compared with placebo 

(HR 0.6, 95% CI 0.47–0.77), although due to the hierar-

chical testing procedures the findings were not considered 

statistically significant14 (Table 3). A limitation of CANVAS 

Table 3 CV and renal effects of canagliflozin from integrated CANVAS data

Outcome Hazard ratio 95% CI

Death from cardiovascular causes, nonfatal MI, or nonfatal stroke 0.86 0.75–0.97
Death from cardiovascular causes 0.87 0.72–1.06
Nonfatal MI 0.85 0.69–1.05
Nonfatal stroke 0.9 0.71–1.15
Hospitalization from any cause 0.94 0.88–1.00
Hospitalization for heart failure 0.67 0.52–0.087
Death from cardiovascular causes or hospitalization for heart failure 0.78 0.76–0.91
Death from any cause 0.87 0.74–1.01
Progression of albuminuria 0.73 0.67–0.79
40% reduction in eGFR, renal replacement therapy, or renal death 0.6 0.47–0.77

Abbreviations: CV, cardiovascular; eGFR, estimated glomerular filtration rate; MI, myocardial infarction.

was the small proportion of participants with chronic kidney 

disease at baseline and the relatively modest number of renal 

outcomes. The ongoing Canagliflozin and Renal Endpoints 

in Diabetes with Established Nephropathy Clinical Evalua-

tion (CREDENCE) study will enroll ~4,500 patients with 

diabetes and established diabetic nephropathy, characterized 

by moderate to severe albuminuria, and compared the effect 

of canagliflozin vs placebo on the composite end point of end-

stage kidney disease, a twofold increase in serum creatinine, 

and death due to renal or cardiovascular causes.17

Safety
Common side effects
The most commonly reported adverse events in Phase II trials 

of canagliflozin were female genital mycotic infections, uri-

nary tract infections, osmotic diuresis-related adverse events, 

and volume depletion-related adverse events (Table 4).18 

These side effects had similar rates at both commonly studied 

doses (100 mg daily and 300 mg daily).

Genital and urinary tract infections
Because of the increased glucose content of urine in the 

genitourinary tract, an increase in genital mycotic  infections 

Table 4 Common adverse effects at 26 weeks

Common adverse effects and their incidence at 26 weeks 
from five studies

Side effect Incidence in %

Placebo Canagliflozin  
100 mg

Canagliflozin  
300 mg

volume depletion 0.68 0.87 1.63
Osmotic diuresis 0.95 5.09a 5.09a

Genital mycotic infection
Overall 1.63 6.17a 6.5a

Male 0.51 3.65a 2.88a

Female 2.9 8.75a 9.98a

Note: aP<0.05. Data from Xiong et al.21
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has been reported with canagliflozin. The incidence of genital 

mycotic infections in women was 12.73% at 100 mg and 

13.78% at 300 mg compared to the placebo incidence of 

2.9% at 52 weeks. In men, there was also an increased risk 

of genital mycotic infections, although the rates were lower 

than in women. At 26 weeks, the rates were 3.65% at 100 mg 

and 2.88% at 300 mg compared with 0.51% in placebo. In 

general, the genital mycotic infections were mild or moder-

ate in intensity and seldom led to discontinuation of cana-

gliflozin.6,14 CANVAS also showed significantly more genital 

mycotic infections in women (68.8 vs 17.5 events per 1,000 

patient years in the canagliflozin groups vs the placebo group; 

P<0.001) (Table 4). Canagliflozin also appears to increase the 

incidence of urinary tract infections.19 Although most cases 

were mild, a review of post-marketing surveillance data by 

the FDA identified 19 cases of urosepsis or pyelonephritis 

that resulted from urinary tract infections in patients taking 

canagliflozin.

volume depletion- and osmotic diuresis-
related adverse events 
Adverse events due to volume depletion and osmotic diure-

sis are more common in patients taking canagliflozin vs 

placebo.20,21 Osmotic diuresis-related adverse events are 

commonly described as dry mouth, dry throat, urgency, and 

nocturia. In CANVAS, the osmotic diuresis event rate per 

1,000 patient years was 34.5 in the canagliflozin group and 

13.1 in the placebo group (P<0.001).14 Volume depletion-

related adverse events included dehydration, orthostatic 

hypotension, dizziness, pre-syncope, and syncope, and 

occurred at a rate per 1,000 patient years of 26 vs 18.5 for 

canagliflozin vs placebo, respectively (P=0.009).14 It has 

been suggested that select populations such as patients with 

an eGFR <60 mL/min/1.73 m2, patients >75 years old, and 

patients on loop diuretics should be monitored more closely 

for the effects of volume depletion22 (Table 4).

Less common side effects
Renal: In June 2016, the FDA warned about the possibility 

of acute renal failure (ARF) with canagliflozin based on a 

review of the data reported from March 2013 to October 

2015. As a result, a retrospective study by Perlman et al in 

2017 examined the FDA adverse event report system data-

base to explore the relationship between SGLT-2 inhibitors 

and ARF. They found that there was a significantly increased 

relative risk of ARF with the use of all SGLT-2 inhibitors (OR 

1.68, 95% CI 1.57–1.8, P<0.001) even when accounting for 

the increased incidence of ARF in patients with DM. They 

also found that canagliflozin was associated with a greater 

proportion of ARF compared to other SGLT-2 inhibitors, 

7.3% compared to 4.7% and 4.8% with empagliflozin and 

dapagliflozin, respectively.23 There is also concern about a 

decrease in eGFR of ~4 mL/min/1.73 m2 (with a range from 

–2 to –6 mL/min/1.73 m2) in the first 3–6 weeks after initia-

tion of canagliflozin.24,25 However, these decreases in eGFR 

seem reversible, as evidenced by the return to baseline serum 

creatinine among patients who discontinued canagliflozin 

during Phase III trials.

endocrine
Although this discussion focuses on the side effects of 

canagliflozin, it is important to note that the FDA lists a 

black box warning for all SGLT-2 inhibitors for the risk of 

diabetic ketoacidosis (DKA). In case reports of DKA with 

SGLT-2 inhibitors, the serum glucose at presentation has 

been much lower than would be expected, likely owing to 

the glycosuric effects of these drugs.26 However, CANVAS 

found no evidence of increased risk of DKA in patients tak-

ing canagliflozin compared to placebo.14

Fractures
Fractures have also been reported in patients assigned to 

canagliflozin in randomized controlled trials.27 The exact 

mechanism behind the potential increased risk of fractures is 

not well understood. One proposed mechanism is that volume 

depletion events such as syncope may cause increased falls. 

Additionally, some studies have shown that canagliflozin 

may be associated with a small, but statistically significant, 

decrease in bone mineral density at the total hip over 104 

weeks, and there is an increase in bone turnover markers 

such as type 1 beta-carboxytelopeptide and osteocalcin28 

(Table 5). The CANVAS trial did find a significantly higher 

incidence of all fractures in patients taking canagliflozin 

compared to placebo: 15.4 events per 1,000 patient-years 

in the canagliflozin group vs 11.9 in the placebo group 

(P=0.02)14 and low-trauma fractures (11.6 vs 9.2 events per 

1,000 patient years for canagliflozin and placebo, respec-

tively, P=0.06). A statistically significant interaction between 

treatment, fractures, and trials (CANVAS and CANVAS-R) 

was observed (P interaction 0.005 for all fractures) without 

a clear reason for the observed potential differences between 

the two studies.

Amputation
CANVAS showed a significantly higher incidence of amputa-

tions with canagliflozin compared with placebo (6.3 vs 3.4 
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Table 5 Incidences of less common AEs

Incidence

Canagliflozin  
100 mg

Canagliflozin  
300 mg

Placebo Population Study

Renal-related Ae 2.60%a 2.80%a 2.80% Pooled analysis of patients taking canagliflozin 100 mg 
or 300 mg up to 104 weeks

Desai et al, 
201733

Fracture 2.70%b 2.70%c 1.90% Pooled analysis of patients taking canagliflozin 100 mg 
or 300 mg with a mean exposure of 116 weeks

watts et al, 
201628

DKA 0.07%d 0.11%d 0.03% Pooled analysis of patients taking canagliflozin 100 mg 
or 300 mg with a mean exposure of 72 weeks

erondu 
et al, 201534

Amputation 0.02%e,f 0.02%e,f 0.01% Single study followed for a mean of 188 weeks Neal et al, 
201714

Notes: aNo statistical difference; bHR 1.28 (95% Ci: 0.93–1.77); cHR 1.34 (Ci: 0.98–1.84); dno P-value of HR reported; eP<0.001; fdata unavailable regarding dosage of 100 
mg or 300 mg of canagliflozin.
Abbreviations: Aes, adverse events; DKA, diabetic ketoacidosis.

Table 6 Completed and ongoing trials with at least 500 patients enrolled or planning to enroll

Title Recruitment Enrollment Interventions

CANVAS - CANagliflozin cardioVascular Assessment 
Study

Completed 10,142 Drugs: placebo, canagliflozin 100 mg, 
canagliflozin 300 mg

A Study of the Effects of Canagliflozin on Renal Endpoints 
in Adult Participants with Type 2 Diabetes Mellitus

Completed 5,813 Drugs: placebo, canagliflozin 100 mg, 
canagliflozin 300 mg

Evaluation of the Effects of Canagliflozin on Renal and 
Cardiovascular Outcomes
In Participants With Diabetic Nephropathy

Active, not 
recruiting

4,462 Drugs: placebo, canagliflozin

CANagliflozin Treatment And Trial Analysis-Sulfonylurea 
(CANTATA-SU) SGLT2 Add-on to Metformin vs 
Glimepiride

Completed 1,452 Drugs: glimepiride, canagliflozin, metformin

Long-Term Safety Study of TA-7284 in Patients With 
Type 2 Diabetes Mellitus

Completed 1,299 Drugs: TA-7284-Low, TA-7284-High

The CANTATA-D Trial (CANagliflozin Treatment and 
Trial Analysis – DPP-4 inhibitor Comparator Trial)

Completed 1,284 Drugs: placebo, canagliflozin, sitagliptin, 
metformin immediate release

A Study to Evaluate the Effectiveness, Safety, and 
Tolerability of Canagliflozin in Combination With 
Metformin in the Treatment of Patients With Type 2 
Diabetes Mellitus with inadequate Glycemic Control 
with Diet and exercise

Completed 1,186 Drugs: canagliflozin 100 mg, canagliflozin  
300 mg, metformin XR

Efficacy and Safety of Semaglutide vs Canagliflozin as add-
on to Metformin in Subjects With Type 2 Diabetes

Active, not 
recruiting

784 Drugs: semaglutide, canagliflozin, placebo 
(canagliflozin), placebo (semaglutide)

The CANTATA-D2 Trial (CANagliflozin Treatment And 
Trial Analysis – DPP-4 inhibitor Second Comparator 
Trial)

Completed 756 Drugs: sitagliptin 100 mg, canagliflozin  
300 mg, metformin, sulfonylurea

A Safety and Efficacy Study of Canagliflozin in Older 
Patients (55–80 Years of Age) With Type 2 Diabetes 
Mellitus

Completed 716 Drugs: placebo. canagliflozin 100 mg, 
canagliflozin 300 mg, antihyperglycemic 
agent(s)

A Efficacy, Safety, and Tolerability Study of Canagliflozin 
in Patients with Type 2 Diabetes Mellitus with 
inadequate Glycemic Control on
Metformin Alone or in Combination With a Sulfonylurea

Completed 678 Drugs: placebo, canagliflozin 100 mg, 
canagliflozin 300 mg, metformin, sulfonylurea

The CANTATA-M (CANagliflozin Treatment and Trial 
Analysis – Monotherapy) Trial

Completed 678 Drugs: canagliflozin, placebo, sitagliptin

Genetics of Response to Canagliflozin enrolling by 
invitation

650 Drug: canagliflozin

TriMaster: Study of a DPP4 Inhibitor, SGLT2 Inhibitor 
and Thiazolidinedione as Third Line Therapy in Patients 
with Type 2 Diabetes.

Recruiting 600 Drugs: sitagliptin - DPP4i, canagliflozin – 
SGLT2i, pioglitazone – TZD

Abbreviations: SLGT-2, sodium-glucose cotransporter-2; TZD, thiazolidinedione.
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events per 1,000 patient years; P<0.001). Seventy-one percent 

of patients had their highest level of amputation at the level 

of toe or metatarsal14 (Table 5). The FDA has issued a warn-

ing regarding the increased risk of amputation during the 

CANVAS trial. The mechanism for the observed increased 

risk of amputations is not known. More data are expected 

regarding the amputation risk of canagliflozin from the ongo-

ing CREDENCE trial.

Cancer
There had been concerns that canagliflozin may have carcino-

genic effects, as a study by De Jonghe et al in 2014 had shown 

an increased incidence of renal tubular tumors and Leydig 

cell tumors in rats when exposed to canagliflozin.20,29,30 How-

ever a systematic review of existing randomized control trials 

found no evidence of a significantly increased risk of cancer 

in patients taking canagliflozin.31 However, the relatively 

short duration of the trials limits the ability to determine 

whether canagliflozin has long-term carcinogenic effects.

Future studies
To date, the studies examining the safety of canagliflozin 

have done so at a maximum of 104 weeks.32 Canagliflozin 

was the first SGLT-2 inhibitor to be approved in 2013. As 

canagliflozin has had more time on the market, there are 

more opportunities to study it in real-world settings (Table 6). 

The safety and efficacy on renal and cardiac outcomes of 

canagliflozin among patients with more advanced diabetic 

nephropathy is also of particular interest, and the results of 

CREDENCE trial (NCT02173275) should provide some 

important insights.17 In addition to CREDENCE, there are 

several other ongoing studies on the cardiac and renal benefits 

of SGLT-2 inhibitors in different patient populations and with 

different agents, including DECLARE (Dapagliflozin Effect 

on Cardiovascular Events, NCT01730534), EMPA-KIDNEY 

(Study of Heart and Kidney Protection with Empagliflozin, 

NCT03594110), DAPA-CKD (Study to Evaluate the Effect 

of Dapagliflozin on Renal Outcomes and Cardiovascular 

Mortality in Patients with CKD, NCT03036150), and 

VERTIS (Evaluation of Ertugliflozin Efficacy and Safety, 

NCT01986881) trials (DECLARE - NCT01730534, EMPA-

KIDNEY - NCT03594110, DAPA-CKD - NCT03036150 

and VERTIS - NCT01986881).

Conclusion
Canagliflozin is an effective therapy for treatment of patients 

with T2DM.1 The large integrated CANVAS program dem-

onstrated important reductions in the primary composite 

of cardiovascular death, nonfatal MI, and nonfatal stroke. 

There were also important but statistically nominal reduc-

tions in hospitalization for heart failure and renal outcomes. 

Canagliflozin has important adverse events that need to be 

monitored for and managed appropriately if they occur.
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