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Canagliflozin is a sodium-glucose 
transporter protein inhibitor under 
development for the treatment of 
type 2 diabetes mellitus; it reduces 
circulatory glucose by facilitating 
its urinary excretion. In this Drug 
profile, Richard Donnelly discusses 
the need for drugs with a mode of 
action independent of insulin and 
considers the efficacy and toler-
ability of canagliflozin in clinical tri-
als, to date, as well as its potential 
place in management.

Type 2 diabetes (T2DM) is 
increasing in prevalence: 
over 2.6 million people are 

affected in the UK alone,1 and 
global predictions from the Inter-
national Diabetes Federation 
estimate there will be >0.5 billion 
patients with diabetes worldwide 
by the year 2030. Furthermore, 
two-thirds of these patients will die 
prematurely from cardiovascular 
(CV) complications.2 
	 T2DM now accounts for 95% 
of diabetes, which is increasingly 
diagnosed at an earlier age and, on 
average, reduces life expectancy 
by at least 10–15 years.2,3 Thus, the 
goal of treatment is to reduce CV 
risk and the morbidity associated 
with microvascular complications 
via reductions in blood pressure, 
glucose and lipids.4

	 Existing antihyperglycaemic 
drugs work primarily either by 

improving beta-cell secretion of 
insulin (eg sulfonylureas and the 
new incretin agents) or by improv-
ing peripheral and hepatic insulin 
sensitivity (eg metformin and piogl-
itazone). Ancillary mechanisms, eg 
promoting satiety and decreasing 
glucagon release (incretin-based 
drugs), may also contribute to the 
antihyperglycaemic effects. More 
recently, however, the role of the 
kidney in glucose homeostasis and 
as a therapeutic target has received 
considerable attention.5 

Sodium-glucose co-transporters

In healthy individuals, glucose 
is filtered at the glomerulus but 
entirely reabsorbed into the circu-
lation in the proximal renal tubule 
via sodium-coupled and glucose 
transporters (see Figure 1). Only 
at higher plasma glucose concen-
trations (eg >11mmol/litre) does 
the reabsorption pathway become 
saturated and glucose is then 
excreted in the urine. 
	 There is inter-individual vari-
ability in the renal threshold for 
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Figure 1. Glucose reabsorption from the kidneys is mediated by SGLT2 (90%) and SGLT1 (10%); inhibitors of 

SGLT2 lower RTG and increase urinary glucose excretion, therefore reducing circulatory glucose levels
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glucose excretion (RTG), but in 
T2DM there seems to be an up-
regulation of glucose reabsorp-
tion in the proximal tubule. The 
maximal transport rate for glucose 
is approximately 300mg/min for 
healthy subjects but up to 20% 
higher in patients with poorly con-
trolled T2DM.5  
	 Six sodium-glucose co-trans-
porters have been identified in the 
kidney (SGLT1–SGLT6). SGLT2 is 
a low-affinity high-capacity trans-
porter expressed mainly in the 
early (S1) segment of the proximal 
renal tubule and mediates most 
(90%) of the glucose reabsorption 
in the kidneys. SGLT1 is expressed 
in the small intestine and the dis-
tal (S3) segment of the proximal 
tubule where it accounts for <10% 
of glucose reabsorption (see Fig-
ure 1). 
	 Inhibitors of the SGLT2 trans-
porter therefore lower RTG, 
increase urinary glucose excre-
tion, reduce circulating glucose 
levels and potentially facilitate 
weight loss via urinar y excre-
tion of calories (1g of glucose = 
4kcal).6 
	 Thus, SGLT2 inhibitors pro-
vide a novel insulin-independent 
mode of action for the treatment 
of T2DM. Interestingly, there 
is no reason why these drugs 
might not be equally effective in 
patients with type 1 diabetes as an 
adjunct to insulin therapy, but to 
date (largely because of commer-
cial reasons) the clinical trials of 
SGLT2 inhibitors have been con-
ducted exclusively in patients with 
T2DM.

Canagliflozin

Canagliflozin is a potent selective 
once-daily orally-administered 
SGLT2 inhibitor.7 Clinical stud-
ies with canagliflozin have shown 
dose-dependent reductions in 

RTG in healthy subjects8 and 
significant reductions in HbA1c 
and body weight in patients with 
T2DM.9,10 
	 For example, in a 12-week 
double-blind placebo-controlled 
active-comparator study in 451 
patients with T2DM and subopti-
mal control on metformin (HbA1c 
7.6–8%), addition of canagliflozin 
300mg once daily produced base-
line-corrected reductions in HbA1c 
of -0.92% compared with -0.22% 
for placebo and -0.74% with addi-
tion of sitagliptin 100mg once 
daily (see Figure 1).9 Body weight 
was reduced by 2.3kg in the cana-
gliflozin group, and there were 
very few instances of hypoglycae-
mia.  
	 Canagliflozin is effective either 
as monotherapy10 or in combina-
tion with other antihyperglycae-
mic drugs including insulin.11 In 
a systematic review, the effects of 
canagliflozin on HbA1c and body 
weight were comparable to those 
of dapagliflozin (Forxiga).12 Fur-
thermore, treatment with canagli-

flozin is associated with small but 
consistent reductions in systolic 
and diastolic blood pressure, eg 
6/2mmHg.13

	 Because the rate of urinary 
glucose excretion is proportional 
to the glomerular filtration rate 
(GFR), as well as the circulating 
glucose concentration, the glu-
cose-lowering efficacy of SGLT2 
inhibitors would be expected to be 
less in patients with renal impair-
ment. In a randomised double-
blind placebo-controlled trial in 
269 patients with T2DM and stage 
3 chronic kidney disease (eGFR 
>30 and <50ml/min/1.73m2), 
canagliflozin 100mg and 300mg 
produced HbA 1c reduct ions 
(baseline corrected) respectively 
of -0.33% and -0.44% after 26 
weeks, compared with placebo 
(-0.03%).13 
	 Thus, canagliflozin shows 
moderate but sustained efficacy 
even in patients with moderately 
impaired renal function (eGFR in 
the range 30–50ml/min/1.73m2). 
In contrast, the European licence 

Figure 2. Reduction of HbA1c from baseline at 12 weeks in patients with T2DM on metformin with the 

addition of either placebo, canagliflozin or sitagliptin9
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for dapagliflozin restricts its use 
to patients with an eGFR >60ml/
min/1.73m2.
	 The major s ide-ef fect  to 
emerge with canagliflozin and 
other SGLT2 inhibitors is an 
increase in genital mycotic infec-
tions (balanitis in men and vul-
vovaginal candidiasis in women). 
Genital infections were reported 
in 13–25% of female subjects 
across several canagliflozin treat-
ment groups (vs 3% of women on 
placebo),9 and these were mostly 
mycotic infections and vulvovagi-
nal candidiasis. 
	 In some trials, there has been 
a small increase in urinary tract 
infections, together with symp-
toms of headache and symptoms 
suggestive of hypovolaemia (eg 
postural dizziness or orthostatic 
hypotension).9,13 The emerging 
profile of canagliflozin is summa-
rised in Tables 1 and 2.

Likely place in the treatment algorithm

Following the experience with 
rosiglitazone – ie  HbA1c was 
reduced but it later transpired 
that mortality from CV disease was 
increased – regulatory authorities 
have rightly demanded greater 
evidence of CV safety at the time 
of licensing new treatments for 
T2DM. 
	 The CANVAS trial (CANagli-
flozin cardioVascular Assessment 
Study) is a major CV outcome 
study that is ongoing. The study 
will evaluate the effects of cana-
gliflozin compared to placebo on 
CV events including CV death, 
myocardial infarction and stroke 
in patients with T2DM in whom 
HbA1c is not well controlled at 
the beginning of the study and 
who have a history of previous CV 
events or, by virtue of co-existing 
risk factors, are at high CV risk. 
The study duration for individ-

ual patients may be up to nine 
years (clinicalTrials.gov/show/
NCT01032629).
	 Although there are clinical tri-
als in progress to demonstrate the 
efficacy and safety of canagliflozin 
in a wide range of patients with 
T2DM, eg those with newly diag-
nosed diabetes as well as those on 
dual or triple therapy or insulin, 
it is likely that the clinical and 
cost-effectiveness of the drug will 
be greatest in obese patients with 
high CV risk. Reductions in blood 
pressure, body weight and HbA1c 
may have a favourable overall 
effect on CV risk. 
	 Thus, at least initially, I sus-
pect that canagliflozin will be 
used as add-on to metformin or 
dual (metformin plus sulphony-

lurea) therapy, or in combina-
tion with insulin, in patients who 
are obese and failing to achieve 
HbA1c goals.
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Table 1. Nonglycaemic effects of canagliflozin

• �reduction in body weight

• �modest but significant BP-lowering

• �no significant changes in plasma electrolytes

• �small increase in haematocrit and reduc-
tion in serum uric acid levels

Table 2. Potential clinical benefits of canagliflozin

Glucose-lowering effect

• �versatile (mono or combination therapy, including insulin)

• �prevention of micro- and macrovascular complication (CANVAS CV outcome trial)

• �decrease in glucotoxicity

• �modest but reduced efficacy in patients with stage 3 CKD (eGFR 30-50ml/min/1.73m2)

• �low risk of hypoglycaemia (urinary glucose excretion decreases as plasma glucose decreases). 

Insulin-independent mode of action

• �ability to work at all stages of T2DM

• �combination with other classes of antihyperglycaemic drugs

• �stable glycaemic control in combination with other drugs and insulin

Osmotic diuresis

• �decrease in blood pressure, benefiting CV risk reduction 

Loss of calories in the urine

• �sustained weight loss

• �mitigation of weight gain from other classes of antihyperglycaemic drugs


