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EXECUTIVE SUMMARY

· Canagliflozin (CAN) is the first selective inhibitor of the sodium-glucose co-transporter 2 (SGLT2) to be marketed in the US.  Inhibiting SGLT2 at the proximal renal tubule results in reduced reabsorption of filtered glucose and increases urinary glucose excretion.  It is indicated as an adjunct to diet and exercise to improve glycemic control in patients with type 2 diabetes (T2DM).  Canagliflozin has been studied as monotherapy or in combination with metformin (MET), sulfonylureas (SU), metformin +SU, metformin + pioglitazone (PIO), and insulin ± other oral agents.

· The recommended starting dose is 100mg taken once daily before the first meal of the day.  If additional glycemic control is needed, the dose may be increased to 300mg once daily in patients who have an estimated GFR (eGFR) of ≥ 60mL/min/1.73m2.  The dose of canagliflozin is limited to 100mg daily in patients with moderate renal impairment (eGFR 45 to <60mL/min/1.73m2).  Canagliflozin should not be initiated in patients with an eGFR < 45mL/min/1.73m2.  Assessment of renal function is recommended prior to initiating canagliflozin and periodically thereafter.  Discontinue canagliflozin if eGFR is persistently eGFR < 45mL/min/1.73m2.  Canagliflozin in contraindicated in severe renal impairment (eGFR < 30/min/1.73m2), end stage renal disease, or patients on dialysis.
· Duration of the phase 3 trials ranged from 26-52 weeks. Baseline hemoglobin A1c (A1C) was approximately 8.0%.  
· For each of the 2 doses respectively the mean change in A1C when used as monotherapy was -0.8% and 
-1.0%; as add-on therapy to metformin -0.8% and -0.9%; as add-on to SU -0.7% and -0.8%; as part of a 3-drug oral regimen (CAN+MET+SU or CAN+MET+PIO) -0.9% and -1.0%; as add-on to insulin (± other oral agents) -0.6% and -0.7%.
· In those studies with an active comparator, both canagliflozin 100mg and glimepiride (mean dose 5.6mg/day) reduced A1C by an average of 0.8%.  In another study the average decrease for canagliflozin 300mg and sitagliptin 100mg was 1.0% and 0.7% respectively.  
· Patients with moderately impaired renal function had a lesser A1C response (-0.33% and -0.44% for the 2 doses of canagliflozin).  

· Due to urinary loss of glucose, use of canagliflozin resulted in weight loss from baseline with means ranging from -1.2% to -4.2% for the 100mg dose and -1.5% to -4.7% for the 300mg dose.  Generally, the decrease was less when canagliflozin was combined with other agents known to cause weight gain.
· In general, the rate of hypoglycemia was low with canagliflozin monotherapy or in combination with metformin ± pioglitazone.  In this pooled population, the incidence of hypoglycemia was 3.8%, 4.3%, and 2.2% for canagliflozin 100mg, 300mg, and placebo (PBO) respectively.  In the comparator study of canagliflozin vs. glimepiride as add-on to metformin, hypoglycemia was reported in 5.6%, 4.9%, and 34.2% for canagliflozin 100mg, 300mg, and glimepiride groups respectively

· When combined with other drugs known to cause hypoglycemia such as insulin or SUs the incidence of hypoglycemia is greater with the addition of canagliflozin compared to the addition of placebo.

· The rate of hypoglycemia was similar for canagliflozin 300mg and sitagliptin when added-on to metformin+SU, (43.2 vs. 40.7% for any event).
· Canagliflozin is associated with an increased risk of urinary tract (UTI) and genital mycotic infections.  The majority of cases of infection were considered mild-moderate in intensity. The treatment difference for UTI was 1.5% [95%CI 0.4, 2.6].  In those with renal impairment, the treatment difference for UTI was 0.8 [95%CI -2.4, 4.0].  The treatment difference for genital mycotic infections was 11.2% [95%CI 9.5, 12.9] for females and 6.7 [95%CI 5.6, 7.8] for males.  Genital mycotic infection was more common in men and women who had prior history of infection and in uncircumcised men.
· Dose-related increases in low density lipoprotein cholesterol (LDL-C) occur with canagliflozin.  The mean change in LDL-C relative to placebo in the pooled placebo-controlled dataset was 4.4mg/dl (CAN100) and 8.2mg/dl (CAN300).  The respective changes in high density lipoprotein cholesterol (HDL-C) were 2.1mg/dL and 5.1mg/dL.  
· The FDA-requires a meta-analysis of major cardiovascular adverse events (MACE).  For the overall population the combined canagliflozin hazard ratio for all cardiovascular (CV) events was 0.91 [95% CI 0.68, 1.22]. Among the individual MACE components, nonfatal stroke was reported more often with canagliflozin vs. placebo/active comparator with a hazard ratio of 1.29 [95%CI 0.8, 2.09].  A large randomized, placebo-controlled, long-term cardiovascular safety trial is underway in patients with a prior history of or who are at risk for CV disease (CANVAS study 3008).    
· Canagliflozin can cause osmotic diuresis due to increased urinary glucose.  Adverse events related to osmotic diuresis (e.g., polyuria, urinary frequency, and thirst) and decreased intravascular volume (e.g., postural dizziness, orthostatic hypotension, etc.) were increased with canagliflozin versus comparator.  The incidence is increased in older patients, those with eGFR <60mL/min/1.73m2, and concomitant loop diuretic use.
· Canagliflozin can cause a dose-related decrease in eGFR (defined as a >30% decrease from baseline).  Patients with moderate renal impairment were more likely to experience a decrease in eGFR than those with normal renal function.  The decrease in eGFR occurs early in treatment (week 3 or 6) and coincides with reduced intravascular volume due to osmotic diuresis that can occur at that time; however, it tends to trend towards baseline values by the end of study
         In patients with baseline micro or macroalbuminuria, mean urine albumin/creatinine ratio decreased with
         canagliflozin and increased with placebo/comparator.
· Hyperkalemia may occur with canagliflozin.  Patients with moderate renal impairment who are taking medications that interfere with potassium excretion (e.g., potassium-sparing diuretics, ACEI, ARBs) are more likely to develop hyperkalemia.  

· There was a dose-dependent decrease in systolic blood pressure with canagliflozin versus placebo or comparator.  Mean changes across studies ranged from -0.1 to -6.1mmHg.  Mean changes in diastolic blood pressure ranged from -1.2 to -3.2mmHg.  Symptomatic hypotension may occur after initiation of canagliflozin particularly in patients with eGFR <60mL/min/1.73m2, elderly patients, those taking diuretics or medications that interfere with the renin-angiotensin-aldosterone system (e.g., ACEI, ARBs) or patients with low systolic blood pressure.

· The rate of bone fracture was 18.7, 17.6, and 14.2 events per 1000 patient-years for canagliflozin 100mg, 300mg and placebo/active comparator respectively.  Upper extremity fractures were more common with canagliflozin than placebo/active comparator.
· The rate of acute or chronic pancreatitis per 1000 patient-years was 2.7, 0.9, and 0.9 for canagliflozin 100mg, 300mg and placebo/active comparator respectively.
· Pregnancy Category C; avoid canagliflozin during pregnancy, especially during the 2nd and 3rd trimesters.  Because of potential serious adverse reactions to the nursing infant, a decision should be made to discontinue canagliflozin or nursing taking into account importance of the drug to the mother.

· Among the 3rd line oral agents (canagliflozin, pioglitazone, DPP-4 inhibitors) canagliflozin has the highest acquisition cost.
Introduction

Canagliflozin was approved March 2013 and is the first selective inhibitor of the sodium-glucose co-transporter 2 (SGLT2) to be marketed in the US.
Pharmacology

The kidney plays a major role in glucose homeostasis through glomerular filtration and reabsorption of glucose. Renal reabsorption of glucose is mediated by SGLT1 and SGLT2 within the proximal tubule. SGLT2 is expressed almost exclusively in the kidney and is responsible for the majority of glucose reabsorption.  SGLT1 is primarily expressed along the brush border of the small intestine and is also located in the proximal tubule; it is mainly responsible for glucose absorption in the GI tract, but also accounts for approximately 10% of glucose reabsorption at the proximal renal tubule.  Inhibiting SGLT2 decreases plasma glucose by increasing urinary glucose excretion. 
The glycemic lowering effects of SGLT2 inhibitors is independent of insulin secretion by the pancreas; therefore, the efficacy is not expected to decline with progressive ẞ-cell failure.
Pharmacokinetics
Table 1:  Pharmacokinetics of Canagliflozin
	Absolute bioavailability 
	Approximately 65%

	Time to maximum concentration
	1-2 hours

	Terminal half-life
	11-13 hours

	Volume of distribution
	119L (in healthy subjects after a single IV dose)

	Protein binding
	99% (mainly albumin); protein binding is not meaningfully altered in patients with renal or hepatic impairment

	Metabolism
	Primarily via O-glucuronidation by UGT1A9 and UGT2B4 into 2 inactive metabolites
Metabolism via CYP3A4 is minimal (approximately 7%)

	Elimination
	· 41.5% (parent), 7% (hydroxylated metabolite), and 3.2% (O-glucuronide metabolite) recovered in feces
· 33% in urine mainly as O-glucuronide metabolite


Data obtained from product package insert
FDA approved indications

Canagliflozin is indicated as an adjunct to diet and exercise to improve glycemic control in patients with T2DM.  
Canagliflozin has been studied as monotherapy or in combination with metformin, SUs, metformin +SU, metformin +PIO, and insulin ± other oral agents.

Current VA alternatives

None in the SGLT2 inhibitor class; other drugs for treatment of type 2 diabetes on the VANF include metformin, glipizide, glyburide, acarbose, NPH insulin, long-acting insulin analogs, regular insulin, and insulin aspart. 
Dosing
· The recommended starting dose is 100mg taken once daily before the first meal of the day.  If additional glycemic control is needed, the dose may be increased to 300mg once daily in patients who have an eGFR of ≥ 60mL/min/1.73m2.  

· The dose of canagliflozin is limited to 100mg daily in patients with moderate renal impairment (eGFR 45 to <60mL/min/1.73m2).  

· Canagliflozin should not be initiated in patients with an eGFR < 45mL/min/1.73m2.
· Assessment of renal function is recommended prior to initiating canagliflozin and periodically thereafter.  Discontinue canagliflozin if eGFR is persistently eGFR < 45mL/min/1.73m2.

· No dosage adjustment is needed for patients with mild-moderate hepatic impairment.  Canagliflozin has not been studied in patients with severe hepatic impairment and is therefore not recommended.

· If canagliflozin is administered with a UDP-Glucuronosyl Transferase (UGT) enzyme inducer (e.g., rifampin, phenytoin, phenobarbital, ritonavir), consider increasing the dosage to 300mg once daily in those with eGFR ≥ 60mL/min/1.73m2 and require additional glycemic control.
· Another antihyperglycemic agent should be used in patients with eGFR 45 to <60mL/min/1.73m2 receiving concurrent therapy with a UGT inducer.  

Dosage form/strengths

Canagliflozin is available as a 100mg and 300mg film-coated tablet.   
Efficacy

The Phase 3 clinical trial program for canagliflozin is comprised of 9 randomized, double-blind, controlled trials (n=10,285).  At the time of this writing, 3 trials have been published (3005, 3004, and 3015).  The data for the remaining trials were obtained from the FDA Advisory Committee briefing documents and product package insert.  The duration of studies was 26 weeks (6 trials) or 52 weeks (2 trials). Study 3008 is a long-term cardiovascular safety study in patients with a prior history of or who are at risk for CV disease; 18-week substudy results were available for those receiving concomitant insulin or SU.
Glycemic Efficacy

Average baseline A1C and fasting blood glucose was approximately 8.0% and 170mg/dL respectively.  Rescue therapy with another anti-glycemic agent was allowed (except study 3015) as defined by protocol (Table 2).
Canagliflozin significantly reduced A1C compared to placebo.  The mean reduction in A1C with monotherapy or combination with metformin was approximately 0.8% and 0.9-1.0% with canagliflozin 100mg and 300mg respectively.  When used as part of a triple oral therapy regimen, mean reduction in A1C was approximately 0.9% and 1.0% with the 100mg and 300mg doses respectively. There were 2 studies that had an active comparator arm.  In study 3009, canagliflozin was found to be non-inferior to glimepiride.  In study 3015, reduction in A1C was significantly greater with canagliflozin 300mg compared to sitagliptin 100mg. In study 3006 (extension), the mean reduction in A1C was the same for canagliflozin and sitagliptin.   In the 18-week substudy, the A1C response when canagliflozin was used in combination with insulin was -0.63% and -0.72% and with SU was -0.7% and -0.79% for the 2 doses respectively. 

In the monotherapy study (3005) a substudy was conducted in patients who had a baseline A1C of 10-12%.  Only active drug (no placebo) was given.  At week 26, the change in A1C was -2.13% and -2.56% respectively for canagliflozin 100mg and 300mg.

Studies 3010 and 3004 and were conducted in special T2DM populations.  Study 3010 enrolled older subjects and study 3004 enrolled patients with stable stage 3 chronic kidney disease (eGFR 30-49 mL/min/1.73m2).  In these trials, canagliflozin 100mg, 300mg or placebo was added to the patients’ ongoing diabetes medications.   In the renal impairment study, mean reduction in A1C was -0.33 and 
-0.44% for each canagliflozin dose.  Urinary glucose excretion is proportional to GFR; therefore, it is not unexpected that a lesser response was seen in this population.  The results for the older patient study were 
-0.6% and -0.73% for the 2 doses. 
Extension trials for 3006 (52-weeks total duration) and 3009 (104-weeks total duration) showed that glycemic efficacy is relatively well maintained in comparison to the parent trials.
In the placebo-controlled trials and comparator trial with glimepiride, fewer patients receiving canagliflozin required rescue therapy.
Two-hour post-prandial glucose (2-h PPG) was evaluated in studies 3005, 3006, and 3015.  With monotherapy, the change in 2-h PPG was -43, -59, and 8mg/dL with canagliflozin 100mg, 300mg, and placebo respectively.  When combined with metformin, the mean changes were -48, -57, and -10mg/dL respectively. In the triple therapy comparator study with sitagliptin, the mean change was -58.5 for canagliflozin 300mg and -39.9mg/dL for sitagliptin.
Table 2:  Glycemic Efficacy and Change in Weight 
	Study
	Duration
	Patients
	Treatment arms
	Baseline A1C (%)
	A1C (%)
	A1C < 7% (%)
	FPG (mg/dL)
	Need for rescue (%)
	Weight (%)

	Stenlof  

3005
	26 weeks
	Treatment naive
	CAN100

CAN300

PBO
	8.06
8.01

7.97
	-0.77
-1.03

0.14
	44.5
62.4

20.6
	-27.2
-35

8.3
	3
2

23
	-2.8
-3.9

-0.6

	3006
	26 weeks
	Inadequate control on MET
	CAN 100 + MET 

CAN 300 + MET

PBO + MET
	7.94
7.95

7.96
	-0.79
-0.94

-0.17
	45.5
57.8

29.8
	-27.3
-37.8

2.5
	2
<1

15
	-3.7
-4.2

-1.2

	3009
	52 weeks
	Inadequate control on MET
	CAN100 + MET

CAN300+ MET
GLIM + MET
	7.78
7.79

7.83
	-0.82

-0.93

-0.81
	53.6
60.1

55.8
	-24.3
-27.5

-18.3
	6.6

4.9

10.6
	-4.2
-4.7

1.0

	3008 
Sub-study
	18 weeks
	Inadequate control on SU
	CAN100+SU

CAN 300 +SU

PBO+ SU
	8.29
8.28

8.49
	-0.7
-0.79

0.04
	25
33.3

5
	-25.4
-36.1

12
	5
0

18
	-
-

-



	3002
	26 weeks
	Inadequate control on MET+SU
	CAN100+MET+SU

CAN 300 +MET+SU

PBO+MET+SU
	8.13
8.13

8.12
	-0.85
-1.06

-0.13
	43.2
56.6

18
	-18.2
-30.5

4.1
	1
2

13
	-2.1
-2.6

-0.7

	Schernthaner 3015
	52 weeks
	Inadequate control on
 MET +SU
	CAN 300 +MET+SU

SIT 100+MET+SU
	8.12
8.13
	-1.03

-0.66
	47.6

35.3
	-29.9
-5.9
	N/A
	-2.5
0.3

	3008

Sub-study
	18 weeks
	Insulin ±AHA
	CAN100+ INS ±AHA
CAN300 + INS ±AHA
PBO + INS ±AHA
	8.33
8.27

8.20
	-0.63
-0.72

0.01
	19.8
24.7

7.7
	-18.6
-25

4
	4
3

9
	-1.8
-2.3

0.1

	3012
	26 weeks
	Inadequate control on MET+PIO
	CAN100+MET+PIO
CAN300+MET+PIO

PBO+MET+PIO
	7.99
7.84

8.00
	-0.89
-1.03

-0.26
	46.9
64.3

32.5
	-26.8
-33.2

2.5
	1
0

12
	-2.8
-3.8

-0.1

	Yale

3004
	26 weeks
	Moderate renal impairment

Add-on to AHA
	CAN100 +AHA
CAN300 + AHA
PBO + AHA
	7.9

8.0
8.0
	-0.33

-0.44

-0.03
	27.3
32.6

17.2
	-14.9
-11.7
0.49
	4.4
3.3

14.3
	-1.2
-1.5

0.3

	3010
	26 weeks
	Older pts.
Add on to AHA
	CAN100 +AHA

CAN300 + AHA

PBO + AHA
	7.7
	-0.6
-0.73

-0.03
	47.7
58.5

28
	-18.1
-20.3

7.4
	2.1
0.4

10.9
	-2.3
-3.0

Diff. vs. PBO

	Gonzalez

Extension

3006
	52 weeks
	Inadequate control on MET
	CAN100+MET

CAN300+MET

SIT +MET

PBO+MET→SIT+MET
	7.9

8.0

7.9

NR
	-0.73

-0.88

-0.73

NR
	NR
NR
NR
NR
	-26.2

-35.2

-17.7

NR
	NR
NR
NR
NR
	-3.8

-4.2

-1.3

NR

	Cefalu

Extension

3009
	104 weeks
	Inadequate control on MET
	CAN100 + MET

CAN300+ MET

GLIM + MET
	7.8

7.8

7.8
	-0.65

-0.74

-0.55
	42.5

50.2

43.9
	-19.3

-22.5

-10.6
	NR
NR
NR
	-4.1

-4.2

0.9


Data obtained from published clinical trials, FDA Advisory Committee briefing documents, 2013 ADA meeting and product package insert
Abbreviations: AHA=antihyperglycemic agent; CAN=canagliflozin; FPG=fasting plasma glucose; GLIM=glimepiride; INS=insulin; MET=metformin; N/A=not applicable; NR=not reportedPBO=placebo; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
Weight

The urinary loss of glucose using SGLT2 inhibitors has been estimated to be 60-80g daily, which equates to approximately 200-300 kcal/day.  Use of canagliflozin resulted in weight loss from baseline with means ranging from -1.2% to -4.2% for the 100mg dose and -1.5% to -4.7% for the 300mg dose.  Generally, the decrease was less when canagliflozin was combined with other agents known to cause weight gain (e.g., SUs, TZDs, insulin). Weight loss is maintained according to results from extension trials 3006 and 3009 (Table 2). 
Extension studies
The following 26-week studies have an additional 26-week extension period: studies 3005, 3006, 3002, 3012, and 3004.  The parent study 3010 is 26-weeks and will have an additional 78 week extension period.  The 52-week trial (study 3009) will have an additional 52 week extension period.  Results for the extension studies 3006 and 3009 are available.  Efficacy results are shown in Table 2.  Safety information can be found in the safety section of the monograph and in Appendix 2
Safety

The safety program for canagliflozin includes data from 9 randomized, double-blind, controlled trials; canagliflozin 100mg (n=3092), 300mg (n=3085), placebo/active comparator (n=3262).  The mean duration of exposure was 38 weeks with nearly a third of patients (n=1832) exposed to canagliflozin for more than 50 weeks.  Pooled data also were analyzed for a subset of patients with impaired renal function; canagliflozin 100mg (n=338), 300mg (n=365), placebo/active comparator (n=382).  

Particular emphasis has been placed on safety issues that were identified in preclinical or clinical trials from canagliflozin or other SGLT2 inhibitors.  For example, another SGLT2 inhibitor, dapagliflozin was not approved because of concerns about elevated rates of bladder and breast cancer. These potential adverse events (AEs) were evaluated with canagliflozin.  Other AEs of interest with this class include urinary tract and genital infections, bone safety, photosensitivity, venous thromboembolism, and events associated with decreased intravascular volume.
Approximately 85% of patients randomized to canagliflozin and 74% to placebo completed the trial.  In the active comparator trials, approximately 75% and 70% of patients completed the trial in the canagliflozin and glimepiride arms respectively and 67% and 56% in the canagliflozin and sitagliptin arms respectively.

Discontinuation due to an adverse event occurred in 5.6%, 7.3%, and 5.0% of patients randomized to canagliflozin 100mg, 300mg and placebo/active comparator groups respectively (Table 3).   For information broken down by study (where available) refer to Appendix 2. 
Table 3:  Frequency of Reported Adverse Events (%)
	Study
	N
	Any AE
	d/c due to AE
	AEs related to study drug
	SAEs
	d/c due to SAE
	SAE related to study drug
	Deaths 

	CAN 100
	3092
	76.6
	5.6
	29.4
	13.5
	2.0
	1.1
	0.8

	CAN 300
	3085
	77.0
	7.3
	33.6
	13.2
	1.7
	1.1
	0.8

	CAN combined
	6177
	76.8
	6.4
	31.5
	13.3
	1.9
	1.1
	0.8

	PBO/AC
	3262
	75.8
	5.0
	21.8
	13.6
	2.2
	0.8
	1.1


Data obtained from FDA Advisory Committee briefing documents
Abbreviations:  AE=adverse event; CAN=canagliflozin; PBO/AC=placebo/active comparator; SAE=serious adverse event
Adverse events occurring in at least 2% of patients and more often in the canagliflozin group combined (100mg and 300mg) are shown in Table 4.  Urinary tract and genital mycotic infections are not shown in this table and are discussed separately.
Table4:  Adverse Events ≥2% and more often with Canagliflozin
	
	CAN 100and 300 N=6177
	PBO/Active comparator
N=3262

	Constipation
	24
	22.2

	Nausea
	3.2
	2.8

	Fatigue
	2.8
	2.5

	Influenza
	4.1
	3.7

	Sinusitis
	2.7
	2.6

	Back pain
	5.9
	5.1

	Osteoarthritis
	2.2
	2.1

	Pollakiuria
	4.1
	1.0


Data obtained from FDA Advisory Committee briefing documents
Hypoglycemia

Hypoglycemia was defined as blood glucose ≤70mg/dL regardless of presence of symptoms.   Severe hypoglycemia was defined as an episode requiring the assistance of another person or resulting in loss of consciousness or seizure; biochemical confirmation was not required.  

The incidence of hypoglycemia is low when canagliflozin is used as monotherapy or in combination with metformin ± pioglitazone.  In this pooled population (studies 3005, 3006, 3012), the incidence of hypoglycemia was 3.8% (CAN100), 4.3% (CAN 300), and 2.2% (PBO) with event rates per patient-year of exposure of 0.22, 0.18, and 0.10 respectively.  One patient in each canagliflozin group had a severe episode.  The canagliflozin vs. glimepiride add-on to metformin study 3009 was considered separately.  Hypoglycemia was reported in 5.6%, 4.9%, and 34.2% for the 100mg, 300mg, and glimepiride groups respectively (event rates per patient-year were 0.16, 0.08, and 1.72). Severe hypoglycemia was reported in 5 patients in the combined canagliflozin group and 15 patients in the glimepiride group. 
When combined with other drugs known to cause hypoglycemia such as insulin or SUs the incidence of hypoglycemia is greater with the addition of canagliflozin compared to the addition of placebo. The hypoglycemia rate for triple therapy with canagliflozin 300mg was 43.2% compared to 40.7% with sitagliptin.  (Table 5)  
In extension trial 3006 (add-on to metformin), hypoglycemia was reported in 6.8, 6.8, 4.1, and 2.7% of patients in the CAN100, CAN300, sitagliptin, and PBO→sitagliptin groups respectively.  One case each in the sitagliptin and CAN100 groups was considered to be severe.  In extension trial 3009 (add-on to metformin), hypoglycemia was reported in 6.8, 8.2, and 40.9% of patients in the CAN100, CAN300, and glimepiride groups respectively.(Appendix 2)
Table 5: Incidence of Hypoglycemia with Canagliflozin in Combination with Insulin or SU
	Study
	Duration
	Patients
	Treatment arms
	N
	Any hypo

(%)
	Severe

(%)
	Total # episodes
	Event rate

Per pt-yr

	3008 
sub-study
	18 weeks
	Inadequate control on SU
	CAN100+ SU

CAN 300 + SU

PBO+ SU
	74

72

69
	4.1

12.5

5.8
	0

0

0
	14

14

8
	0.58

0.59

0.37

	3002
	26 weeks
	Inadequate control on MET+SU
	CAN100+MET+SU

CAN 300 +MET+SU

PBO+MET+SU
	157

156

156
	27.4

30.1

15.4
	0.6

0.0

0.6
	184

239

69
	2.58

3.38

1.04

	Schernthaner
3015
	52 weeks
	Inadequate control on

 MET +SU
	CAN 300 +MET+SU

SIT 100+MET+SU
	377

378
	43.2

40.7
	4.0

3.4
	1277

1143
	4.14

3.81

	3008

sub-study
	18 weeks
	Insulin ±orals
	CAN100+INS±orals
CAN300+INS±orals

PBO+INS±orals
	566
587

565
	49.3
48.6

36.8
	1.8
2.7

2.5
	1355
1629

945
	7.21
8.44

5.26

	Yale 

3004

Moderate 

CKD study
	26 weeks
	Inadequate control on AHA (95% on insulin and/or SU)
	CAN100+AHA

CAN300+AHA

PBO+AHA
	90

89

90
	52.9

51.2

36.4
	4.7

1.2

1.1
	-

-

-
	-
-

-

	3010**

Older pt.

study
	26 weeks
	Inadequate control on AHA
	CAN100+AHA

CAN300+AHA

PBO+AHA
	
	43.1

47.4

37.7
	1.7

0

0
	-

-

-
	-

-

-


Data obtained from FDA Advisory Committee briefing documents or clinical trial if published
**Results shown for study 3010 are for those patients receiving concomitant insulin and/or SU

Abbreviations: AHA=antihyperglycemic agent; CAN=canagliflozin; CKD=chronic kidney disease; INS=insulin; MET=metformin; PBO=placebo; SIT=sitagliptin; SU=sulfonylurea

Infection
The SGLT2 inhibitors increase urinary glucose excretion; therefore, there is increased potential for fungal growth in perineum and bacterial growth in urinary tract. Based on pooled data, there is an increased rate of UTIs and genital mycotic infections with canagliflozin compared to placebo/active comparators. 
The majority of cases of UTI were considered mild-moderate in severity. The treatment difference for any UTI was 1.5% [95%CI 0.4, 2.6].  In the pooled renal impairment data set, the treatment difference for any UTI was 0.8 [95%CI -2.4, 4.0]. The median duration of UTI symptoms and recurrence rates were similar between groups.  
Extension data for 2 active comparator trials showed that the incidence of UTIs was 7.9, 4.9, and 6.3% for CAN100, CAN300 and sitagliptin respectively at 52 weeks.  In the second trial, the incidence was 10.6, 8.7, and 6.8% for CAN100, CAN300, and glimepiride respectively at 104 weeks.
The majority of cases of genital mycotic infections were considered mild-moderate in severity. In the pooled dataset, the rate of genital mycotic infection was greater with canagliflozin vs. placebo/active control.  The treatment difference was 11.2% [95%CI 9.5, 12.9] for females and 6.7 [95%CI 5.6, 7.8] for males.  For information broken down by study (where available), refer to Appendix 2. 
Infection was more common in men and women who had prior history of infection than those who did not (females 27.3% vs. 9.4%; males 18.6% vs. 2.7%) and in uncircumcised than circumcised men (10.8% vs. 3.4%). Phimosis was reported in 0.3% of uncircumcised men treated with canagliflozin and 0.2% required circumcision to treat the phimosis. 
The rate of genital mycotic infections from study 3009 (104-week data) for males was 9.5, 9.1, and 1.9% for CAN100, CAN300, and glimepiride respectively.  For females, the rates were 13.9, 15.6, and 2.7% respectively.
Table 6:  Urinary Tract and Genital Mycotic Infections
	
	Urinary Tract Infection

(Overall dataset)
	Urinary Tract Infections 

(Pooled renal impairment dataset)

	
	CAN 100
	CAN 300
	CAN combined
	PBO/AC
	CAN 100
	CAN 300
	CAN combined
	PBO/AC

	N
	3092
	3085
	6177
	3262
	338
	365
	703
	382

	Any UTI n(%)

Rate per 1000 pt-yrs
	254 (8.2)

62.32
	250 (8.1)

62.70
	504 (8.2)

62.51
	218 (6.7)

54.17
	21 (6.2)
	27 (7.4)
	48 (6.8)
	23 (6.0)

	d/c due to UTI n(%)
	11 (0.4)
	6 (0.2)
	17 (0.3)
	4 (0.1)
	1 (0.3)
	0
	1 (0.1)
	2 (0.5)

	UTI related to study drug n(%)
	152 (4.9)
	148 (4.8)
	300 (4.9)
	106 (3.2)
	12 (3.6)
	17 (4.7)
	29 (4.1)
	14 (3.7)

	UTI SAE n(%)
	16 (0.5)
	8 (0.3)
	24 (0.4)
	12 (0.4)
	1 (0.3)
	0
	1 (0.1)
	3 (0.8)

	Upper tract UTI n(%)
	20 (0.6)
	10 (0.3)
	30 (0.5)
	11 (0.3)
	1 (0.3)
	1 (0.3)
	2 (0.3)
	1 (0.3)

	Genital Mycotic Infections (Overall dataset)

	
	CAN 100
	CAN 300
	CAN combined
	PBO/AC

	
	Female
	Male
	Female
	Male
	Female
	Male
	Female
	Male

	N
	1289
	1803
	1319
	1766
	2608
	3569
	1338
	1924

	Any n(%)

Rate per 1000 pt-yrs
	190 (14.7)

118.9
	131 (7.3)

52.88
	184 (13.9)

112.87
	164 (9.3)

69.58
	374 (14.3)

115.85
	295 (8.3)

61.02
	42 (3.1)

26.96
	30 (1.6)

12.16

	d/c due to infection n(%)
	13 (1.0)
	14 (0.8)
	17 (1.3)
	19 (1.1)
	30 (1.2)
	33 (0.9)
	0
	0

	Related to study drug n(%)
	147 (11.4)
	110 (6.1)
	153 (11.6)
	145 (8.2)
	300 (11.5)
	255 (7.1)
	28 (2.1)
	22 (1.1)

	SAE n(%)
	0
	1 (0.1)
	0
	1 (0.1)
	0
	2 (0.1)
	0
	0


Data obtained from FDA Advisory Committee briefing documents
 Effect on lipids
Lipids were assessed in the studies as shown in Table 7a and 7b.  Increase in mean HDL-C was noted in all trials; however, in 5 out of 8 trials (3005, 3006, 3012, 3010, and 3015) was the change statistically significant.  Small decreases in mean triglycerides were observed in most studies; however, statistical significance was reached only in study 3012.  Mean LDL-C increased in a dose dependent fashion in most studies.  The largest increase (means ranging from 8.6 to 10.8mg/dL) was observed in studies using the 300mg dose.  A mean decrease of 3.1 and 3.9mg/dL was seen in trial 3002 (100mg) and in the moderate renal impairment study (300mg) respectively.  
The mean change in LDL-C relative to placebo in the pooled placebo-controlled dataset (trials 3002, 3005, 3006, and 3012) was 4.4mg/dl or 4.5% for canagliflozin 100mg and 8.2mg/dl or 8.0% for the 300mg dose.  The respective changes in HDL-C were 2.1mg/dL (1.5%) and 5.1mg/dL (3.6%).  
In the extension trials, the increase in mean LDL-C and HDL-C was greater with canagliflozin versus sitagliptin and glimepiride. (Table 7b)
Table 7a:  Change in Lipids from Baseline by Clinical Trial
	Study
	Treatment
	HDL-C (mg/dL)

% change shown
	Triglycerides (mg/dL)

% change shown
	LDL-C (mg/dL)

Absolute change shown

	
	
	CAN100
	CAN300
	CAN100
	CAN300
	CAN100
	CAN300

	Stenlof  

3005
	Monotherapy
	6.7
[2.9, 10.6]
	6.0[2,2, 9.9]
	-5.3

[-14.8, 4.1]
	-10.2

[-19.6, -0.8]
	4.8
[-0.3, 10.1]
	8.6
[3.4, 13.8]

	3006
	Add-on to MET
	6.7[3.6, 9.7]
	8.5
[5.4, 11.5]
	-1.6

[-9.9, 6.7]
	-4.7[-13, 3.7]
	7.8
[2.9, 12.7]
	10.8
[5.9, 15.6]

	3009
	Add-on to MET (comparator glimepiride)
	7.5
[5.6, 9.5]
	8.6
[6.7, 10.6]
	-13.2
[-19.4, -7.0]
	-7.2
[-13.4, -1.0]
	2.9[-0.5, 6.3]
	10.4
[7.0, 13.8]

	3008 substudy
	Add-on to SU
	2.5

[-5.5, 10.5]
	0.8

[-7.2, 8.8]
	-12.9

[-28.4, 2.7]
	12.2

[-2.9, 27.3]
	
	

	3002
	Add-on to MET+SU
	2.5[-0.9, 5.9]
	3.4[-0.1, 6.8]
	-6.2

[-16.9, 4.5]
	-3.1

[-13.8, 7.6]
	-3.1
[-9.5, 3.4]
	3.2[-3.3, 9.7]

	Schernthaner 3015
	Add-on to MET+SU
(comparator SIT)
	-
	7.0[4.6, 9.3]
	-
	-
	-
	% change

6.4[1.7, 11.2]

	3008 substudy
	Add-on to INS±AHA
	0.9[-1.3, 3.0]
	4.7[2.5, 6.9]
	0.2[-4.9, 5.3]
	-2.0

[-7.0, 3.0]
	2.6[0.7, 4.5]
	5.8[3.9, 7.7]

	3012
	Add-on to MET+PIO
	4.8[1.2, 8.5]
	6.5
[2.8, 10.2]
	-12.1

[-23.3, -0.9]
	-16.9

[-28.1, -5.8]
	7.1
[0.2, 13.9]
	10.6
[3.6, 17.6]

	Yale

3004
CKD
	Add-on to current tx
	2.6[-1.9, 7.0]
	1.4[-3.0, 5.8]
	-1.7

[-13.9, 10.4]
	4[-8.1, 16]
	1.0[-6.8, 8.8]
	-3.9
[-11.6, 3.8]

	3010
Older adults
	Add-on to current tx
	5.3[2.6, 7.9]
	4.7[2.0, 7.4]
	-4.8

[-12.1, 2.5]
	0.7[-6.6, 8.1]
	3.1[-2.0, 8.2]
	6.9[1.7, 12]


Data obtained from FDA Advisory Committee briefing documents and published trials
Data shown as LS mean difference from placebo or comparator [95%CI]

Abbreviations: AHA=antihyperglycemic agent; CAN=canagliflozin; CKD=chronic kidney disease; HDL-C =high-density lipoprotein cholesterol; INS=insulin; LDL-C=low-density lipoprotein cholesterol; MET=metformin; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea

Table 7b:  Change in Lipids from Baseline in Extension Trials

	
	Treatment Arms
	HDL-C (mg/dL)
	LDL-C (mg/dL)

	Gonzalez 

Extension 3006
	CAN 100 + MET 

CAN 300 + MET

SIT + MET
	4.5

5.5

2.4
	4.3

4.4

3.1

	Cefalu

Extension 3009
	CAN100 + MET

CAN300+ MET

GLIM + MET
	3.8
4.2

0.7
	5.6
9.4

2.3


Data obtained from ADA 2013 scientific sessions
Abbreviations: CAN=canagliflozin; GLIM=glimepiride; HDL-C =high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; MET=metformin; SIT=sitagliptin
Cardiovascular Safety 

Under FDA requirements, a meta- analysis of MACE is to be conducted for new diabetes drugs submitted for approval.  Endpoints for MACE included CV death, non-fatal MI, non-fatal stroke, and hospitalization for unstable angina.
The analysis was based on phase 2/3 studies (excluding study 3015 and study 3005 high glycemic cohort).  Events that occurred between the first dose of study drug and up to 30 days after discontinuation were included.
For the overall population the combined canagliflozin hazard ratio for all CV events was 0.91 [95% CI 0.68, 1.22] indicating that canagliflozin does not appear to be associated with an increased risk of CV.  Among the individual MACE components, nonfatal stroke was reported more often with canagliflozin vs. placebo/comparator.  A later analysis that included data from 2 additional studies (including study 3015) showed similar risks with a hazard ratio of 1.29 [95%CI 0.8, 2.09].
Table 8:  Cardiovascular Events

	
	CAN 100mg

 (n=3156)
	CAN 300mg

 (n=3149)
	Combined CAN
(n=6305)
	PBO/AC
 (n=3327)

	Total pt-yrs of exposure
	3480
	3408
	6888
	3495

	All CV events N(%)
Event rate/1000 pt-yrs
	66 (2.1)
19.8
	64 (2.0)
19.4
	130 (2.1)
19.6
	71 (2.1)
21.2

	CV death N(%)
	11 (0.3)
	10 (0.3)
	21 (0.3)
	16 (0.5)

	Nonfatal MI N(%)
	22 (0.7)
	19 (0.6)
	41 (0.7)
	25 (0.8)

	Nonfatal stroke N(%)
	22 (0.7)
	20 (0.6)
	42 (0.7)
	12 (0.4)

	Hospitalized unstable angina N(%)
	11 (0.3)
	15 (0.5)
	26 (0.4)
	18 (0.5)


Data obtained from FDA Advisory Committee briefing documents
Abbreviations: CAN=canagliflozin; CV=cardiovascular; MI=myocardial infarction; PBO/AC=placebo/active comparator
A large randomized, placebo-controlled, long-term cardiovascular safety trial is underway in patients with a prior history of or who are at risk for CV disease (CANVAS study 3008).    Patients will be randomized to receive canagliflozin 100mg, 300mg, or placebo in addition to their background medications. Planned enrollment will be approximately 4400 patients with follow-up for up to 4 or more years.  The primary CV endpoint is a composite of CV death, nonfatal MI, and nonfatal stroke.  Estimated study completion date is June 2017; estimated primary completion date (final data collection for primary outcome measure is April 2013.  Twelve week data from this trial were reviewed by the FDA Advisory Committee.  There was a numeric imbalance in CV events with more events occurring within the first 30days in the canagliflozin groups than placebo.  However, over the next 60 days, a lower incidence was observed compared to placebo.  The committee suggested these early findings are likely due to chance occurrence. 
Osmotic Diuresis and Reduced Intravascular Volume Related Adverse Events

Canagliflozin can cause osmotic diuresis due to increased urinary glucose; therefore, adverse events related to osmotic diuresis (e.g., polyuria, urinary frequency, and thirst) and reduced intravascular volume (e.g., postural dizziness, orthostatic hypotension, etc.) were evaluated.  

Osmotic diuresis-related events

The incidence of diuresis-related AEs in the canagliflozin combined group was 7.6% compared to 2.4% in the placebo/comparator group (treatment difference 5.2% [95%CI 4.3, 6.1]) with an incidence rate of 58.3 and 19.6 per 1000 patient-years respectively.  The rates observed were not dose-related.  None of the events were serious.  Discontinuation due to this AE was low (0.3% and 0.1% for CAN and PBO/AC respectively).
In the pooled renal impairment dataset for canagliflozin 100/ 300mg (n=338/365) and placebo (n=382), osmotic diuresis-related events was reported in 4.1%, 3.8%, and 3.7% respectively.  There were no serious events reported and none leading to discontinuation of therapy.  In trial 3004 specifically designed to look at use of canagliflozin in patients with moderate renal impairment, the rates were 2.2, 4.5 and 1.1% respectively.

In the active comparator extension trials, a higher incidence of osmotic diuresis-related events with both doses of canagliflozin was observed compared to sitagliptin or glimepiride.  In the 52-week trial the incidence was 8.2, 4.4, and 1.9% for CAN100, CAN300, and sitagliptin respectively.  In the 104-week trial the incidence was 5.8, 6.6, and 2.1% for CAN100, CAN300, and glimepiride respectively.
Reduced intravascular volume-related events
In the overall population, the proportion of patients who had ≥ 1 volume depletion related event was 2.3%, 3.4%, and 1.5% for canagliflozin 100mg, 300mg and placebo/active comparator groups respectively.  The incidence was increased in older patients ≥75 years old, those with eGFR <60mL/min/1.73m2, and concomitant loop diuretic use.
Table 9: Reduced Intravascular Volume-Related Events
	
	CAN100 (%)
	CAN300 (%)
	PBO/AC (%)

	Overall population
	2.3
	3.4
	1.5

	≥ 75 years old
	4.9
	8.7
	2.6

	eGFR <60mL/min/m2
	4.7
	8.1
	2.5

	Use of loop diuretics
	3.2
	8.8
	4.7


Data obtained from product package insert
Abbreviations: CAN=canagliflozin; eGFR=estimated glomerular filtration rate; PBO/AC=placebo/active comparator
In the active comparator extension trials, the incidence of volume-related AEs was similar between canagliflozin and the comparators sitagliptin and glimepiride.
Renal Safety

Canagliflozin can cause a dose-related decrease in eGFR (defined as a >30% decrease from baseline).  Patients with moderate renal impairment were more likely to experience a decrease in eGFR than those with normal renal function (Table 10).  

In the pooled placebo-controlled trials, the mean change in eGFR (baseline ~88 mL/min/m2) at week 26 was -2.3, -3.4, and -1.6 mL/min/m2 for canagliflozin 100mg, 300mg and placebo/active comparator respectively.  In the moderate renal impairment study (study 3004), the mean change in eGFR (baseline 
~ 40 mL/min/m2) was -3.6, -4.0, and -1.5 mL/min/m2 respectively.

The decrease in eGFR occurs early in treatment (week 3 or 6) and coincides with reduced intravascular volume due to osmotic diuresis that can occur at that time; however, eGFR trended back towards baseline values at the end of study.  The changes appear to follow a pre-renal pattern and are not due to direct renal injury. 
Patients who had a decrease in eGFR > 50% (n=43) from baseline were reviewed by an adjudication committee.  The occurrence of events considered possibly or probably associated with study drug was similar in the canagliflozin and non-canagliflozin groups (0.23% and 0.25% respectively).  No events were considered very likely.  
Table 10:  Renal-Related Adverse Events
	
	Pooled PBO-controlled studies
	Overall dataset
	Study 3004 (moderate renal impairment study
	Pooled moderate renal impairment

	
	CAN

100
	CAN

300
	PBO
	CAN

100
	CAN

300
	PBO/

AC
	CAN

100
	CAN

300
	PBO
	CAN

100
	CAN

300
	PBO/

AC

	eGFR >30% decrease from baseline (%pts)

•any post baseline value

•last post baseline value
	2.0

0.7
	4.1

1.4
	2.1

0.5
	6.4

2.5
	9.7

3.6
	6.2

3.0
	18

3.4
	22.5

3.4
	6.9

4.6
	9.3

3.0
	12.2

4.0
	4.9
3.3

	Renal-related AEs (%pts)‡
•Any renal AE

•d/c due to renal AE

•AE related to study drug

•SAE
	
	
	
	3.1
0.5

1.2

0.5
	3.6
1.1

1.6

0.4
	2.5
0.5

1.1

0.4
	
	
	
	8.9
1.2
3.0

1.2
	9.3
1.6
5.5

1.4
	3.7
1.0

2.6

1.3

	Change in eGFR (mL/min/m2)

•Week 3 or 6

•End of treatment
	-3.8

-2.3
	-5.0

-3.4
	-1.6

-1.6
	
	
	
	-4.6

-3.6
	-6.2

-4.0
	-0.7

-1.5
	
	
	

	Change in SCr(mg/dL)

•Week 3 or 6

•End of treatment
	0.03

0.02
	0.05

0.03
	0.01

0.01
	
	
	
	0.18

0.16
	0.28

0.18
	0.03

0.07
	
	
	

	eGFR >50% decrease from baseline (%pts)

•any post baseline value

•last post baseline value
	
	
	
	0.7

0.1
	0.9

0.3
	0.5

0.2
	
	
	
	1.5

0.3
	0.9

0
	0

0


Bolded data were obtained from product package insert; all other were obtained from the FDA Advisory Committee briefing documents
‡Standardized query to capture renal-related AEs (e.g., renal impairment, renal failure, increased blood creatinine, decreased glomerular filtration rate, etc.)

Abbreviations: CAN=canagliflozin; eGFR=estimated glomerular filtration rate; PBO/AC=placebo/active comparator; SCr=serum creatinine
In extension trials 3006 and 3009, the decrease in eGFR was greater with the comparators sitagliptin and glimepiride than canagliflozin.  For example, the mean change at week 52 for canagliflozin was -1.4% compared to -2.4% with sitagliptin.  At week 104, mean eGFR decreased by 2.0, 3.8, and 6.2 mL/min/1.73m2 for CAN100, CAN300, and glimepiride respectively.
Urine albumin/creatinine ratio (ACR) was analyzed in studies 3004, 3005, 3008, and 3009.  The pooled results showed numerically greater reduction in mean urine ACR with both doses of canagliflozin relative to placebo/active comparator.  In the renal impairment study (study 3008), the results were broken down according to those with baseline normo, micro, and macroalbuminuria. There was very little change in the patients with normalbuminuria.  Mean urine ACR decreased with canagliflozin and increased with placebo/comparator in those with baseline microalbuminuria (CAN -22.1 vs. PBO/AC 47.6µg/mg) and macroalbuminuria (CAN -453.4 vs. PBO/AC 127.7µg/mg).  

In the moderate renal impairment study, the median percent change in urine ACR was -29.9, -20.9, and -7.5 for canagliflozin 100mg, 300mg and placebo respectively. Compared to placebo, a lower proportion of patients receiving canagliflozin had progression in albuminuria from baseline to week 26; OR 0.33 [95%cCI 0.08, 1.48] and 0.51 [95% CI 0.14, 1.9] for the 100mg and 300mg doses respectively. 

Serum Potassium

In the moderate renal impairment study (3004), there was a greater percentage of patients who had a serum potassium > 5.4mEq/L and >15% from baseline in the canagliflozin 300mg group compared to placebo (12.4, 27, and 16.1% respectively for CAN100, CAN300, and PBO respectively).  Serum potassium >6.5mEq/L occurred in 2.2%, 2.2%, and 1.1% of patient respectively.  
Increases were observed early after starting canagliflozin and tended to be transient and occurred more commonly in those with elevated values at baseline and those taking medications that interfere with potassium excretion (e.g., potassium-sparing diuretics, ACEI, ARBs). 

Blood Pressure

There was a dose-dependent decrease in systolic blood pressure with canagliflozin relative to placebo or active comparator.  Mean changes across studies ranged from -0.1 to -6.1mmHg.  All results were considered significant except for the placebo-controlled studies combining canagliflozin and sulfonylureas (Table 11).  Mean changes in diastolic blood pressure ranged from -1.2 to -3.2mmHg.  

In extension trial 3006, the mean change in SBP was -3.5, -4.7, and -0.7mmHg for CAN100, CAN300, and sitagliptin respectively. In extension trial 3096, the mean change in SBP was -2.0, -3.1, and 1.7mmHg for CAN100, CAN300, and glimepiride respectively.  
The product package insert warns of symptomatic hypotension that can occur after starting canagliflozin particularly in those with impaired renal function, low systolic pressure, taking concomitant diuretics or drugs interfering with the renin angiotensin system, and the elderly.

Table 11:  Change in Systolic Blood Pressure Relative to Placebo/Active Comparator (mmHg [95%CI])

	
	3005

Monotx 
	3006

Add-on to MET
	3008

Add-on to SU
	3002

Add-on to MET+SU
	3012

Add-on to MET+PIO
	3008

Add-on to insulin
	3015

Add-on to MET+SU vs. SIT
	3010

Add-on to AHAs 

(Older pts.)
	3004

Add-on to AHAs (CKD study)

	Systolic Blood Pressure

	CAN100
	-3.7 

[-5.9, -1.6]
	-5.4 

[-7.3, -3.4]
	-0.1 

[-6.5, 6.2]
	-2.2 

[-4.7, 0.2]
	-4.1 

[-6.9, -1.3]
	-2.6 

[-4.1, -1.1]
	N/A
	-4.6 

[-6.8, -2.4]
	-5.7 

[-9.5, -1.9]

	CAN300
	-5.4 

[-7.6, -3.3]
	-6.6 

[-8.5, -4.7]
	-1.8 

[-8.2, 4.7]
	-1.6 

[-4.1, 0.9]
	-3.5 

[-6.3, -0.6]
	-4.4 

[-5.9, -2.9]
	-5.06 (CAN)
0.85 (SIT)
	-7.9 

[-10.1, -5.6]
	-6.1 

[-10, -2.3]

	Diastolic Blood Pressure 

	CAN100
	-1.6
	-
	-
	-
	-
	-2.0
	-
	-1.6
	-1.2

[-3.4, 1.0]

	CAN300
	-2.0
	-
	-
	-
	-
	-1.8
	-3.0 (CAN)

-0.3 (SIT)
	-3.2
	-2.1

[-4.3, 0.2]


Data obtained from FDA Advisory Committee briefing documents and published trials

Abbreviations: AHA=antihyperglycemic agents; CAN=canagliflozin; CKD=chronic kidney disease; MET=metformin; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
Bone Safety
In pre-clinical trials using rats, hyperostosis (increased trabecular bone content) was seen. Because of this and that the SGLT2 inhibitors may also alter renal tubule reabsorption of calcium and phosphate, vitamin D metabolism, and result in weight loss, the safety of canagliflozin on bone was examined.

Calcium, phosphate, and magnesium were measured across the clinical trials.  Parathyroid hormone (PTH) and Vitamin D were measured in the phase 2 studies and in studies 3004 and 3010 (PTH only). In general, the changes were considered clinically insignificant.

Markers of bone turnover and bone formation were evaluated in a 12 week Phase 2b study and the 52 week study conducted in older patients (study 3010).  Serum beta-CTx was used to assess bone resorption and serum osteocalcin and procollagen type 1 N-terminal propeptide (P1NP) for bone formation.  In study 3010, data at 52 weeks for serum beta-CTx showed significant changes with both canagliflozin doses compared to PBO/AC.  Other markers such as osteocalcin and P1NP did not show consistent changes.
Table 12:  Laboratory Evaluations of Calcium Axis and Bone Turnover Markers
	Test
	Study 3010
	Study 3004
	PBO-controlled dataset

	PTH

(LS mean % change from baseline)
	· 7.4%, 2.5%, and 0.5% at week 26

· 12.2%, 7.5%, and 6.1% at week 52
	-10.3% and -16.1% relative to PBO (ns based on 95%CI)
	-

	Vitamin D
	-
	Moderate increase in 25-OH-vitamin D and slight decrease in 1,25-OH-vitamin D relative to PBO
	-

	Serum phosphate

(% change from baseline)
	Minimal changes noted
	5.0%, 9.3%, and 1.2%
	3.6% and 5.1% and 1.5%

	Serum magnesium

(% change from baseline)
	8.3% and 10.8% relative to PBO
	9.2%, 14.8%, 0.2%
	8.1%, 9.3%, and -0.6%

	Serum beta-Ctx

(LS mean % change from baseline)
	15.9 ± 4.0*; 27.6 ± 4.1*; 5.6 ± 3.4 (52 week data)
	-
	-

	Serum osteocalcin

(LS mean % change from baseline)
	18.1 ± 2.8*; 18.8 ± 2.8*; 8.7 ± 2.8
	-
	-

	P1NP
	Small variable decreases relative to PBO (ns based on CI)
	-
	-


Data obtained from FDA Advisory Committee briefing documents
Values shown for CAN100, CAN300, and PBO respectively

*Significant vs. placebo or active comparator
Abbreviations: CI=confidence intervals; ns=not significant; PBO=placebo; PINP= Procollagen Type 1 N-Terminal Propeptide; PTH=parathyroid hormone; 
Bone density was measured in study 3010.  A significant decrease in bone density at the lumbar spine and total hip was observed with canagliflozin 300mg compared to placebo.  The least square mean % change from baseline in bone density for canagliflozin 100mg, 300mg, and placebo respectively was:

· Lumbar spine: 0.2 ± 0.3; -0.1 ± 0.3*; 0.6 ± 0.3

· Distal forearm: -0.1 ± 0.3; -0.5 ± 0.3; -0.6 ± 0.3

· Femoral neck: -1.4 ± 0.4; -0.9 ± 0.4; -1.5 ±0.4
· Total hip: -1.1 ± 0.25; -1.5 ± 0.26*; -0.7 ± 0.25

Post-hoc analysis revealed no significant changes in BMD when analyzed according to gender, age group, and baseline eGFR.

In the overall pooled dataset with a longer mean duration of exposure to canagliflozin (68weeks), the rate of bone fracture was 18.7, 17.6, and 14.2 events per 1000 patient-years for canagliflozin 100mg, 300mg and placebo/active comparator respectively.  Upper extremity fractures were more common with canagliflozin than placebo/active comparator. 
Pancreatitis

In the overall pooled dataset, the rate of acute or chronic pancreatitis per 1000 patient-years was 2.7, 0.9, and 0.9 for canagliflozin 100mg, 300mg and placebo/active comparator respectively. 
Malignancies
A potential safety signal for breast and bladder cancer was identified with another SGLT2 inhibitor, dapagliflozin.  This finding was unexpected because breast and bladder tissue do not express the SGLT2 transporter nor did 2-year carcinogenic studies in animals show any pre-neoplastic or neoplastic activity.  Also, exposure to dapagliflozin was generally < 1 year and these cancers can take years to develop.
In the Phase 3 clinical program for canagliflozin, there was no increased risk for breast, bladder or renal cell carcinoma; however, longer terms trials are needed to confirm this finding.

Table 13:  Malignancy
	
	CAN 100
	CAN 300
	CAN combined
	PBO/AC

	Bladder Cancer

N

Number pts with AE n(%)

Rate per 1000 pt-yrs
	3139

2 (0.06)

0.44
	3506

3 (0.08)

0.63
	6645

5 (0.07)

0.53
	3640

4 (0.11)

0.84

	Breast Cancer

N

Number pts with AE n(%)

Rate per 1000 pt-yrs
	1313

5 (0.37)

2.61
	1514

7 (0.45)

3.39
	2827

12 (0.41)

3.01
	1501

6 (0.39)

3.05

	Renal Cell Cancer

N

Number pts with AE n(%)

Rate per 1000 pt-yrs
	3139
2 (0.06)

0.44
	3506
3 (0.08)

0.63
	6645
5 (0.07)

0.53
	3640
3 (0.08)

0.63


Data obtained from FDA Advisory Committee briefing documents
Abbreviations: AE=adverse events; CAN=canagliflozin; PBO/AC=placebo/active comparator
Thromboembolic Events

The FDA requested that in all SGLT2 clinical development programs, venous thromboembolic (VTE) events be adjudicated and analyzed.  The incidence of VTE events was 14/6177 (0.2%) in the combined canagliflozin groups and 6/3262 (0.2%) in the placebo/active comparator groups.  The event rate per 1000 patient-years was 1.74 and 1.49 respectively with 95% confidence interval of [-1.37, 1.86].  It was concluded that canagliflozin was not associated with an increased risk for VTE events.  
Hypersensitivity and Photosensitivity 
Hypersensitivity reactions from the overall pooled data were reported in 3.8%, 4.2%, and 3.0% of patients receiving canagliflozin 100mg, 300mg, and placebo/comparator respectively.  Reactions included erythema, rash, pruritus urticaria, and angioedema.  In the canagliflozin groups, 5 reactions were considered serious which included 4 patients with urticaria and 1 patient with diffuse rash and urticaria occurring within hours of exposure to canagliflozin.  Among those with serious reactions, 2 discontinued canagliflozin.  One patient with urticaria restarted canagliflozin and had a recurrence.  
Photosensitivity-related adverse reactions were reported in 0.2%, 0.2%, and 0.1% of patients receiving canagliflozin 100mg, 300mg, and placebo/active comparator respectively.  Reactions included photosensitivity reaction, polymorphic light eruption, and sunburn.  
Look-alike / Sound-alike (LASA) Error Risk Potential

As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:  
Table 14:  Results of LASA Search

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Canagliflozin
Invokana
	None
None
	None
None
	None
None
	Cefazolin

Canakinumab

Caspofungin

Invega


Contraindications

· History of a serious hypersensitivity reaction to canagliflozin
· Severe renal impairment (eGFR < 30/min/1.73m2), end stage renal disease, or patients on dialysis

Warnings and Precautions

Hypotension:  Canagliflozin causes intravascular volume contraction.  Symptomatic hypotension may occur after initiation of canagliflozin particularly in patients with eGFR <60mL/min/1.73m2, elderly patients, those taking diuretics or medications that interfere with the renin-angiotensin-aldosterone system (e.g., ACEI, ARBs) or patients with low systolic blood pressure.  Volume status should be assessed and corrected before initiating canagliflozin in patients with these characteristics.  Monitor for signs and symptoms after initiating therapy.

Impairment in renal function:  Canagliflozin increases serum creatinine and decreases eGFR.  Patients with hypovolemia may be more susceptible to these changes.  More frequent monitoring is recommended in patients with eGFR <60mL/min/1.73m2.  

Hyperkalemia:  Hyperkalemia may occur with canagliflozin.  Patients with moderate renal impairment who are taking medications that interfere with potassium excretion (e.g., potassium-sparing diuretics, ACEI, ARBs) are more likely to develop hyperkalemia.  Monitor serum potassium periodically in patients with impaired renal function and in patients predisposed to hyperkalemia due to medications or other medical conditions.
Hypoglycemia with concomitant use with insulin or insulin secretagogues: The risk of hypoglycemia can be increased when canagliflozin is combined with insulin or insulin secretagogues (e.g., sulfonylureas).  A lower dose of insulin or insulin secretagogue may be needed to minimize the risk.

Genital mycotic infections:  Canagliflozin increases the risk of genital mycotic infections.  Patients with a history of genital mycotic infections and uncircumcised males were more likely to develop genital mycotic infections.
Hypersensitivity reactions:  Hypersensitivity reactions (e.g., generalized urticarial), some serious, were reported with canagliflozin.  These reactions generally occurred within hours to days after initiating treatment.  If hypersensitivity reactions occur, discontinue canagliflozin and treat per standard of care.  If the reaction was severe, canagliflozin should not be restarted (see contraindications).
Increase in low-density lipoprotein (LDL-C):  Dose-related increases in LDL-C occur with canagliflozin.  Monitor LDL-C and treat per standard of care.
Drug Interactions

Co-administration of the UDP-Glucuronosyl Transerferase (UGT) inducer rifampin decreased peak area under the curve (AUC) of canagliflozin by 51%.  If additional glycemic control is needed, consider increasing the dose of canagliflozin from 100mg to 300mg once daily if a UGT inhibitor (e.g., rifampin, phenytoin, phenobarbital, ritonavir) must be co-administered AND if eGFR is greater than 60mL/min/1.73m2; for patients with eGFR 45 to <60mL/min/1.73m2, consider other antihyperglycemic therapy.
The AUC and mean peak concentration of digoxin was increased by 20% and 35% respectively when co-administered with canagliflozin 300mg; patients should be monitored appropriately.  
Based on in vitro studies, canagliflozin does not induce the CYP450 enzymes (3A4, 2C9, 2C19, 2B6, and 1A2).  Canagliflozin did not inhibit 1A2, 2A6, 2C19, or 2E1 isoenzymes and weakly inhibited 2B6, 2C8, 2C9, and 3A4.  Canagliflozin is a weak inhibitor and substrate of P-glycoprotein and a substrate of MRP2.

Pregnancy and Nursing

Pregnancy Category C:  In rat studies, canagliflozin may effect renal development and maturation.  The timing of these effects corresponds to 2nd and 3rd trimester of human development; therefore consider alternate therapy during pregnancy especially during the 2nd and 3rd trimester.
Canagliflozin is secreted in milk of lactating rats.  It is not known if canagliflozin is excreted in human milk.  Data in juvenile rats showed risk to the developing kidney during maturation.  In humans, kidney maturation occurs in utero and in the first 2 years of life.  Because of the potential for serious adverse reactions to the nursing infant, a decision should be made to discontinue canagliflozin or nursing taking into account the importance of the drug to the mother.
Cost

Refer to VA pricing sources for updated information.

Conclusions

Canagliflozin is the first SGLT2 inhibitor available commercially.  Average change in A1C is ≤ 1.0%.  Based on the clinical trial data, increasing the dose of canagliflozin from 100mg to 300mg does not appear to offer additional meaningful efficacy; however, the risk of adverse events may be increased.  The efficacy of canagliflozin compared to other oral third line agents such as pioglitazone and the DPP-4 inhibitors are similar based on comparative and non-comparative data.
Adverse reactions most likely attributed to canagliflozins’ mechanism of action include increased incidence of genital mycotic infections, UTIs, osmotic diuresis and reduced intravascular volume related events.
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Appendix 1:  Phase 3 Clinical Trials
	Study
	Inclusion/exclusion
	Dosage
	Demographics/Baseline 
	Results

	Stenlof et al. 
Study 3005
R, DB, PC

N=587

26/26weeks

Monotherapy
mITT analysis


	Inclusions

T2DM inadequately controlled on diet and exercise or on a AHA
Age 18-80

A1C 7-10% (tx naïve)

A1C 6.5-9.5% (on an AHA)

Exclusions
Repeated FPG >270mg/dl during pretreatment phase; T1DM; hereditary glucose-galactose malabsorption; primary renal glucosuria; CV disease (MI, unstable angina, revascularization procedure or CVA); treatment with a TZD, insulin; eGFR <50ml/min/1.73m2 at screening
	2-week placebo run-in period (If taking an AHA, patient first underwent an 8-week washout)

Randomization stratified according to whether on a baseline AHA
CAN100 (n=195)
CAN300 (n=197)
PBO (n=192)
Rescue with metformin per protocol
	Age (yrs): 55
Males (%): 44

eGFR (mL/min/1.73m2): 87

Taking other AHA (%): 48

A1C (%): 8.06; 8.01; 7.97

FPG (mg/dL): 172; 173; 166

2-h PPG (mg/dL): 250; 254; 229

Weight (kg): 85.9; 86.9; 87.5

BMI (kg/m2): 31.3; 31.7; 31.8
Duration of DM (yrs): 4.5; 4.3; 4.2
	CAN100

CAN300

PBO

Completed (%)

88.3
88.8
83.5
d/c due to AE (n%)

5 (2.6)
(1.5)
2 (1)
Required rescue tx (%)

2.6
2.0
22.7
A1C (%)
Tx diff [95%CI]
-0.77*
-0.91 [-1.1, -0.7]
-1.03*
-1.16 [-1.3, -1.0]
0.14

A1C by baseline

<8.0%

≥8.0 to <9.0%

≥9.0%
-0.42

-1.07

-1.29
-0.65

-1.3

-1.83
0.24

0.13

-0.18

A1c < 7% (%)

44.5*
62.4*
20.6
FPG (mg/dL)
Tx diff [95%CI]
-27*
-36 [-42, -29]
-35*
-43 [-50, -37]
8
2-h PPG (mg/dL)
Tx diff [95%CI]
-43*
-48 [-59.1, -37]
-59*
-64 [-75, -52.9]
5

Weight (%)§
Tx diff [95%CI]
-2.8*
-2.2 [-2.9, -1.6]
-3.9*
-3.8 [-4.0, -2.6]
-0.6

BP (mmHg)
Diff v. PBO
-3.7 (SBP)*
-1.6 (DBP)
-5.4 (SBP)*
-2.0 (DBP)
N/A
*Significant vs. placebo
§Avg. weight loss was -1.9kg and -2.9kg relative to PBO for 100mg and 300mg respectively


Appendix 1: Phase 3 Clinical Trials (cont.)
	Study 3006

R, DB, PC and AC

N=1284

26/26 weeks

Combo with MET
	T2DM inadequately controlled on metformin monotherapy ≥ 2000mg/day (or ≥1500mg if higher dose not tolerated)
	2-week placebo run-in period  (patients not taking the required metformin dose or taking another AHA with metformin were switched to metformin monotherapy at required doses for 8-weeks before entering run-in)

CAN 100 + MET (n=368)
CAN 300 + MET (n=367)
SIT100 + MET (n=366)

PBO + MET (n=183)
Rescue with glimepiride
	Age (yrs): 55

Males (%): 47

eGFR (mL/min/1.73m2): 89

Taking other AHA or on MET at a dose less than required (%): 21.4
A1C (%): 7.94; 7.95; 7.96
FPG (mg/dL): 169; 173; 164
2-h PPG (mg/dL):  258; 262; 249
Weight (kg):  88.7; 85.4; 86.7
BMI (kg/m2): 31.8
Duration of DM (yrs): 6.9

Values for SIT+MET are were not provided
	CAN100+MET

CAN300+MET

PBO+MET

Completed (%)

86

88

71

d/c due to AE (%)

5

2

4

Required rescue (%)

2

<1

15

A1C (%)
Tx diff [95%CI]
-0.79*
-0.62 [-0.8, -0.5]
-0.94*
-0.77[-0.9, -0.6]
-0.17

Pts achieving A1c < 7% (%)

46*

58*

30

FPG (mg/dL)
Tx diff [95%CI] 
-27*
-30[-36, -24]
-38*
-40[-46, -34]
2

2-h PPG (mg/dL)
Tx diff [95%CI]
-48*
-38[-49, -27]
-57*
-47[-58, -36]
-10

Weight (%)
Tx diff [95%CI]
-3.7*
-2.5 [-3.1, -1.9]
-4.2*
-2.9 [-3.5, -2.3]
-1.2

SBP (mmHg)

Diff v. PBO
-5.4*
-6.6*
N/A
Results not provided for SIT+MET arm
*Significant vs. PBO+MET

	Extension for study 3006

R, DB, AC

Total duration: 52weeks


	See parent study (above)
	CAN 100 + MET (n=316)

CAN 300 + MET (n=321)

SIT100 + MET (n=313)

PBO + MET→SIT + MET (n=153)
	See parent study (above)
	CAN100 +

MET

CAN300 + MET

SIT+MET

PBO+MET→SIT+MET

Completed (%)

94.3

93.1

91.1

90.2

d/c due to AE (n/N/%)

1/316 (0.3)
5/321 (1.6)
9/313 (2.9)
1/153 (0.7)
A1C (%)

-0.73

-0.88*

-0.73

NR
FPG (mg/dL)

-26.2*

-35.2*

-17.7

NR
Weight (%)

-3.8*

-4.2*

-1.3
NR
SBP (mmHg)

-3.5

-4.7

-0.7

NR
*Significant vs. SIT+MET
NR: efficacy results not reported for this arm


Appendix 1: Phase 3 Clinical Trials (cont.)
	Study 3009

R, DB, AC

N=1452

52/52 weeks

Combo with MET vs. GLIM
	T2DM inadequately controlled on metformin monotherapy ≥ 2000mg/day (or ≥1500mg if higher dose not tolerated)
	2-week placebo run-in period  (patients not taking the required metformin dose or taking another AHA with metformin were switched to metformin monotherapy at required doses for 10-weeks before entering run-in)

CAN100 + MET (n=483)
CAN300+ MET (n=485)
GLIM + MET (n=482)
Dose of GLIM may be titrated throughout study to 6 or 8mg (mean dose 5.6mg/day)
Rescue with pioglitazone
	Age (yrs): 56.2 
Males (%): 52.1
eGFR (mL/min/1.73m2): 90

Taking other AHA or on MET at a dose less than required (%): 36
A1C (%): 7.78; 7.79; 7.83

FPG (mg/dL): 165; 164; 166
Weight (kg):  86.8; 86.6; 86.6
BMI (kg/m2): 31.0
Duration of DM (yrs): 6.6


	CAN100+MET

CAN300+MET

GLIM+MET

Completed (%)

76

74

70

d/c due to AE (%)

5

7

5

Required rescue tx (%)

7

5

11

A1C (%)
Tx diff [95%CI]
-0.82ⱡ
-0.01[-0.1, 0.1]
-0.93ⱡ
-0.12[-0.2, -0.02]
-0.81

Pts achieving A1c < 7% (%)

54

60

56

FPG (mg/dL)
Tx diff [95%CI]
-24
-6 [-10, -2]
-28
-9 [-13, -5]
-18

Weight (%)
Tx diff [95%CI]
-4.2*
-5.2 [-5.7, -4.7]
-4.7*
-5.7 [-6.2, -5.1]
1.0

ⱡCAN+MET non-inferior to GLIM+MET

*Significant vs. GLIM+MET

	Extension for study 3009

N=1151
Total duration:

104 weeks
	See parent study (above)
	CAN100 + MET 

CAN300+ MET 

GLIM + MET 


	See parent study (above)
	CAN100+MET

CAN300+MET

GLIM+MET

d/c over 104 week period (%)

29
33.4
34.9
d/c due to AE (%)

A1C (%)

-0.65

-0.74*
-0.55

Pts achieving A1c < 7% (%)

42.5

50.2

43.9

FPG (mg/dL)

-19.3

-22.5

-10.6

Weight (%)

-4.1*
-4.2*
0.9

SBP (mmHg)

-2.0*
-3.1*
1.7

*Significant vs. GLIM+MET

	Substudy 3008

R

N=127

18 weeks

Combo with SU
	T2DM inadequately controlled on SU monotherapy ≥ 50% maximal dose
	2-week placebo run-in period  

CAN100+SU (n=42)
CAN300+SU (n=40)

PBO+SU (n=45)

No standard rescue therapy specified; rescue selected as clinically appropriate
	Age (yrs): 65

Males (%): 57

eGFR (mL/min/1.73m2): 69

A1C (%): 8.29; 8.28; 8.49

FPG (mg/dL): 180

Weight (kg):  83
BMI (kg/m2): 29.9
Duration of DM (yrs): 10.2


	CAN100+SU

CAN300+SU

PBO+SU

Completed (%)

88

95

76

d/c due to AE (%)

0

3

0

Required rescue tx (%)

5

0

18

A1C (%)
Tx diff [95%CI]
-0.7*
-0.74[-1.15, -0.3]
-0.79*
-0.83[-1.24, -0.4]
0.04

Pts achieving A1c < 7% (%)

FPG (mg/dL)

Weight (%)
Tx diff [95%CI]
-0.4 [-1.8, 1.0]
-1.8 [-3.2, -0.4]
N/A
SBP 
Tx diff [95%CI]
-0.1[--6.5, 6.2]
-1.8[-8.2, 4.7]
N/A
*Significant vs. PBO+SU


Appendix 1: Phase 3 Clinical Trials (cont.)
	Substudy 3008

R, DB, PC

N=1718

18 weeks

Combo with insulin±AHA
	T2DM inadequately controlled on insulin ≥ 30 units/day ± other AHA
	2-week placebo run-in period  

CAN100+INS (n=566)

CAN300+INS (n=587)

PBO+INS (n=565)

No standard rescue therapy specified; rescue selected as clinically appropriate
	Age (yrs): 63

Males (%): 66

eGFR (mL/min/1.73m2): 75
Background basal/bolus insulin regimen(%): 70

Insulin dose (units/day): 83
A1C (%): 8.33; 8.27; 8.2
FPG (mg/dL): 170; 168; 169
Weight (kg):  96.9; 96.7; 97.7
BMI (kg/m2): 33.8
Duration of DM (yrs): 16.6


	CAN100±AHA+INS

CAN300±AHA+INS

PBO±AHA+INS

Completed (%)

89

89

82

d/c due to AE (%)

3

4

2

Required rescue tx (%)

4

3

9

A1C (%)
Tx diff [95%CI]
-0.63*
-0.65 [-0.73, -0.56]
-0.72*
-0.73 [-0.82, -0.65]
0.01

Pts achieving A1c < 7% (%)

20*

25*

8

FPG (mg/dL)
Tx diff [95%CI]
-19*
-23 [-29, -16]
-25*
-29 [-35, -23]
4

Weight (%)
Tx diff [95%CI]
-1.8*
-1.9 [-2.2, -1.5]
-2.3*
-2.4 [-2.8, -2.0]
0.1

SBP (mmHg)

Diff vs. PBO
-2.6 [-4.1, -1.1]
-4.4[-5.9, -2.9]
N/A
DBP (mmHg)

Diff vs. PBO

-2.0

-1.8

N/A

*Significant vs. PBO+INS

	Study 3012

N=344

26/26 weeks

Combo with MET+PIO
	T2DM inadequately controlled on metformin monotherapy ≥ 2000mg/day (or ≥1500mg if higher dose not tolerated) AND PIO 30 or 45mg daily
	2-week placebo run-in period  

(those not on protocol specified dose of metformin and PIO entered an 8-week period before entering run-in)

CAN100+MET+PIO (n=113)

CAN 300 +MET+PIO (n=114)

PBO+MET+PIO (n=115)
Rescue with glimepiride
	Age (yrs): 57.4
Males (%): 63.2
eGFR (mL/min/1.73m2): 86.4
Not initially on a protocol specified dose of metformin and PIO (%): 53
A1C (%): 7.99; 7.84; 8.0

FPG (mg/dL): 169; 164; 164

Weight (kg):  94.2; 94.4; 94.0

BMI (kg/m2): 32.6
Duration of DM (yrs): 10.6


	CAN100+MET
+PIO

CAN300+MET
+PIO

PBO+MET+PIO

Completed (%)

90

89

69

d/c due to AE (%)

8

11

21

Required rescue tx (%)

1

0

12

A1C (%)
Tx diff [95%CI]
-0.89*
-0.62[-0.8, -0.4]
-1.03*
-0.76[-0.95, -0.5]
-0.26

Pts achieving A1c < 7% (%)

47*

64*

33

FPG (mg/dL)
Tx diff [95%CI]
-27*
-29 [-37, -22]
-33*
-36 [-43, -28]
3

Weight (%)
Tx diff [95%CI]
-2.8*
-2.7 [-3.6, -1.8]
-3.8*
-3.7 [-4.6, -2.8]
-0.1

SBP (mmHg)

Diff v. PBO
-4.1[-6.9, -1.3]
-3.5[-6.3, -0.6]
N/A
*Significant vs. PBO+MET+PIO


Appendix 1: Phase 3 Clinical Trials (cont.)
	Study 3002

N=469

26/26 weeks

Combo with MET+SU
	T2DM inadequately controlled on metformin monotherapy ≥ 2000mg/day (or ≥1500mg if higher dose not tolerated) AND SU (at maximal or near maximal dose)
	2-week placebo run-in period  

(those not on protocol specified dose of metformin and SU entered an 8-week period before entering run-in)
CAN100+MET+SU (n=157)
CAN 300 +MET+SU (n=156)
PBO+MET+SU (n=156)
	Age (yrs): 57

Males (%): 51

eGFR (mL/min/1.73m2): 89

Not initially on a protocol specified dose of metformin and SU (%): 21
A1C (%): 8.13; 8.13; 8.12

FPG (mg/dL): 173; 168; 170

Weight (kg):  93.5; 93.5; 90.8

BMI (kg/m2): 33.0
Duration of DM (yrs): 9.6


	CAN100+MET+SU

CAN300+MET+SU

PBO+MET+SU

Completed (%)

81

81

69

d/c due to AE (%)

5

5

4

Required rescue tx (%)

1

2

13

A1C (%)
Tx diff [95%CI]
-0.85*
-0.71[-0.9, -0.52]
-1.06*
-0.92[-1.1, -0.73]
-0.13

Pts achieving A1c < 7% (%)

43*

57*

18

FPG (mg/dL)
Tx diff [95%CI]
-18*
-22 [-31, -13]
-31*
-35 [-44, -25]
4

Weight (%)
Tx diff [95%CI]
-2.1*
-1.4 [-2.1, -0.7]
-2.6*
-2.0 [-2.7, -1.3]
-0.7

SBP 

Tx diff [95%CI]
-2.2[-4.7, 0.2]
-1.6[-4.1, 0.9]
N/A
*Significant vs. PBO+MET+SU

	Schernthaner

Study 3015

R, DB, AC

N=756

52 weeks

Combo with MET+SU  vs. SIT+MET+SU
mITT analysis
	Inclusions

T2DM inadequately controlled on metformin monotherapy ≥ 2000mg/day (or ≥1500mg if higher dose not tolerated) AND SU (at maximal or near maximal dose)

Age ≥18
A1C 7-10% (tx naïve)

A1C 6.5-9.5% (on an AHA)

Exclusions
Repeated FPG >270mg/dl during pretreatment phase; T1DM; CV disease; uncontrolled HTN; treatment with a TZD, insulin, or other AHA other than MET and SU; eGFR <55ml/min/1.73m2; SCr ≥ 1.5mg/dl (men) and ≥1.4mg/dl (women)
	2-week placebo run-in period  

(those not on protocol specified dose of metformin and SU entered an 8-week period before entering run-in)

CAN 300 +MET+SU (n=377)
SIT 100+MET+SU (n=378)
Randomization stratified according to A1C ≥ 9%

No rescue protocol-pts were d/c’d from study prespecified glycemic criteria were met
	Age (yrs): 57

Males (%): 56
eGFR (mL/min/1.73m2): 88
Not initially on a protocol specified dose of metformin and SU (%): 5.1
A1C (%): 8.1; 8.1
FPG (mg/dL): 169.4; 165.8
Weight (kg):  87.4; 89.1
BMI (kg/m2): 31.5; 31.7

Duration of T2DM (yrs): 9.4; 9.3
	CAN300+MET+SU

SIT100+MET+SU

Completed (%)

67
56
d/c due to AE (%)

5.6
3.7
Glycemic withdrawal (%)§
10.6
22.5
A1C (%)
Tx diff [95%CI]
-1.03*
-0.37 [-0.5, -0.25]
-0.66

Pts achieving A1c < 7% (%)

47.6
35.3
FPG (mg/dL)
Tx diff [95%CI]
-30*
-24 [-30, -18]
-6

2-h PPG (mg/dL)

-58.5
-39.9
Weight (%)
Tx diff [95%CI]
-2.5 (2.3kg)*
-2.8 [-3.3, -2.2]
0.3 (0.1kg)
SBP (mmHg)

Diff v. SIT
-5.06*
-5.9 [-7.6, -4.2]
0.85
DBP (mmHg)

Diff v. SIT
-3.0

-2.7 [-3.8, -1.7]

-0.3

*Significant vs. SIT+MET+SU
§glycemic rescue was not provided; patients were withdrawn if prespecified glycemic criteria were met


Appendix 1: Phase 3 Clinical Trials (cont.)
	Yale et al. 

Study 3004

R, DB, PC

N=269
26 weeks

Moderate renal impairment

Add-on to current DM tx

mITT analysis


	Inclusions

T2DM

≥25 years old

A1C 7.0-10.5%

Stable stage 3 CKD (eGFR 30-49 mL/min/1.73m2)
Inadequate control on current DM tx (no AHA or mono or combination tx with AHA) for ≥8 weeks (≥12 if on TZD)
Exclusions

Repeated FPG .270mg/dL during pre-tx phase; T1DM; renal disease requiring immunosuppressive tx; dialysis or transplant; nephrotic syndrome or inflammatory renal disease; NYHA Class III-IV CVD; MI, unstable angina, revascularization procedure or CVA within 3 months prior to screening; Hgb <10g/dL
	2-week placebo run-in period  

(if required, up to 4 weeks AHA dose titration period and an 8 week dose stable period)
CAN100 + other DM tx (n=90)
CAN300 + other DM tx (n=91)
PBO +other DM tx (n=91)
Rescue medications selected as clinically appropriate and may also include up-titration of current AHA

Randomization stratified by presence or absence of atherosclerotic cardiovascular disease and whether AHA adjustment period was needed prior to randomization.
	Age (yrs): 68.5±8.3
Males (%): 61
eGFR (mL/min/1.73m2): 39.7; 38.5; 40.1
Median ACR (mcg/mg): 23.7; 30.1; 31.3
A1C (%): 7.9; 8.0;8.0
FPG (mg/dL): 169.4; 158.6; 160.4
Weight (kg):  90.5; 90.2; 92.8
BMI (kg/m2): 32.4; 33.4; 33.1

Duration of DM (yr): 15.6; 17.0; 16.4

Microvascular complications (%)

Neuropathy: 44.2
Retinopathy: 32.7

Nephropathy: 72.5
AHA tx (%): 97.8 (95% on insulin and/or SU)
History of ASCVD (%): 54.6

Anti-lipemic therapy (%): 78.8

BP meds (%):
RAS drugs: 87.4

Diuretics: 73.2

Beta-blocklers: 56.1

CCBs: 41.6
	CAN100+AHA
CAN300+AHA
PBO+ AHA
Completed (%)

83.3
92.1
85.5
d/c due to AE (n%)

4 (4.4)
2 (2.2)
4 (4.4)
Required rescue tx (%)

4.4

3.3

14.3

A1C (%)
Tx diff [95%CI]
-0.33*
-0.3[-0.5, -0.1]
-0.44*
-0.4[-0.6, -0.2]
-0.03

Pts achieving A1c < 7% (%)

27.3
32.6
17.2
FPG (mg/dL)
Tx diff [95%CI]
-14.9
-15.4[-28.5, -2.3]
-11.7
-12.2[-25.4, 1.0]
0.5
Weight (%/kg)
Tx diff [95%CI]
-1.2/-1.2

-1.6% [-2.3, -0.8]
-1.5/-1.4

-1.8% [-2.6, -1.0]
0.3/0.2
SBP (mmHg)
Tx diff [95%CI]
-6.1

-5.7 [-9.5, -1.9]
-6.4

-6.1 [-10.0, -2.3]
-0.3
DBP (mmHg)

Tx diff [95%CI]

-2.6

-1.2[-3.4, 1.0]

-3.5

-2.1[-4.3, 0.2]

-1.4

*Significant vs. PBO + other DM tx

	Study 3010

R, DB, PC

N=714

26 weeks

Older pts.

Add on to current DM tx
	T2DM

Age 55-80 years

Exclusions

Treatment with a bisphosphonate, teriparatide or denosumab within 12 months

T-score <-2.5 at any site unless on stable treatment with estrogen replacement, SERM or calcitonin;

Tx with systemic glucocorticoids for >14 days within 3 months or likely to require such tx during study; Vit D level <10ng/mL; hypercalcemia; impediments to DXA; non-healed fracture or any fracture within 12 months; bone metabolic disease; rheumatoid arthritis
	Randomization stratified by lumbar spine T-score category and TZD use
CAN100 + other DM tx (n=241)
CAN300 + other DM tx (n=236)
PBO +other DM tx (n=239)
No standard rescue therapy specified; rescue selected as clinically appropriate
	Age (yrs): 63.6
Males (%): 55
eGFR (mL/min/1.73m2): 77.5
A1C (%): 7.7
FPG (mg/dL): 156.6
Weight (kg):  89.5
BMI (kg/m2): 31.6
Duration of DM (yrs): 11.7


	CAN100+AHA
CAN300+AHA
PBO+ AHA
Completed (%)

92

88

72

d/c due to AE (%)

1.7

4.2

3.4

Required rescue tx (%)

2.1

0.4

10.9

A1C (%)

-0.6*

-0.73*

-0.03

Pts achieving A1c < 7% (%)

FPG (mg/dL)

Weight (%)
Tx diff [95%CI]
-2.3 [-2.8, -1.7]
-3.0 [-3.5, -2.4]
N/A
SBP (mmHg)

Tx diff [95%CI]
-4.6[-6.8, -2.4]
-7.9 [-10.1, -5.6]
N/A
DBP (mmHg)

Tx diff [95%CI]
-1.6

-3.2

N/A

*Significant vs. PBO+ other DM tx


Appendix 2:  Selected Safety Information (individual data not available for all trials)
	Study
	Duration
	Treatment arms
	≥ 1 AE (%)
	≥ 1 Tx
related AE
	d/c due to AE 
	≥ 1SAE
	≥ 1 treatment related SAE 
	Deaths (n)
	Overall hypoglycemia 
	Severe 

Hypoglycemia 
	UTI
	Genital fungal (females) 
	Genital fungal (males)

	Stenlof 

3005
	26 weeks
	CAN100

CAN300

PBO
	61
59.9
52.6
	17.4
25.4

9.4
	3.1
2.0

1.0
	4.1
1.0

2.1
	
	1
0

1
	3.6
3.0

2.6
	0
0

0
	7.2
5.1

4.2
	8.8
7.4

3.8
	2.5
5.6

0

	3006
	26 weeks
	CAN 100 + MET 

CAN 300 + MET

PBO + MET
	
	
	
	
	
	
	4.3
4.6

1.6
	0.3
0.3

0
	
	
	

	3009
	52 weeks
	CAN100 + MET

CAN300+ MET

GLIM + MET
	64.2
68.5

67.6
	
	
	
	
	
	5.6
4.9

34.2
	0.4
0.6

3.1
	6.4 (100 and 300)
4.4
	14.3
23.8

3.7
	6.7
8.3

1.1

	3008 
SU substudy
	18 weeks
	CAN100+SU 

CAN300+SU 

PBO+SU
	
	
	
	
	
	
	4.1
12.5

5.8
	0
0

0
	
	
	

	3002
	26 weeks
	CAN100+MET+SU

CAN 300 +MET+SU

PBO+MET+SU
	59.7 (100 and 300)
63.5
	
	5.8 (100 and 300)

3.2
	3.5 (100 and 300)

5.8
	
	
	27.4

30.1

15.4
	0.6
0.6

0
	
	18.7 (100 and 300)

3.8
	4.9 (100 and 300)

1.3

	Schernthaner

3015
	52 weeks
	CAN 300 +MET+SU

SIT 100+MET+SU
	76.7
77.5
	34
27.8
	5.3
2.9
	6.4
5.6
	
	2
0
	43.2
40.7
	4.0
3.4
	4.0
5.6
	15.3
4.3
	9.2
0.5

	3008

Insulin substudy
	18 weeks
	CAN100+INS 

CAN300+INS 

PBO+INS 
	
	
	1.9
1.9

5.3
	
	
	
	49.3
48.2

36.8
	1.8
2.7

2.5
	
	
	

	3012
	26 weeks
	CAN100+MET+PIO

CAN300+MET+PIO

PBO+MET+PIO
	
	
	
	
	
	
	2.7
5.3

2.6
	
	
	
	

	Yale 
3004
	26 weeks
	CAN100+AHA
CAN300+AHA
PBO+AHA
	78.9
74.2

74.4
	25.6
32.6

22.2
	4.4
2.2

5.6
	11.1
11.2

17.8
	
	1
0

1
	52.9
51.2

36.4
	4.7
1.2

1.1
	5.6
7.9

5.6
	3.1
2.4
0.0
	1.7
2.1

0.0

	3010ⱡ
	26 weeks
	CAN100 +AHA

CAN300 + AHA

PBO + AHA
	71.8
78.0

73.4
	
	2.1
7.2

4.2
	4.1
3.4

5.1
	
	
	43.1/6.7
47.4 /4.8
37.7/3.2
	1.7
0

0
	
	
	

	Gonzalez

Extension 3006
	52 weeks
	CAN 100 + MET 

CAN 300 + MET

SIT + MET
PBO+MET→SIT+MET
	72.3
62.7

64.5

66.7
	26.4
19.9

19.7

12.6
	5.2
3.3

4.4

4.4
	4.1
3.3

4.9

3.8
	
	0
1

1

1
	6.8
6.8

4.1

2.7
	0.3
0

0.3

0
	7.9
4.9

6.3

6.6
	11.3
9.9

2.6

1.1
	5.2
2.4

1.2

1.1

	Cefalu

Extension 3009
	104 weeks
	CAN100 + MET

CAN300+ MET

GLIM + MET
	73.9

77.9

78.4
	28.6

32.8

27.8
	6.2

9.5

7.3
	9.7

9.7

14.3
	
	3

3

2
	6.8

8.2

40.9
	
	10.6
8.7

6.8
	13.9
15.6

2.7
	9.5
9.1

1.9


Values shown as percent unless otherwise indicated
ⱡValues for overall hypoglycemia shown for those on concurrent insulin or secretagogue/ those on other concurrent agents
Updated version may be found at www.pbm.va.gov  or http://vaww.pbm.va.gov  
May 2013 (updated July 2013 with data from extension trials)

