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Disclaimer

Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA 205879 are owned by Janssen Pharmaceuticals or are data for which Janssen 
Pharmaceuticals has obtained a written right of reference.
Any information or data necessary for approval of NDA 205879 that Janssen Pharmaceuticals 
does not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as 
described in the drug’s approved labeling.  Any data or information described or referenced 
below from a previously approved application that Janssen does not own (or from FDA reviews 
or summaries of a previously approved application) is for descriptive purposes only and is not 
relied upon for approval of NDA 205879.
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1 Executive Summary

1.1 Recommendations

1.1.1 Approvability: Nonclinical data supports the approval of NDA 205879  

1.1.2 Additional Nonclinical Recommendations: No new nonclinical studies are 
recommended.

1.1.3 Labeling Recommendations  

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
Based on animal data showing adverse renal effects, INVOKAMET is not recommended during 
the second and third trimesters of pregnancy. Limited data with INVOKAMET or canagliflozin in 
pregnant women are not sufficient to determine a drug-associated risk for major birth defects 
or miscarriage. Published studies with metformin use during pregnancy have not reported a 
clear association with metformin and major birth defect or miscarriage risk [see Data]. There 
are risks to the mother and fetus associated with poorly controlled diabetes in pregnancy [see 
Clinical Considerations].

In animal studies, adverse renal pelvic and tubule dilatations that were not reversible were 
observed in rats when canagliflozin was administered at an exposure 0.5-times the 300 mg 
clinical dose, based on AUC during a period of renal development corresponding to the late 
second and third trimesters of human pregnancy. No adverse developmental effects were 
observed when metformin was administered to pregnant Sprague Dawley rats and rabbits 
during the period of organogenesis at doses up to 2- and 6-times, respectively, a 2000 mg 
clinical dose, based on body surface area [see Data]. 

The estimated background risk of major birth defects is 6-10% in women with pre-gestational 
diabetes with an HbA1c >7 and has been reported to be as high as 20-25% in women with a 
HbA1c >10. The estimated background risk of miscarriage for the indicated population is 
unknown. In the U.S. general population, the estimated background risk of major birth defects 
and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.

Clinical Considerations
Disease-associated maternal and/or embryo/fetal risk poorly controlled diabetes in pregnancy 
increases the maternal risk for diabetic ketoacidosis, preeclampsia, spontaneous abortions, 
preterm delivery, stillbirth and delivery complications. Poorly controlled diabetes increases the 
fetal risk for major birth defects, stillbirth, and macrosomia related morbidity.
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Data
Human Data
Published data from post-marketing studies have not reported a clear association with 
metformin and major birth defects, miscarriage, or adverse maternal or fetal outcomes when 
metformin was used during pregnancy. However, these studies cannot definitely establish the 
absence of any metformin-associated risk because of methodological limitations, including 
small sample size and inconsistent comparator groups.

Animal Data
Canagliflozin
Canagliflozin dosed directly to juvenile rats from postnatal day (PND) 21 until PND 90 at doses 
of 4, 20, 65, or 100 mg/kg increased kidney weights and dose dependently increased the 
incidence and severity of renal pelvic and tubular dilatation at all doses tested. Exposure at the 
lowest dose was greater than or equal to 0.5-times the 300 mg clinical dose, based on AUC.
These outcomes occurred with drug exposure during periods of renal development in rats that 
correspond to the late second and third trimester of human renal development. The renal 
pelvic dilatations observed in juvenile animals did not fully reverse within a 1 month recovery 
period. In embryo-fetal development studies in rats and rabbits, canagliflozin was administered 
for intervals coinciding with the first trimester period of organogenesis in humans. No 
developmental toxicities independent of maternal toxicity were observed when canagliflozin 
was administered at doses up to 100 mg/kg in pregnant rats and 160 mg/kg in pregnant rabbits 
during embryonic organogenesis or during a study in which maternal rats were dosed from 
gestation day (GD) 6 through PND 21, yielding exposures up to approximately 19-times the 300 
mg clinical dose, based on AUC.

Metformin Hydrochloride
Metformin hydrochloride did not cause adverse developmental effects when administered to 
pregnant Sprague Dawley rats and rabbits up to 600 mg/kg/day during the period of 
organogenesis. This represents an exposure of about 2- and 6-times a 2000 mg clinical dose 
based on body surface area (mg/m2) for rats and rabbits, respectively.

Canagliflozin and Metformin
No adverse developmental effects were observed when canagliflozin and metformin were 
coadministered to pregnant rats during the period of organogenesis at exposures up to 11 and 
13 times, respectively, the 300 mg and 2000 mg clinical doses of canagliflozin and metformin 
based on AUC. 

8.2 Lactation
Risk Summary
There is no information regarding the presence of INVOKAMET or canagliflozin in human milk, 
the effects on the breastfed infant, or the effects on milk production. Limited published studies 
report that metformin is present in human milk [see Data]. However, there is insufficient 
information on the effects of metformin on the breastfed infant and no available information 
on the effects of metformin on milk production. Canagliflozin is present in the milk of lactating 
rats [see Data]. Since human kidney maturation occurs in utero and during the first 2 years of 
life when lactational exposure may occur, there may be risk to the developing human kidney. 
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Because of the potential for serious adverse reactions in a breastfed infant, advise women that 
use of INVOKAMET is not recommended while breastfeeding.

Data
Human Data
Published clinical lactation studies report that metformin is present in human milk which 
resulted in infant doses approximately 0.11% to 1% of the maternal weight-adjusted dosage 
and a milk/plasma ratio ranging between 0.13 and 1. However, the studies were not designed 
to definitely establish the risk of use of metformin during lactation because of small sample size
and limited adverse event data collected in infants.

Animal Data
Radiolabeled canagliflozin administered to lactating rats on day 13 post-partum was present at 
a milk/plasma ratio of 1.40, indicating that canagliflozin and its metabolites are transferred into 
milk at a concentration comparable to that in plasma. Juvenile rats directly exposed to 
canagliflozin showed a risk to the developing kidney (renal pelvic and tubular dilatations) during 
maturation.

8.3 Females and Males of Reproductive Potential
Discuss the potential for unintended pregnancy with premenopausal women as therapy with 
metformin may result in ovulation in some anovulatory women.

8.4 Pediatric Use
Safety and effectiveness of INVOKAMET in pediatric patients under 18 years of age have not 
been established.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

No animal studies have been conducted with the combined products in INVOKAMET to 
evaluate carcinogenesis, mutagenesis, or impairment of fertility. The following data are based 
on findings in studies with canagliflozin and metformin individually.

Canagliflozin
Carcinogenesis
Carcinogenicity was evaluated in 2-year studies conducted in CD1 mice and Sprague-Dawley 
rats. Canagliflozin did not increase the incidence of tumors in mice dosed at 10, 30, or 100 
mg/kg (less than or equal to 14 times exposure from a 300 mg clinical dose).

Testicular Leydig cell tumors, considered secondary to increased luteinizing hormone (LH), 
increased significantly in male rats at all doses tested (10, 30, and 100 mg/kg). In a 12-week 
clinical study, LH did not increase in males treated with canagliflozin.
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Renal tubular adenoma and carcinoma increased significantly in male and female rats dosed at 
100 mg/kg, or approximately 12-times exposure from a 300 mg clinical dose. Also, adrenal 
pheochromocytoma increased significantly in males and numerically in females dosed at 100 
mg/kg. Carbohydrate malabsorption associated with high doses of canagliflozin was considered 
a necessary proximal event in the emergence of renal and adrenal tumors in rats. Clinical 
studies have not demonstrated carbohydrate malabsorption in humans at canagliflozin doses of 
up to 2-times the recommended clinical dose of 300 mg.

Mutagenesis
Canagliflozin was not mutagenic with or without metabolic activation in the Ames assay.  
Canagliflozin was mutagenic in the in vitro mouse lymphoma assay with but not without 
metabolic activation. Canagliflozin was not mutagenic or clastogenic in an in vivo oral 
micronucleus assay in rats and an in vivo oral Comet assay in rats.

Metformin
Carcinogenesis
Long-term carcinogenicity studies have been performed in rats (dosing duration of 104 weeks) 
and mice (dosing duration of 91 weeks) at doses up to and including 900 mg/kg/day and 1500 
mg/kg/day, respectively. These doses are both approximately 4 times the maximum 
recommended human daily dose of 2000 mg based on body surface area comparisons. No 
evidence of carcinogenicity with metformin was found in either male or female mice. Similarly, 
there was no tumorigenic potential observed with metformin in male rats. There was, however, 
an increased incidence of benign stromal uterine polyps in female rats treated with 900 
mg/kg/day.

Mutagenesis
There was no evidence of a mutagenic potential of metformin in the following in vitro tests: 
Ames test (S. typhimurium), gene mutation test (mouse lymphoma cells), or chromosomal 
aberrations test (human lymphocytes). Results in the in vivo mouse micronucleus test were also 
negative.

Impairment of Fertility
Canagliflozin had no effects on the ability of rats to mate and sire or maintain a litter up to the 
high dose of 100 mg/kg (approximately 14 times and 18 times the 300 mg clinical dose in males 
and females, respectively), although there were minor alterations in a number of reproductive 
parameters (decreased sperm velocity, increased number of abnormal sperm, slightly fewer 
corpora lutea, fewer implantation sites, and smaller litter sizes) at the highest dosage 
administered.

Fertility of male or female rats was unaffected by metformin when administered at doses as 
high as 600 mg/kg/day, which is approximately 3 times the maximum recommended human 
daily dose based on body surface area comparisons.
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1.2 Brief Discussion of Nonclinical Findings

The sponsor is seeking the approval of canagliflozin as a fixed dose combination with metformin 
XR (INVOKAMET® XR).  The extended release bilayer formulation tablets are designed to be two 
tablets taken once a day (strengths of 50/500, 50/1000, 150/500 and 150/1000 mg of 
canagliflozin/metformin XR).   The sponsor has cross-referenced the canagliflozin NDA 204042 
(INVOKANA®) and metformin NDA 21748 (GLUMETZA®) for safety and efficacy.  
Canagliflozin is a selective sodium-glucose co-transporter 2 (SGLT2) inhibitor approved by the 
FDA in March 29, 2013.  As a selective SGLT2inhibitor, the antihyperglycemic effect of 
canagliflozin comes from its ability to reduce the renal threshold for glucose reabsorption, 
leading to spillage of glucose to the urine.  This process is independent of insulin.  Although 
canagliflozin is approximately 160 fold more selective to renal SGLT2 (IC50 4.1 nM) than SGLT1 
(IC50 664 nM), at high concentrations, it is capable of inhibiting intestinal SGLT1 in rats.  

Metformin XR is a biguanide class insulin sensitizer antihyperglycemic agent approved by the 
FDA on June 3, 2005.  Metformin hydrochloride XR (JNJ-1158196) is a biguanide class drug that 
lowers both basal and postprandial glucose by decreasing hepatic glucose production and 
intestinal glucose absorption.  Metformin also improves insulin sensitivity by increasing 
peripheral glucose uptake and utilization. There is extensive clinical experience with use of 
metformin in type 2 diabetic adults and pediatric population.   Although both metformin IR and 
XR are available for adults, only metformin IR is available to children in US.   

The INVOKAMET® XR tablets contain several inactive ingredients.  However, all the excipients 
and  materials have been well characterized, listed in the inactive 
ingredients data list.  They are widely used in drug formulations approved by the FDA and 
considered safe.  The safety of both canagliflozin and metformin has been reviewed under the 
referenced application.  The potential interaction between the canagliflozin and metformin 
have been addressed with a 3-Month rat combination toxicology and a rat embryofetal 
development (EFD) study submitted to NDA 204042 (canagliflozin) and reviewed for NDA 
204353 (canagliflozin + metformin IR combination).   The addition of 300 mg/kg metformin to 
canagliflozin (Cana/Met doses: 4/300, 20/300 and 100/300 mg/kg/day), had no impact on the 
toxicological profile of canagliflozin in rats.  Metformin had no impact on canagliflozin 
exposure; however, canagliflozin increased metformin AUC exposure by as much as 1.8 fold in 
rats.  Since metformin is primarily excreted by renal filtration, the increase in metformin AUC is 
likely due to canagliflozin’s effect on renal hemodynamics in rats. In the EFD study, the addition 
of metformin did not alter the canagliflozin associated decrease in maternal body weight and 
fetal skeletal variations such as reduced or incomplete ossification.  The transient variations in 
fetal skeletal ossification were also seen with metformin alone but at lower incidence and 
unlikely to be clinically meaningful.  
In summary, the finding of safety for both canagliflozin and metformin are applicable to the 
extended release formulation.  The inactive ingredients in the extended release formulation do 
not change the applicability of the toxicology studies conducted for each component and 
combination (canagliflozin + metformin).  The nonclinical studies in the referenced NDAs 
support the safety and approval of the canagliflozin–metformin XR FDC tablets. 
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2 Drug Information

2.1 Drug:  INVOKAMET®

2.1.2 Generic Name: Canagliflozin+metformin XR

2.1.3 Code Name for canaglifllozin: JNJ-28431754 hemihydrate

Code Name for metformin:  JNJ-1158196-AAC (metformin hydrochloride)
Janssen is purchasing metformin from   A letter of 
authorization was provided by  to reference DMF 

2.1.4 Chemical Name

canagliflozin: (1S)-1,5-anhydro-1-C-[3-[[5-(4-fluorophenyl)-thienyl]methyl] 
-4-methylphenyl]-D-Glucitol

metformin: 1,1-Dimethylbiguanide hydrochloride, N,N-dimethyl-monochloride, 
imidodicarbonimidic diamide

2.1.5 Molecular Formula/Molecular Weight 

Canagliflozin hemihydrate: C24H25FO5S. H2O,    MW 454.5
Metformin hydrochloride: C4H11N5. HCl,   MW 165.6

2.1.6 Structure of canagliflozin (JNJ-28431754-ZAE):

Structure of metformin (JNJ-1158196-AAC):

2.1.7 Pharmacologic class: 
Canagliflozin: Sodium glucose co-transporter 2 (SGLT2) inhibitor 
Metformin: Biguanide antihyperglycemic 
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2.3.3 Comments on Impurities/Degradants of Concern in canagliflozin 

Canagliflozin Impurities
The total impurities in canagliflozin (JNJ-28431754) are no more than % with unspecific 
impurities less than %.  Inorganic impurities such as

Metformin Impurities
The total impurities in metformin are no more than %.  Individual impurities are less than 
the specification %), requiring no characterization.  Inorganic impurities such as  

  

2.4 Proposed Clinical Population and Dosing Regimen for canagliflozin +metformin

Type II diabetic patients, Canagliflozin-Metformin XR fixed dose combinations: 
50/500, 50/1000, 150/500 and 150/1000 mg QD

2.5 Regulatory Background

The sponsor is seeking regulatory approval of NDA 205879, a once a orally administered fixed 
dose combination of canagliflozin/metformin XR.   Pre-NDA meeting with the sponsor was held 
on June 25, 2014.  The sponsor has cross-referenced the nonclinical data provide for the 
approval of canagliflozin under NDA 204042 (INVOKANA approved on March 29, 2013) and 
metformin HCl data under NDA 21748 (GLUMETZA approved on 3 June 2005).   Canagliflozin 
FDC with metformin hydrochloride immediate release (IR) was approved on Aug 8, 2014 (NDA 
205879.  No new nonclinical studies were required nor submitted.  

3.1 Studies Reviewed: None
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3.3 Previous Reviews Referenced

The sponsor has cross-referenced the canagliflozin NDA 204042 (INVOKANA®) and metformin 
NDA 21748 (GLUMETZA®) for safety and efficacy.  Acute and subchronic toxicology studies with 
canagliflozin alone and in combination with metformin (Study # TOX9521, Study # TOX959) 
have been reviewed attached to both NDA 204042 and NDA 204353.   In the 3-month 
combination toxicology study in rats (Cana/Met doses: 4/300, 20/300 and 100/300 mg/kg/day), 
the addition of 300 mg/kg metformin had no impact on the toxicological profile of canagliflozin.  
In the EFD study, administration of canagliflozin with or without metformin was associated with 
dose-dependent decreases in maternal body weight and fetal skeletal variations such as 
reduced or incomplete ossification.  The transient variations in fetal skeletal ossification were 
also seen with metformin alone but at lower incidence.  Since these changes are transient, they 
are unlikely to be clinically meaningful. The XR formulation does not appreciably change daily 
exposure to either canagliflozin or to metformin; therefore, the prior toxicology studies with 
the combination are applicable to the current product. The nonclinical combination dose 
studies support the safety and approval of canagliflozin-metformin XR tablets.   
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