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Objectifs
• Savoir ajuster les hypoglycémiants

• Savoir choisir le bon hypoglycémiant en fonction du 
taux de filtration glomérulaire

• Vous familiariser avec les nouveaux hypoglycémiants

Nephro
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Question

Quel type d’appareil utilisez-vous?
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Question

Quel hypoglycémiant est sécuritaire et 
efficace en insuffisance rénale terminale?
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Plan de la présentation

• Courte revue du diabète mellitus

• Revue des classes d’hypoglycémiants 
oraux (HGO)

๏ Détails pertinents concernant la fonction 
rénale

• Revue détaillée des nouveaux HGO

๏ Détails sur la fonction rénale
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Conflit d’intérêt

Canagliflozin Invokana

Sitagliptin Januvia
Janumet

Gliclazide 
Diamicron, 

Diamicron MR

Thursday, September 10, 15



Le diabète mellitus
• Type 1 ou insulinodépendant ou juvénile

๏ LADA chez l’adulte

• Type II ou insulinorésistant ou adulte

• Gestationnel

• Pancréatoprive (FK, hémochromatose)

• Relié aux corticostéroïdes

• Relié à une endocrinopathie (acromégalie, Cushing)

• Monogénique
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Le diabète mellitus
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Le diabète mellitus

À jeûn
mmol/L

2h pc
mmol/L

HbA1c
%

Diabète mellitus ≥7,0 ≥ 11,1 ≥ 6,5%

Intolérance au glucose < 7,0 ≥ 7,8 6,0 - 6,4%

Hyperglycémie à jeûn < 7,0
≥ 6,1

< 7,8 6,0 - 6,4%
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Le diabète mellitus

À jeûn
mmol/L

2h pc
mmol/L

HbA1c
%

Diabète mellitus ≥7,0 ≥ 11,1 ≥ 6,5%

Intolérance au glucose < 7,0 ≥ 7,8 6,0 - 6,4%

Hyperglycémie à jeûn < 7,0
≥ 6,1

< 7,8 6,0 - 6,4%⎬Pré-diabète
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Le diabète mellitus
Conséquences

• Cardiovasculaires

๏ ↑ 2-4 X mortalité CV et AVC1

๏ 80% des mortalités sont CV2

• Néphropathie diabétique

๏ 1ère cause d’IRCT3

• Rétinopathie diabétique

๏ 1ère cause de cécité chez la population active4

• Neuropathie diabétique

๏ 1ère cause d’amputation non-traumatique des MI5
1Kannel et al. Am J Heart. 1990.
2Gray & Yudkin. Textbook of Diabetes. 1997.
3Fong et al. Diabetes Care. 2003.
4Molitch et al. Diabetes Care. 2003.
5Mayfield et al. Diabetes Care. 2003.
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Le diabète mellitus
Conséquences

• Cardiovasculaires

๏ ↑ 2-4 X mortalité CV et AVC1

๏ 80% des mortalités sont CV2

• Néphropathie diabétique

๏ 1ère cause d’IRCT3

• Rétinopathie diabétique

๏ 1ère cause de cécité chez la population active4

• Neuropathie diabétique

๏ 1ère cause d’amputation non-traumatique des MI5
1Kannel et al. Am J Heart. 1990.
2Gray & Yudkin. Textbook of Diabetes. 1997.
3Fong et al. Diabetes Care. 2003.
4Molitch et al. Diabetes Care. 2003.
5Mayfield et al. Diabetes Care. 2003.

TFGe < 60
RACU > 20 mg/mmol

RACU > 2 mg/mmol à 2 
reprises en 3 mois
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Le diabète mellitus
Traitement

HbA1c Issues

UKPDS 7,9 vs 7,0 ↓ rétinopathie 17 - 21 %
↓ néphropathie 24 - 33 %
↓ macrovasculaire 16 % (NS)

Kumamoto 9,4 vs 7,1 ↓ rétinopathie 63 %
↓ néphropathie 54 %
↓ neuropathie 60 %

↓ macrovasculaire 41 % (NS)

ADVANCE 7,3 vs 6,5 ↓ microvasculaire 14%
↓ néphropathie 21%

VADT 8,4 vs 6,9 ↓ progression albuminurie

ACCORD 7,5 vs 6,4 ↓ apparition albuminurie
↓ progression rétinopathie
↓ progression neuropathie
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Le diabète mellitus
Traitement

• Habitudes de vie

• Co-morbidités

• Médication

๏ HGO

๏ Insuline
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• Lignes directrices

Le diabète mellitus
Traitement

Habitudes de vie ± Metformin
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• Lignes directrices

Le diabète mellitus
Traitement

Habitudes de vie ± Metformin

HbA1c < 8,5% HbA1c ≥ 8,5%

Débuter metformin 
après 2-3 mois

Débuter metformin 
immédiatement

Considérer un 2e agent
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• Lignes directrices

Le diabète mellitus
Traitement

Habitudes de vie ± Metformin

HbA1c < 8,5% HbA1c ≥ 8,5%

Débuter metformin 
après 2-3 mois

Débuter metformin 
immédiatement

Considérer un 2e agent

Ajouter un agent à 3-6 
mois
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Le diabète mellitus
Traitement

 M

 O

D

E 

D

E 

V

 I

E

Cible glycémique non atteinte

Amorcer le traitement avec la 
metformine/augmenter la

dose de metformine

Amorcer le traitement avec
l’insuline +/- metformine

Il faut, en temps opportun, effectuer des ajustements pour obtenir le taux d’HbA1C visé en 3 à 6 mois

Au moment du diagnostic de diabète de type 2 

Taux d’HbA1C < 8,5 % Taux d’HbA1C ≥ 8,5 % Hyperglycémie symptomatique avec 
décompensation métabolique

Ajouter le médicament qui convient le mieux selon ce qui suit :
Caractéristiques du patient Caractéristique du médicament

Ajouter le médicament qui convient le mieux 

Classe Réduction Hypo- Poids Autres considérations thérapeutiques Coûts
 relative du glycémie 
 taux d’HbA1C

 v� sans effet �  $$
glucosidase (acarbose    à  v indésirables GI

vv� sans effet  à v  $$$
Antagonistes 

 vv à vvv� vv  $$$$
Insuline vvv� Oui uu� s $-$$$$
Sécrétagogues de     

$$
Méglitinides vv� Oui u�   
    
Sulfonylurées vv� Oui u� $
    

 vv à vvv� vv� $$$
    

vv� uu� $$

    
    semaines nécessaires avant l’obtention de
    l’effet maximal 
Médicament anti-  v� Aucun v� $$$

Cible glycémique non atteinte

Amorcer immédiatement le  
traitement avec la metformine
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Cellules L

Cellules K

GLP-1

GIP
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Cellules α

Cellules β
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Insuline

Glucagon

↓ absorption intestinale du glucose
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Cellules L
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GLP-1

GIP

Cellules α

Cellules β
Amyline

Insuline

Glucagon

↓ absorption intestinale du glucose

Sécrétagogues

Sensibiliseurs
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Cellules L

Cellules K

GLP-1

GIP

Cellules α

Cellules β
Amyline

Insuline

Glucagon

↓ absorption intestinale du glucose

Sécrétagogues

Sensibiliseurs

Glycosuriques
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Les HGO

↓ absorption intestinale du glucose
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Glycosuriques
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Question

Quel est votre HGO de 2e ligne 
favori?
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Pourquoi ajuster la dose?

• Excrétion de la médication et de ses 
métabolites compromise.
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Déterminer la fonction rénale
Clairance de la créatinine

140− !â!" !!!!"#$%! !" !!!1,23!(1,04!!"##"$)
!"é!"#$#$% !

32!788!!!!"!!,!"#!!Â!"!!.!"#!!! 1,21!!"!!"#$ !!!(0,742!!"!!!""!)!

141!!!"# !"!! 88,4! , 1
!
!!max !"!! 88,4! , 1

!!,!"#
!!0,993Â!"!!! 1,018!!"##" !!!(1,159!!"#$)!
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Cas clinique

• ♂ 62 ans

• DM2 x 17 ans

• HTA

 ℞         Clinique médicale

    Nom______________________________   Date_________

• Aspirine 80 mg die
• Bisoprolol 2,5 mg am
• Ramipril 5 mg am
• Hydrochlorothiazide 25 mg am
• Metformin 850 mg tid
• Glyburide 5 mg am
• Pioglitazone 30 mg die
• Atorvastatin 40 mg hs

  Laboratoire clinique        2015-04-08
    Georges Tremblay                                                                  7h36

  Cr           178,0  µmol/L
  CKD-EPI:  
                34 mL/min/1,73m2

   Urée        13,3   mmol/L
  Na+         138,0 mmol/L
  K+            4,0   mmol/L
  Cl-          110,0  mmol/L
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Cas clinique

Quel(s) changement(s) désirez-vous 
apporter à son régime pharmaceutique?
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Les HGO
↓ absorption intestinale du glucose

Sécrétagogues
Sensibiliseurs

Glycosuriques

Acarbose (Glucobay)

Exenatide (Byetta)
Liraglutide (Victoza)

Repaglinide (GlucoNorm)
Nateglinide (Starlix)

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)

Rosiglitazone (Avandia)
Pioglitazone (Actos)

Metformin (Glucophage) Dapagliflozin
Canagliflozin
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↓ Absorption intestinale du glucose

• Mécanisme

๏ Inhibe l’α-glucosidase

๏ Ralenti la digestion des glucides

• Efficacité

๏ ↓ HbA1c 0,5 - 1,0%

๏ Perte de poids

• Effets secondaires

๏ Flatulences et ballonnement

↓ absorption intestinale du glucose Acarbose (Glucobay)
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↓ Absorption intestinale du glucose

• Contribution du rein

๏ < 2% médication et métabolites actifs 
excrétés

๏ 34% métabolites inactifs

↓ absorption intestinale du glucose Acarbose (Glucobay)
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↓ Absorption intestinale du glucose
IRC↓ absorption intestinale du glucose

Acarbose (Glucobay)
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↓ Absorption intestinale du glucose
IRC

25

↓ absorption intestinale du glucose

Acarbose (Glucobay)
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Les HGO
↓ absorption intestinale du glucose
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Sécrétagogues

• Sulfonylurées
1ère génération 2e génération

Tolbutamide
Acetohexamide

Tolazamide
Chlorpropamide

Glipizide
Glyburide (Diabeta)

Glimepiride (Amaryl)
Gliclazide (Diamicron)

Glycopyramide
Gliquidone

Sécrétagogues Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)
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Sécrétagogues

• Sulfonylurées

๏ Mécanisme: Dépolarisation → Sécrétion

๏ Efficacité

• ↓ HbA1c 1,0 - 2,0%

Sécrétagogues Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)

Thursday, September 10, 15



Sécrétagogues
Sécrétagogues Glyburide (Diabeta)

Glimepiride (Amaryl)
Gliclazide (Diamicron)

Glyburide

2% médication inchangée

Glyburide

50% métabolites peu actifs

Glimepiride Métabolites inactifs

Gliclazide Métabolites inactifs
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Sécrétagogues
Sécrétagogues

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)
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Sécrétagogues
Sécrétagogues

15
Gliclazide & 
glimepiride

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)
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Sécrétagogues
Sécrétagogues

30 50

Glyburide

15
Gliclazide & 
glimepiride

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)
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• Meglitinides

๏ Efficacité

• ↓ HbA1c 0,5 - 1,0%

๏ Effets secondaires

• Hypoglycémie

• Gain de poids

Sécrétagogues
Sécrétagogues

Black et al. Cochrane Database Syst Rev. 2007.
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• Meglitinides

๏ Efficacité

• ↓ HbA1c 0,5 - 1,0%

๏ Effets secondaires

• Hypoglycémie

• Gain de poids

Sécrétagogues
Sécrétagogues

Black et al. Cochrane Database Syst Rev. 2007.

Repaglinide (GlucoNorm)
Nateglinide (Starlix)
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Sécrétagogues
Sécrétagogues Repaglinide (GlucoNorm)

Nateglinide (Starlix)

Repaglinide

Inchangée 0%
100% Métabolites 

inactifs
Repaglinide

100% Métabolites inactifs 8%

Nateglinide

Inchangée
16% médication 

inchangée
Nateglinide

Métabolites actifs 83% métabolites actifs
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Sécrétagogues
Sécrétagogues

Repaglinide (GlucoNorm)
Nateglinide (Starlix)
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Sécrétagogues
Sécrétagogues

Nateglinide

15

Repaglinide (GlucoNorm)
Nateglinide (Starlix)
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Sécrétagogues
Sécrétagogues

Repaglinide

Nateglinide

15

Repaglinide (GlucoNorm)
Nateglinide (Starlix)
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Question

À quel hypoglycémiant cet animal 
est-il associé?
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• Incrétines: analogues du GLP-1

๏ Mécanisme

• Lie récepteur GLP → sécrétion d’insuline

๏ Efficacité

• ↓ HbA1c 1,0% (Cochrane)

• Perte de poids: -1,44 kg à 30 semaines

๏ Effets secondaires

• Nausées, perte de poids

• Pancréatite

๏ Usage

• 2e ligne

Sécrétagogues
Sécrétagogues
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• Incrétines: analogues du GLP-1

๏ Mécanisme

• Lie récepteur GLP → sécrétion d’insuline

๏ Efficacité

• ↓ HbA1c 1,0% (Cochrane)

• Perte de poids: -1,44 kg à 30 semaines

๏ Effets secondaires

• Nausées, perte de poids

• Pancréatite

๏ Usage

• 2e ligne

Sécrétagogues
Sécrétagogues Exenatide (Byetta)

Liraglutide (Victoza)
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Sécrétagogues
IRCSécrétagogues

Jacobson. Brit J Clin Pharm. 2009.

Exenatide (Byetta)
Liraglutide (Victoza)
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Sécrétagogues
IRCSécrétagogues

Jacobson. Brit J Clin Pharm. 2009.

Exenatide (Byetta)
Liraglutide (Victoza)
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Sécrétagogues
IRC

30 50

Sécrétagogues

Jacobson. Brit J Clin Pharm. 2009.

Exenatide (Byetta)
Liraglutide (Victoza)
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Question

La sitagliptine est unique pour la 
raison suivante:
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Question
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• Incrétines: inhibiteurs DPP-4

๏ Mécanisme

• Empêche la dégradation du GLP-1

๏ Efficacité

• ↓ HbA1c 0,50 - 0,74%

๏ Effets secondaires

• Céphalées, IVRS

• Pancréatite post-marketing

Sécrétagogues
Sécrétagogues
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• Incrétines: inhibiteurs DPP-4

๏ Mécanisme

• Empêche la dégradation du GLP-1

๏ Efficacité

• ↓ HbA1c 0,50 - 0,74%

๏ Effets secondaires

• Céphalées, IVRS

• Pancréatite post-marketing

Sécrétagogues
Sécrétagogues Sitagliptin (Januvia)

Saxagliptin (Onglyza)
Linagliptin (Trajenta)
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Sécrétagogues
Sécrétagogues Sitagliptin (Januvia)

Saxagliptin (Onglyza)
Linagliptin (Trajenta)

Sitagliptin
Inchangée 79%

Sitagliptin
13% 8%

Saxagliptin

Inchangée 24%

Saxagliptin Métabolites actifs 36%Saxagliptin

22%

Linagliptin 80% 5%

Diabetes, Obesity and Metabolism 13: 939, 2011
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Sécrétagogues
Sécrétagogues Sitagliptin (Januvia)

Saxagliptin (Onglyza)
Linagliptin (Trajenta)

Sitagliptin
Inchangée 79%

Sitagliptin
13% 8%

Saxagliptin

Inchangée 24%

Saxagliptin Métabolites actifs 36%Saxagliptin

22%

Linagliptin 80% 5%

Diabetes, Obesity and Metabolism 13: 939, 2011
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Sécrétagogues
IRCSécrétagogues

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)
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Sécrétagogues
IRC

Sitagliptin
30 50

50 mg25 mg

Sécrétagogues

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)
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Sécrétagogues
IRC

5015

2,5 mgSaxagliptin

Sitagliptin
30 50

50 mg25 mg

Sécrétagogues

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)
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Sécrétagogues
IRC

Linagliptin

5015

2,5 mgSaxagliptin

Sitagliptin
30 50

50 mg25 mg

Sécrétagogues

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)
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Sécrétagogues
IRCSécrétagogues Sitagliptin (Januvia)

Saxagliptin (Onglyza)
Linagliptin (Trajenta)

• Incrétines: inhibiteurs DPP-4

๏ Remboursement

• Monothérapie

• Si MTF et sulfonylurée contre-indiqués

• Associé au MTF

• Si sulfonylurée contre-indiquée
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Les HGO
↓ absorption intestinale du glucose

Sécrétagogues
Sensibiliseurs

Glycosuriques

Acarbose (Glucobay)

Exenatide (Byetta)
Liraglutide (Victoza)

Repaglinide (GlucoNorm)
Nateglinide (Starlix)

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)

Rosiglitazone (Avandia)
Pioglitazone (Actos)

Metformin (Glucophage) Dapagliflozin
Canagliflozin
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• Biguanides

๏ Mécanisme

• Augmente la consommation de glucose musculaire

• Augmente la consommation de glucose intestinal en anaérobie

• Diminue la sortie de glucose hépatique en présence d’insuline

๏ Efficacité

• ↓ HbA1c 1,5 - 2,0%

• 1er choix en diabète mellitus de type 2

• Perte de poids ou stabilité

• Pas d’hypoglycémie

• ↓ triglycérides et LDL

๏ Effets secondaires

• Gastro-intestinaux

• ↓ B12

• Acidose lactique: 9 / 100 000 patients-année

Sensibiliseurs
Sensibiliseurs

Metformin (Glucophage)
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• Thiazolidinediones

๏ Mécanisme

• Lient PPARγ et α, augmentant la transcription d’enzymes insulino-dépendantes pour 
transport et stockage. (adiponectine, ↓résistine, GLUT1, GLUT4)

๏ Efficacité

• ↓ HbA1c 1,0 - 1,5%

• Pas d’hypoglycémie

๏ Effets secondaires

• Insuffisance cardiaque

• Gain de poids (75% en eau)

• Stimule ENaC à la cellule principale du tubule collecteur

• ↓ ostéodensité

• Néoplasie vésicale

Sensibiliseurs
Sensibiliseurs
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• ↓ HbA1c 1,0 - 1,5%

• Pas d’hypoglycémie

๏ Effets secondaires

• Insuffisance cardiaque

• Gain de poids (75% en eau)

• Stimule ENaC à la cellule principale du tubule collecteur

• ↓ ostéodensité

• Néoplasie vésicale

Sensibiliseurs
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Sensibiliseurs
IRCSensibiliseurs
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Les HGO
↓ absorption intestinale du glucose

Sécrétagogues
Sensibiliseurs

Glycosuriques

Acarbose (Glucobay)

Exenatide (Byetta)
Liraglutide (Victoza)

Repaglinide (GlucoNorm)
Nateglinide (Starlix)

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)

Rosiglitazone (Avandia)
Pioglitazone (Actos)

Metformin (Glucophage) Dapagliflozin
Canagliflozin
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*Neumiller et al. Drugs. 2010.
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• Co-transport passif avec Na+

๏ SGLT1 (S3 + intestin grêle): haute affinité faible capacité, 
réabsorption 2:1 (10% de la réabsorption au TP)

๏ SGLT2 (S1) : faible affinité haute capacité (90% de la 
réabsorption au TP)

• Glucosurie

๏ Glycémie de 10 mmol/L

๏ Défaut sélectif de réabsorption

๏ Fanconi

S1

S3

Glycosuriques
Glycosuriques Dapagliflozin

Canagliflozin
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Inhibiteurs SGLT2
DéveloppementGlycosuriques Dapagliflozin

Canagliflozin
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Inhibiteurs SGLT2
Développement

• Phlorizin

Glycosuriques Dapagliflozin
Canagliflozin
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Inhibiteurs SGLT2
Développement

• Phlorizin

๏ Inhibe SGLT1 et SGLT2

๏ Abaisse la glycémie post-prandiale sans 
hypoglycémie

๏ Entièrement converti en phloritin dans 
l’intestin grêle

Glycosuriques Dapagliflozin
Canagliflozin
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Inhibiteurs SGLT2
Développement

• Dapagliflozin
๏ Rejeté 19 Jan 2012 2° risque néoplasique

๏ Approuvé 8 janvier 2014

• Canagliflozin
๏ Approuvé 29 mars 2013

• Empagliflozin
๏ Approuvé FDA 2014-08

• Ipragliflozin

• Tofogliflozin

• Ertugliflozine

Glycosuriques Dapagliflozin
Canagliflozin
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• Homéostasie du glucose

๏ 180 g filtrés

• < 1% excrété dans l’urine

๏ RTG

• Normale: 10.0 mmol/L

• Diabétique: 13.3 mmol/L

• Canagliflozin: 4.4 - 5.0 mmol/L

• Inhibition SGLT2 cause une perte de 200-300 kcal/day*

Inhibiteurs SGLT2
Mécanisme d’action

*Neumiller et al. Drugs. 2010.

Glycosuriques Dapagliflozin
Canagliflozin
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• Les inhibiteurs du SGLT2 abaissent le RTG

Sha et al. Diab, Obes and Metab. 2011.
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RTG After Multiple-Dose Canagliflozin Treatment 
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RTG (mmol/)
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Inhibiteurs SGLT2
Mécanisme d’actionGlycosuriques Dapagliflozin

Canagliflozin
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• Avantages potentiels du mécanisme:

๏ Excrétion urinaire de calories

• Pas d’effets secondaires GI (SGLT2 est 
exclusif aux reins)

• Potentiel de perte de poids

๏ Faible risque d’hypoglycémie

๏ Possibilité d’abaisser la TA

Inhibiteurs SGLT2
Mécanisme d’actionGlycosuriques Dapagliflozin

Canagliflozin
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Inhibiteurs SGLT2

HbA1c levels
Figure 2 shows the results of the meta-analysis of
10 mg/day of dapagliflozin versus placebo for HbA1c
for study durations up to 26 and for 48–52 weeks.
Figure 3 shows the reductions in HbA1c in the seven
study groups of the canagliflozin study16 after 12 weeks
of treatment.
Dapagliflozin at a dose of 10 mg/day significantly

reduced HbA1c by (WMD) −0.54% (95% CI −0.67% to
−0.40%, p<0.00001) after 12–26 weeks of treatment com-
pared to placebo. There was significant heterogeneity,
which was eliminated when excluding the only study with
a baseline HbA1c<7.5%.9 The WMD in HbA1c for studies
with a baseline HbA1c value of >7.5% was −0.59% (95%
CI −0.67% to −0.51%). Change from baseline in the
10 mg dapagliflozin groups ranged between −0.39% and
−0.96% (main study end), and differences to placebo
between −0.29% and −0.69%. HbA1c reductions at
48–52 weeks were similar to those at up to 26 weeks
(three studies, WMD −0.54, 95% CI −0.69 to −0.38,
p<0.00001).

In the study by Nauck,11 there was no difference in
HbA1c reduction between dapagliflozin and glipizide, both
reducing HbA1c by −0.52% (95% CI −0.60% to −0.44%).
Canagliflozin reduced HbA1c in a dose-related

manner up to 300 mg once daily (HbA1c reductions
from baseline ranging from −0.70% to 0.95%) after
12 weeks of treatment, with only a small difference
between once daily and twice daily doses at 300 mg
(−0.92% SE 0.08 and −0.95% SE 0.08 from baseline,
figure 3). The HbA1c reduction from baseline with sita-
gliptin was −0.74% SE 0.08.

Weight
Figure 4 shows the meta-analysis of weight change
for 10 mg/day of dapagliflozin versus placebo for
study durations up to 26 weeks and for 48–52 weeks.
Dapaglifozin was associated with a significant reduction
in weight. Compared to placebo, weight was reduced
by −1.81 kg (WMD, 95% CI −2.04 to −1.57, p<0.00001,
no significant heterogeneity) after up to 26 weeks of
treatment. Weight reductions ranged from −0.14 to
−4.5 kg in the 10 mg dapagliflozin groups and weight
change ranged from +1.64 to −1.9 kg in the placebo
groups. After 48–52 weeks of treatment, weight was
reduced by −2.36 kg (WMD, 95% CI −2.85 to −1.88,
p<0.00001, three RCTs) compared to placebo (range
+0.69–−4.39 kg for the 10 mg dapagliflozin groups and
+2.99 to −2.03 kg for the placebo groups). This reduc-
tion was significantly greater than the change at up to
26 weeks (p=0.04).
In the RCT comparing dapagliflozin to glipizide,

weight decreased by −3.22 kg (95% CI −3.56 to −2.87)
in the dapagliflozin arm after 52 weeks of treatment and
increased by +1.44 kg (95% CI +1.09 to +1.78) in the
glipizide arm (p<0.0001 between groups).11 In the
RCT of canagliflozin, weight was reduced by between
−2.3 (SE 0.39) and −3.4 (SE 0.39) kg in the canagliflozin
groups with similar reductions of −3.4 kg in the groups

Figure 2 Meta-analysis for HbA1c change from baseline, 10 mg dapagliflozin versus placebo.

Figure 3 HbA1c change in response to canagliflozin
(Rosenstock et al16, means and SE).

8 Clar C, Gill JA, Court R, et al. BMJ Open 2012;2:e001007. doi:10.1136/bmjopen-2012-001007

Systematic review of SGLT2 receptor inhibitors

Clar et al. BMJ Open. 2012.
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Inhibiteurs SGLT2

HbA1c levels
Figure 2 shows the results of the meta-analysis of
10 mg/day of dapagliflozin versus placebo for HbA1c
for study durations up to 26 and for 48–52 weeks.
Figure 3 shows the reductions in HbA1c in the seven
study groups of the canagliflozin study16 after 12 weeks
of treatment.
Dapagliflozin at a dose of 10 mg/day significantly

reduced HbA1c by (WMD) −0.54% (95% CI −0.67% to
−0.40%, p<0.00001) after 12–26 weeks of treatment com-
pared to placebo. There was significant heterogeneity,
which was eliminated when excluding the only study with
a baseline HbA1c<7.5%.9 The WMD in HbA1c for studies
with a baseline HbA1c value of >7.5% was −0.59% (95%
CI −0.67% to −0.51%). Change from baseline in the
10 mg dapagliflozin groups ranged between −0.39% and
−0.96% (main study end), and differences to placebo
between −0.29% and −0.69%. HbA1c reductions at
48–52 weeks were similar to those at up to 26 weeks
(three studies, WMD −0.54, 95% CI −0.69 to −0.38,
p<0.00001).

In the study by Nauck,11 there was no difference in
HbA1c reduction between dapagliflozin and glipizide, both
reducing HbA1c by −0.52% (95% CI −0.60% to −0.44%).
Canagliflozin reduced HbA1c in a dose-related

manner up to 300 mg once daily (HbA1c reductions
from baseline ranging from −0.70% to 0.95%) after
12 weeks of treatment, with only a small difference
between once daily and twice daily doses at 300 mg
(−0.92% SE 0.08 and −0.95% SE 0.08 from baseline,
figure 3). The HbA1c reduction from baseline with sita-
gliptin was −0.74% SE 0.08.

Weight
Figure 4 shows the meta-analysis of weight change
for 10 mg/day of dapagliflozin versus placebo for
study durations up to 26 weeks and for 48–52 weeks.
Dapaglifozin was associated with a significant reduction
in weight. Compared to placebo, weight was reduced
by −1.81 kg (WMD, 95% CI −2.04 to −1.57, p<0.00001,
no significant heterogeneity) after up to 26 weeks of
treatment. Weight reductions ranged from −0.14 to
−4.5 kg in the 10 mg dapagliflozin groups and weight
change ranged from +1.64 to −1.9 kg in the placebo
groups. After 48–52 weeks of treatment, weight was
reduced by −2.36 kg (WMD, 95% CI −2.85 to −1.88,
p<0.00001, three RCTs) compared to placebo (range
+0.69–−4.39 kg for the 10 mg dapagliflozin groups and
+2.99 to −2.03 kg for the placebo groups). This reduc-
tion was significantly greater than the change at up to
26 weeks (p=0.04).
In the RCT comparing dapagliflozin to glipizide,

weight decreased by −3.22 kg (95% CI −3.56 to −2.87)
in the dapagliflozin arm after 52 weeks of treatment and
increased by +1.44 kg (95% CI +1.09 to +1.78) in the
glipizide arm (p<0.0001 between groups).11 In the
RCT of canagliflozin, weight was reduced by between
−2.3 (SE 0.39) and −3.4 (SE 0.39) kg in the canagliflozin
groups with similar reductions of −3.4 kg in the groups

Figure 2 Meta-analysis for HbA1c change from baseline, 10 mg dapagliflozin versus placebo.

Figure 3 HbA1c change in response to canagliflozin
(Rosenstock et al16, means and SE).

8 Clar C, Gill JA, Court R, et al. BMJ Open 2012;2:e001007. doi:10.1136/bmjopen-2012-001007

Systematic review of SGLT2 receptor inhibitors

Clar et al. BMJ Open. 2012.
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Canagliflozin
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Inhibiteurs SGLT2
Dapagliflozin
Canagliflozin

CC-39

HbA1c Change from Baseline
Placebo-controlled Phase 3 Studies

*  p<0.001
Based on ANCOVA  models, data prior to rescue (LOCF)
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HbA1c (%) 8.0 7.9 8.4 8.1 7.9 8.3 7.7

Monotherapy
(DIA3005)

N =584

Metformin
(DIA3006)

N = 1284

SU
(DIA3008)

N = 127

Met/SU
(DIA3002)

N = 469

Met/Pio
(DIA3012)

N = 342

Insulin
(DIA3008)

N = 1718

Current Therapy 

in Older Subjects
(DIA3010)

N = 714

Add-on Combinations with 

All at 26 weeks except 18 weeks DIA3008 Insulin, SU sub-studies 

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/UCM336236.pdf.  Consulté 
le 21 mars 2015.
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Inhibiteurs SGLT2

receiving 300 mg once and twice daily (vs −1.1 SE 0.29
with placebo and −0.6 SE 0.39 with sitagliptin).16

Wilding et al14 also recorded waist measurement, and
reported reductions of 2.5 cm on dapagliflozin 10 mg
daily and 1.3 cm on placebo.

Systolic blood pressure
Dapagliflozin produced a reduction in systolic blood
pressure at all doses (p values generally not reported)
ranging from −1.3 to −7.2 mm Hg in the 10 mg dapagli-
flozin groups compared to changes of +2 to
−0.11 mm Hg in the control groups. Rosenstock et al16

reported a systolic blood pressure reduction in response
to canagliflozin ranging from −0.9 SE 1.7 mm Hg with
50 mg once daily to −4.9 SE 1.5 mm Hg with 300 mg
once daily (−1.3 SE 1.5 mm Hg with placebo, −0.8 SE
1.4 mm Hg with sitagliptin).

Fasting plasma glucose
A significant reduction in FPG was seen in all dapagliflo-
zin groups compared to placebo, with 10 mg dapagliflo-
zin reducing FPG between −0.86 and −1.47 mmol/l
more than control. There was no significant difference
between FPG reductions with dapagliflozin versus glipi-
zide in the study by Nauck.11

Canagliflozin reduced FPG by between −0.9 and
−1.4 mmol/l (SE 0.20–0.22) with similar effects in the
groups receiving 100, 200 or 300 mg once daily or
300 mg twice daily (vs +0.2 SE 0.20 mmol/l with placebo
and −0.7 SE 0.20 mmol/l with sitagliptin).16

Adverse events
UTI and genital tract infection
Overall, there was a slight increase in the rate of UTIs
when comparing 10 mg dapagliflozin with placebo (risk
ratio 1.44, 95% CI 1.05 to 1.98, p=0.02), with a mean
rate of 8.8% in the 10 mg dapagliflozin group
(range 0–12.1%) and of 6.1% in the control groups
(range 0–8.2%).

There was also an increase in genital tract infections
when comparing 10 mg dapagliflozin with placebo
(risk ratio 3.42, 95% CI 2.19 to 5.33, p<0.00001), with a
mean rate of 9.5% in 10 mg dapagliflozin groups
(range 0–12.3%) and 2.6% in the control groups
(range 0–5.2%).
In most studies, the incidence on UTI or genital tract

infections showed no dependence of dapagliflozin dose.
In the canagliflozin study, rates of UTIs ranged from

3.1% to 9.2% in the canagliflozin groups versus 6.1%
with placebo and 1.5% with sitagliptin. Corresponding
rates for genital tract infections were 3.1–7.8% in the
canagliflozin groups, and 1.5% in both the placebo and
the sitagliptin groups. There was no evidence of a dose
dependence.16

In all cases the reported UTI and genital tract infec-
tions were not severe and resolved with simple treatment.

Hypoglycaemia
Overall, there was no significant difference in all types
of hypoglycaemia between dapagliflozin and placebo
groups. Hypoglycaemia, where data permitted, was
divided into three categories: severe, moderate and
other, corresponding, respectively, to capillary glucose
readings of; <3.0 mmol/l (with external assistance
required), <3.5 mmol/l, and symptoms suggestive of
hypoglycaemia, but without confirming capillary glucose
measurement. The incidence of all forms of hypogly-
caemia in the dapagliflozin groups ranged from 1.1%16

to 56.6% (ref. 15, any dose of dapagliflozin+insulin±oral
anti-diabetes drugs (OAD)).
Wilding et al14, reported more than a doubling of all

hypoglycaemic events when dapagliflozin and insulin
were compared to placebo and insulin (27% compared
to 13%), but with only 16 hypoglycaemic episodes in a
total of 71 participants.14 Strojek et al13 reported a small,
dose independent, increase in hypoglycaemia from
dapagliflozin 2.5, 5 and 10 mg, producing hypogly-
caemia rates of 7.1%, 7.5% and 7.9%, respectively,

Figure 4 Meta-analysis for weight change from baseline, 10 mg dapagliflozin versus placebo.

Clar C, Gill JA, Court R, et al. BMJ Open 2012;2:e001007. doi:10.1136/bmjopen-2012-001007 9

Systematic review of SGLT2 receptor inhibitors

Clar et al. BMJ Open. 2012.

Dapagliflozin
Canagliflozin
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Inhibiteurs SGLT2

receiving 300 mg once and twice daily (vs −1.1 SE 0.29
with placebo and −0.6 SE 0.39 with sitagliptin).16

Wilding et al14 also recorded waist measurement, and
reported reductions of 2.5 cm on dapagliflozin 10 mg
daily and 1.3 cm on placebo.

Systolic blood pressure
Dapagliflozin produced a reduction in systolic blood
pressure at all doses (p values generally not reported)
ranging from −1.3 to −7.2 mm Hg in the 10 mg dapagli-
flozin groups compared to changes of +2 to
−0.11 mm Hg in the control groups. Rosenstock et al16

reported a systolic blood pressure reduction in response
to canagliflozin ranging from −0.9 SE 1.7 mm Hg with
50 mg once daily to −4.9 SE 1.5 mm Hg with 300 mg
once daily (−1.3 SE 1.5 mm Hg with placebo, −0.8 SE
1.4 mm Hg with sitagliptin).

Fasting plasma glucose
A significant reduction in FPG was seen in all dapagliflo-
zin groups compared to placebo, with 10 mg dapagliflo-
zin reducing FPG between −0.86 and −1.47 mmol/l
more than control. There was no significant difference
between FPG reductions with dapagliflozin versus glipi-
zide in the study by Nauck.11

Canagliflozin reduced FPG by between −0.9 and
−1.4 mmol/l (SE 0.20–0.22) with similar effects in the
groups receiving 100, 200 or 300 mg once daily or
300 mg twice daily (vs +0.2 SE 0.20 mmol/l with placebo
and −0.7 SE 0.20 mmol/l with sitagliptin).16

Adverse events
UTI and genital tract infection
Overall, there was a slight increase in the rate of UTIs
when comparing 10 mg dapagliflozin with placebo (risk
ratio 1.44, 95% CI 1.05 to 1.98, p=0.02), with a mean
rate of 8.8% in the 10 mg dapagliflozin group
(range 0–12.1%) and of 6.1% in the control groups
(range 0–8.2%).

There was also an increase in genital tract infections
when comparing 10 mg dapagliflozin with placebo
(risk ratio 3.42, 95% CI 2.19 to 5.33, p<0.00001), with a
mean rate of 9.5% in 10 mg dapagliflozin groups
(range 0–12.3%) and 2.6% in the control groups
(range 0–5.2%).
In most studies, the incidence on UTI or genital tract

infections showed no dependence of dapagliflozin dose.
In the canagliflozin study, rates of UTIs ranged from

3.1% to 9.2% in the canagliflozin groups versus 6.1%
with placebo and 1.5% with sitagliptin. Corresponding
rates for genital tract infections were 3.1–7.8% in the
canagliflozin groups, and 1.5% in both the placebo and
the sitagliptin groups. There was no evidence of a dose
dependence.16

In all cases the reported UTI and genital tract infec-
tions were not severe and resolved with simple treatment.

Hypoglycaemia
Overall, there was no significant difference in all types
of hypoglycaemia between dapagliflozin and placebo
groups. Hypoglycaemia, where data permitted, was
divided into three categories: severe, moderate and
other, corresponding, respectively, to capillary glucose
readings of; <3.0 mmol/l (with external assistance
required), <3.5 mmol/l, and symptoms suggestive of
hypoglycaemia, but without confirming capillary glucose
measurement. The incidence of all forms of hypogly-
caemia in the dapagliflozin groups ranged from 1.1%16

to 56.6% (ref. 15, any dose of dapagliflozin+insulin±oral
anti-diabetes drugs (OAD)).
Wilding et al14, reported more than a doubling of all

hypoglycaemic events when dapagliflozin and insulin
were compared to placebo and insulin (27% compared
to 13%), but with only 16 hypoglycaemic episodes in a
total of 71 participants.14 Strojek et al13 reported a small,
dose independent, increase in hypoglycaemia from
dapagliflozin 2.5, 5 and 10 mg, producing hypogly-
caemia rates of 7.1%, 7.5% and 7.9%, respectively,

Figure 4 Meta-analysis for weight change from baseline, 10 mg dapagliflozin versus placebo.

Clar C, Gill JA, Court R, et al. BMJ Open 2012;2:e001007. doi:10.1136/bmjopen-2012-001007 9

Systematic review of SGLT2 receptor inhibitors

Clar et al. BMJ Open. 2012.
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CC-42

Body Weight Percent Change from Baseline
Placebo-controlled Phase 3 Studies

* p <0.001; † p <0.05 
Based on ANCOVA models, data prior to rescue (LOCF)
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Inhibiteurs SGLT2

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/UCM336236.pdf.  Consulté 
le 21 mars 2015.
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Inhibiteurs SGLT2

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/UCM336236.pdf.  Consulté 
le 21 mars 2015.

Dapagliflozin
Canagliflozin

Placebo 100 mg 300 mg

TAs
(mm Hg)

- 1,6 - 3,7 - 5,4
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DIABETES, OBESITY AND METABOLISM original article
Table 2. AHA therapies at baseline (mITT).

Subjects, n (%)

PBO (n = 90) CANA 100 mg (n = 90) CANA 300 mg (n = 89) Total (N = 269)

Total subjects with AHA therapy 88 (97.8) 87 (96.7) 88 (98.9) 263 (97.8)
AHAs (alone or in combination)

Sulphonylureas 33 (36.7) 24 (26.7) 27 (30.3) 84 (31.2)
Thiazolidinediones∗ 7 (7.8) 3 (3.3) 7 (7.9) 17 (6.3)
DPP-4 inhibitors 5 (5.6) 7 (7.8) 8 (9.0) 20 (7.4)
Biguanide 1 (1.1) 1 (1.1) 2 (2.2) 4 (1.5)
Other AHAs† 7 (7.8) 6 (6.7) 10 (11.2) 23 (8.6)
Insulin‡ 66 (73.3) 67 (74.4) 66 (74.2) 199 (74.0)

Combinations§
Sulphonylurea + insulin 11 (12.2) 7 (7.8) 10 (11.2) 28 (10.4)
Other AHA¶+ insulin 12 (13.3) 8 (8.9) 10 (11.2) 30 (11.2)
Biguanide + insulin 0 1 (1.1) 2 (2.2) 3 (1.1)
Biguanide + sulphonylurea 1 (1.1) 0 0 1 (0.4)

AHA, antihyperglycaemic agent; mITT, modified intent-to-treat; PBO, placebo; CANA, canagliflozin; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like
peptide-1.
∗All subjects were on pioglitazone.
†Including α-glucosidase inhibitors, GLP-1 agonists, glinides and other AHAs.
‡Including basal + bolus insulin, basal insulin alone and bolus insulin alone.
§Subset of subjects on combinations of the AHAs listed above.
¶Including α-glucosidase inhibitors, thiazolidinediones, DPP-4 inhibitors, GLP-1 agonists, glinides and other AHAs.
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Figure 2. Effects on efficacy parameters (LOCF). Change in HbA1c (A), proportion of subjects reaching HbA1c <7.0% (B), change in FPG (C), and
percent change in body weight (D). LOCF, last observation carried forward; FPG, fasting plasma glucose; PBO, placebo; CANA, canagliflozin; LS, least
squares; SE, standard error; CI, confidence interval; NS, not significant. *Statistical comparison for CANA versus PBO not performed owing to multiplicity
control. †p = NS for CANA versus PBO. ‡Statistical comparison for CANA versus PBO not performed (not prespecified).

Safety

Overall Safety and Tolerability. The overall incidence of AEs,
serious AEs and study discontinuations due to AEs was similar
for canagliflozin 100 and 300 mg and placebo (Table 4). The
incidence of drug-related AEs was higher in both canagliflozin

groups compared with placebo, largely because of a higher

incidence of several specific AEs discussed below.

Canagliflozin was associated with slightly higher rates of

genital mycotic infections in males and females compared with

placebo (Table 4), but incidences were low across groups and
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percent change in body weight (D). LOCF, last observation carried forward; FPG, fasting plasma glucose; PBO, placebo; CANA, canagliflozin; LS, least
squares; SE, standard error; CI, confidence interval; NS, not significant. *Statistical comparison for CANA versus PBO not performed owing to multiplicity
control. †p = NS for CANA versus PBO. ‡Statistical comparison for CANA versus PBO not performed (not prespecified).

Safety

Overall Safety and Tolerability. The overall incidence of AEs,
serious AEs and study discontinuations due to AEs was similar
for canagliflozin 100 and 300 mg and placebo (Table 4). The
incidence of drug-related AEs was higher in both canagliflozin

groups compared with placebo, largely because of a higher

incidence of several specific AEs discussed below.

Canagliflozin was associated with slightly higher rates of

genital mycotic infections in males and females compared with

placebo (Table 4), but incidences were low across groups and

2013 doi:10.1111/dom.12090 5

Inhibiteurs SGLT2
Dapagliflozin
Canagliflozin

Thursday, September 10, 15



• Dapagliflozin: 67 ans, TFGe 40 - 55 mL/min/1,73m2

• Canagliflozin: 68.5 ans, TFGe 39.4 mL/min/1.73m2

Kohan et al. Kid Int. 2013.
Yale et al. Diab Obes Metab. 2013.

DIABETES, OBESITY AND METABOLISM original article
Table 2. AHA therapies at baseline (mITT).

Subjects, n (%)

PBO (n = 90) CANA 100 mg (n = 90) CANA 300 mg (n = 89) Total (N = 269)

Total subjects with AHA therapy 88 (97.8) 87 (96.7) 88 (98.9) 263 (97.8)
AHAs (alone or in combination)

Sulphonylureas 33 (36.7) 24 (26.7) 27 (30.3) 84 (31.2)
Thiazolidinediones∗ 7 (7.8) 3 (3.3) 7 (7.9) 17 (6.3)
DPP-4 inhibitors 5 (5.6) 7 (7.8) 8 (9.0) 20 (7.4)
Biguanide 1 (1.1) 1 (1.1) 2 (2.2) 4 (1.5)
Other AHAs† 7 (7.8) 6 (6.7) 10 (11.2) 23 (8.6)
Insulin‡ 66 (73.3) 67 (74.4) 66 (74.2) 199 (74.0)

Combinations§
Sulphonylurea + insulin 11 (12.2) 7 (7.8) 10 (11.2) 28 (10.4)
Other AHA¶+ insulin 12 (13.3) 8 (8.9) 10 (11.2) 30 (11.2)
Biguanide + insulin 0 1 (1.1) 2 (2.2) 3 (1.1)
Biguanide + sulphonylurea 1 (1.1) 0 0 1 (0.4)

AHA, antihyperglycaemic agent; mITT, modified intent-to-treat; PBO, placebo; CANA, canagliflozin; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like
peptide-1.
∗All subjects were on pioglitazone.
†Including α-glucosidase inhibitors, GLP-1 agonists, glinides and other AHAs.
‡Including basal + bolus insulin, basal insulin alone and bolus insulin alone.
§Subset of subjects on combinations of the AHAs listed above.
¶Including α-glucosidase inhibitors, thiazolidinediones, DPP-4 inhibitors, GLP-1 agonists, glinides and other AHAs.

0
–0.8

–0.4

–0.2

0

0.2

–0.6

Time point (wk)

LS mean
change

–0.03%

–0.33%

–0.44%

–0.30%
p <0.05
95% CI (–0.5, –0.1)

–0.40%
p <0.001
95% CI (–0.6, –0.2)

LS
 m

ea
n 

ch
an

ge
 (

±S
E

) 
in

 H
bA

1c
fr

om
 b

as
el

in
e 

(%
)

Baseline (%)
CANA 300 mg

8.0
CANA 100 mg

7.9
PBO

8.0

0

40

60

80

100

20

CANA 300 mgCANA 100 mgPBO

*
27.3

17.2

P
er

ce
nt

ag
e 

of
 s

ub
je

ct
s

*
32.6

HbA1c <7.0%

0 6

Time point (wk)

LS mean
change

0.03 mmol/l
(0.5 mg/dl)

–0.65 mmol/l
(–11.7 mg/dl)
–0.83 mmol/l
(–14.9 mg/dl)

–0.67 mmol/l†
95% CI (–1.4, 0.1)
(–12.2 mg/dl)
(95% CI [–25.4, 1.0])

–0.85 mmol/l*
95% CI (–1.6, –0.1)
(–15.4 mg/dl)
(95% CI [–28.5, –2.3])

LS
 m

ea
n 

ch
an

ge
 (

±S
E

) 
in

 F
P

G
fr

om
 b

as
el

in
e 

(m
m

ol
/l)

Baseline (mmol/l)
CANA 300 mg

8.8
CANA 100 mg

9.4
PBO
8.9

–1.4

–1.2

–1.0

–0.8

–0.6

–0.4

–0.2

0

0.2

0.4

0.6

Baseline (mg/dl) 158.5169.4160.8

0 6

Time point (wk)

LS mean
% change

0.3%
(0.2 kg)

–1.2%
(–1.2 kg)
–1.5%

(–1.4 kg)

–1.6%‡

95% CI (–2.3, –0.8)
(–1.4 kg)
(95% CI [–2.1, –0.7])

–1.8%‡

95% CI (–2.6, –1.0)
(–1.6 kg)
(95% CI [–2.3, –0.9])

LS
 m

ea
n 

%
 c

ha
ng

e 
(±

S
E

)
in

 b
od

y 
w

ei
gh

t f
ro

m
 b

as
el

in
e

Baseline (kg)
CANA 300 mg

90.2
CANA 100 mg

90.5
PBO
92.8

–2.0

–1.5

–1.0

–0.5

0

0.5

1.0

2618126

2618123 2618123

A

C

B

D

Figure 2. Effects on efficacy parameters (LOCF). Change in HbA1c (A), proportion of subjects reaching HbA1c <7.0% (B), change in FPG (C), and
percent change in body weight (D). LOCF, last observation carried forward; FPG, fasting plasma glucose; PBO, placebo; CANA, canagliflozin; LS, least
squares; SE, standard error; CI, confidence interval; NS, not significant. *Statistical comparison for CANA versus PBO not performed owing to multiplicity
control. †p = NS for CANA versus PBO. ‡Statistical comparison for CANA versus PBO not performed (not prespecified).

Safety

Overall Safety and Tolerability. The overall incidence of AEs,
serious AEs and study discontinuations due to AEs was similar
for canagliflozin 100 and 300 mg and placebo (Table 4). The
incidence of drug-related AEs was higher in both canagliflozin

groups compared with placebo, largely because of a higher

incidence of several specific AEs discussed below.

Canagliflozin was associated with slightly higher rates of

genital mycotic infections in males and females compared with

placebo (Table 4), but incidences were low across groups and

2013 doi:10.1111/dom.12090 5

DIABETES, OBESITY AND METABOLISM original article
Table 2. AHA therapies at baseline (mITT).

Subjects, n (%)

PBO (n = 90) CANA 100 mg (n = 90) CANA 300 mg (n = 89) Total (N = 269)

Total subjects with AHA therapy 88 (97.8) 87 (96.7) 88 (98.9) 263 (97.8)
AHAs (alone or in combination)

Sulphonylureas 33 (36.7) 24 (26.7) 27 (30.3) 84 (31.2)
Thiazolidinediones∗ 7 (7.8) 3 (3.3) 7 (7.9) 17 (6.3)
DPP-4 inhibitors 5 (5.6) 7 (7.8) 8 (9.0) 20 (7.4)
Biguanide 1 (1.1) 1 (1.1) 2 (2.2) 4 (1.5)
Other AHAs† 7 (7.8) 6 (6.7) 10 (11.2) 23 (8.6)
Insulin‡ 66 (73.3) 67 (74.4) 66 (74.2) 199 (74.0)

Combinations§
Sulphonylurea + insulin 11 (12.2) 7 (7.8) 10 (11.2) 28 (10.4)
Other AHA¶+ insulin 12 (13.3) 8 (8.9) 10 (11.2) 30 (11.2)
Biguanide + insulin 0 1 (1.1) 2 (2.2) 3 (1.1)
Biguanide + sulphonylurea 1 (1.1) 0 0 1 (0.4)

AHA, antihyperglycaemic agent; mITT, modified intent-to-treat; PBO, placebo; CANA, canagliflozin; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like
peptide-1.
∗All subjects were on pioglitazone.
†Including α-glucosidase inhibitors, GLP-1 agonists, glinides and other AHAs.
‡Including basal + bolus insulin, basal insulin alone and bolus insulin alone.
§Subset of subjects on combinations of the AHAs listed above.
¶Including α-glucosidase inhibitors, thiazolidinediones, DPP-4 inhibitors, GLP-1 agonists, glinides and other AHAs.

0
–0.8

–0.4

–0.2

0

0.2

–0.6

Time point (wk)

LS mean
change

–0.03%

–0.33%

–0.44%

–0.30%
p <0.05
95% CI (–0.5, –0.1)

–0.40%
p <0.001
95% CI (–0.6, –0.2)

LS
 m

ea
n 

ch
an

ge
 (

±S
E

) 
in

 H
bA

1c
fr

om
 b

as
el

in
e 

(%
)

Baseline (%)
CANA 300 mg

8.0
CANA 100 mg

7.9
PBO

8.0

0

40

60

80

100

20

CANA 300 mgCANA 100 mgPBO

*
27.3

17.2

P
er

ce
nt

ag
e 

of
 s

ub
je

ct
s

*
32.6

HbA1c <7.0%

0 6

Time point (wk)

LS mean
change

0.03 mmol/l
(0.5 mg/dl)

–0.65 mmol/l
(–11.7 mg/dl)
–0.83 mmol/l
(–14.9 mg/dl)

–0.67 mmol/l†
95% CI (–1.4, 0.1)
(–12.2 mg/dl)
(95% CI [–25.4, 1.0])

–0.85 mmol/l*
95% CI (–1.6, –0.1)
(–15.4 mg/dl)
(95% CI [–28.5, –2.3])

LS
 m

ea
n 

ch
an

ge
 (

±S
E

) 
in

 F
P

G
fr

om
 b

as
el

in
e 

(m
m

ol
/l)

Baseline (mmol/l)
CANA 300 mg

8.8
CANA 100 mg

9.4
PBO
8.9

–1.4

–1.2

–1.0

–0.8

–0.6

–0.4

–0.2

0

0.2

0.4

0.6

Baseline (mg/dl) 158.5169.4160.8

0 6

Time point (wk)

LS mean
% change

0.3%
(0.2 kg)

–1.2%
(–1.2 kg)
–1.5%

(–1.4 kg)

–1.6%‡

95% CI (–2.3, –0.8)
(–1.4 kg)
(95% CI [–2.1, –0.7])

–1.8%‡

95% CI (–2.6, –1.0)
(–1.6 kg)
(95% CI [–2.3, –0.9])

LS
 m

ea
n 

%
 c

ha
ng

e 
(±

S
E

)
in

 b
od

y 
w

ei
gh

t f
ro

m
 b

as
el

in
e

Baseline (kg)
CANA 300 mg

90.2
CANA 100 mg

90.5
PBO
92.8

–2.0

–1.5

–1.0

–0.5

0

0.5

1.0

2618126

2618123 2618123

A

C

B

D

Figure 2. Effects on efficacy parameters (LOCF). Change in HbA1c (A), proportion of subjects reaching HbA1c <7.0% (B), change in FPG (C), and
percent change in body weight (D). LOCF, last observation carried forward; FPG, fasting plasma glucose; PBO, placebo; CANA, canagliflozin; LS, least
squares; SE, standard error; CI, confidence interval; NS, not significant. *Statistical comparison for CANA versus PBO not performed owing to multiplicity
control. †p = NS for CANA versus PBO. ‡Statistical comparison for CANA versus PBO not performed (not prespecified).

Safety

Overall Safety and Tolerability. The overall incidence of AEs,
serious AEs and study discontinuations due to AEs was similar
for canagliflozin 100 and 300 mg and placebo (Table 4). The
incidence of drug-related AEs was higher in both canagliflozin

groups compared with placebo, largely because of a higher

incidence of several specific AEs discussed below.

Canagliflozin was associated with slightly higher rates of

genital mycotic infections in males and females compared with

placebo (Table 4), but incidences were low across groups and

2013 doi:10.1111/dom.12090 5

Inhibiteurs SGLT2
Dapagliflozin
Canagliflozin

Thursday, September 10, 15



Inhibiteurs SGLT2
Dapagliflozin
Canagliflozin

Placebo 100 mg 300 mg

A1c
(%)

- 0,14 - 0,52
(- 0,91)

- 0,62
(-1,16)

Poids
(kg)

- 0,5 - 2,0
(-2,2)

- 2,4
(-3,3)

TAs
(mm Hg)

- 1,6 - 4,4
(-3,7)

- 6,0
(-5,4)

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/UCM336236.pdf.  Consulté 
le 21 mars 2015.
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• ↓ HbA1c de 0.5-1.0%;

๏ Non-inférieur à sitagliptin

๏ Supérieur à glimepiride

๏ 300 mg ajoute une réduction de 0.1% to 0.25%

• ↓ poids de 2-3 kg;

• Petite baisse de TA systolique;

• Moins efficace en IRC.

Efficacité
Glycosuriques Dapagliflozin

Canagliflozin
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Inhibiteurs SGLT2
Effets indésirables

1Nauck et al. Diabetes Care. 2011.
2Strojek et al. Diabetes Obes Metab. 2011.
3Rosenstock et al. Diabetes Care. 2012.
4Wilding et al. Diabetes Care. 2009.

Glycosuriques Dapagliflozin
Canagliflozin

Comparateur Canagliflozin

vs Glipizide1 39,7% 3,4%

vs Placebo2 4,7% 7,5%

vs Sitagliptin3 5% 0 - 6%

vs insuline4 Insuline seule
13%

Cana + insuline
27%

Thursday, September 10, 15



• Infections urinaires

๏ ↑ RR 1.44 (vs placebo) (absolu: 8.8%)

๏ Pas d’infection haute

Presented at the FDA Endocrinologic and Metabolic Drugs Advisory Committee Meeting, July 19, 2011.
Stenlöf et al. Diab Obes Metab. 2013.

Inhibiteurs SGLT2
Effets indésirablesGlycosuriques Dapagliflozin

Canagliflozin
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• Infections génitales

• ↑ RR 3.42 (vs placebo) (absolu: 9.5%)

Inhibiteurs SGLT2
Effets indésirablesGlycosuriques Dapagliflozin

Canagliflozin
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Effets indésirables
HypovolémieGlycosuriques Dapagliflozin

Canagliflozin

 

 
  

 

 

 

 

 

Figure 5: Kaplan-Meier Plot of Time to First Volume Depletion Adverse Event - DIA3008 
Interim Analysis 

Source: ISS, Figure 15 

3.6 Renal Safety 

As discussed, canagliflozin increases urinary glucose excretion, which leads to an osmotic 
diuresis.  In Phase 1 trials, the increase in urine volume occurred and peaked on Day 1 post-
dosing, and attenuated over time.  Changes in renal function including increases in serum 
creatinine and blood urea nitrogen (BUN) were observed in Phase 1 trials with canagliflozin, 
along with increases in hemoglobin and reductions in systolic and diastolic blood pressure. 

In order to evaluate renal changes induced by canagliflozin, subjects were regularly monitored 
for their renal function throughout Phase 3 trials.  Pre-specified renal-related adverse events were 
prospectively defined, collected, and adjudicated by a blinded endpoint committee in the entire 
Phase 3 program.  In addition, the applicant conducted a dedicated Phase 3 efficacy trial 
(DIA3004) in subjects with moderate renal impairment who had an estimated GFR ranging from 
30 to less than 50 mL/min/1.73m2 at study entry. At NDA submission, DIA3004 data up to 
Week 26 was provided. The controlled extension period of DIA3004 is still ongoing, and upon 
study completion will provide further information about safety of canagliflozin in this 
population. 

Due to renal-related concern with canagliflozin, we consulted the Division of Cardiovascular and 
Renal Products (DCRP) for a review of renal safety findings associated with canagliflozin.  
Renal-related findings are briefly summarized here, and are discussed in more detail in Dr. Aliza 
Thompson’s review.   
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• Effet dose-dépendant

๏ Réversibilité

๏ Baisse de la TA suggère une réduction 
hémodynamique du TFGe

๏ RACU abaissé suggère aussi une 
réduction hémodynamique du TFGe

Effets indésirables
Changement du TFGeGlycosuriques Dapagliflozin

Canagliflozin
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• Effet dose-dépendant

๏ Réversibilité

๏ Baisse de la TA suggère une réduction 
hémodynamique du TFGe

๏ RACU abaissé suggère aussi une 
réduction hémodynamique du TFGe

Effets indésirables
Changement du TFGeGlycosuriques Dapagliflozin

Canagliflozin
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• Populations à risque

๏ TFG < 60 mL/min/1.73m2

๏ Âge > 65 ans

๏ Diurétiques

๏ IECA/ARA

Effets indésirables
Changement du TFGeGlycosuriques Dapagliflozin

Canagliflozin
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Glycosuriques

• Les inhibiteurs du SGLT2 sont une classe 
prometteuse d’agents hypoglycémiants

๏ Efficace pour abaisser la glycémie

๏ Effets extraglycémiques pouvant réduire les 
complications à long terme (poids, TA)

๏ Aucune étude sur issues “hard”

๏ Aucune étude à long terme

Glycosuriques Dapagliflozin
Canagliflozin
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Glycosuriques
Résumé

• Moins efficace en IRC stade III

๏ On ne s’attend pas à une efficacité aux stades IV-V

๏ Bien toléré

• Petite augmentation des infections urinaires basses

• Augmente la diurèse osmotique et l’hypovolémie

๏ À exploiter dans certaines populations?

๏ Certaines populations plus à risque

• Abaisse le TFGe par un mécanisme hémodynamique

• Hyperkaliémie

Glycosuriques Dapagliflozin
Canagliflozin
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Sensibiliseurs
IRCGlycosuriques

Dapagliflozin
Canagliflozin

Dapagliflozin
Canagliflozin
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Sensibiliseurs
IRCGlycosuriques

Dapagliflozin
Canagliflozin

6045

100 mg
Dapagliflozin
Canagliflozin
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Les HGO
↓ absorption intestinale du glucose

Sécrétagogues
Sensibiliseurs

Glycosuriques

Acarbose (Glucobay)

Exenatide (Byetta)
Liraglutide (Victoza)

Repaglinide (GlucoNorm)
Nateglinide (Starlix)

Glyburide (Diabeta)
Glimepiride (Amaryl)

Gliclazide (Diamicron)

Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Linagliptin (Trajenta)

Rosiglitazone (Avandia)
Pioglitazone (Actos)

Metformin (Glucophage) Dapagliflozin
Canagliflozin
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Les HGO

↓ absorption intestinale du glucose
Sécrétagogues

Sensibiliseurs
Glycosuriques

HbA1c ↓ 0,5 - 1,0%

Sulfo: ↓ 1,0 - 2,0% Biguanides: ↓1,5 - 2,0% ↓ 0,5 - 1,0 %

HbA1c ↓ 0,5 - 1,0%
Méglitinides: ↓ 0,5 - 1,0% TZD: ↓ 1,0 - 1,5%

HbA1c ↓ 0,5 - 1,0%
Agonistes GLP1: ↓1,0 %

HbA1c ↓ 0,5 - 1,0%

Inhib DPP-4: ↓ 0,5 - 0,74%

Poids Poids stable

Sulfo: ↑ poids Biguanides: ↓ poids

Poids Poids stable
Méglitinides: ↑ poids TZD: ↑ poids

Poids Poids stable
Agonistes GLP1: stables

Poids Poids stable

Inhib DPP-4: ↓ poids

Hypoglycémie non

Sulfo: oui

Non NonHypoglycémie non
Méglitinides: oui

Non NonHypoglycémie non
Agonistes GLP1: non

Non NonHypoglycémie non

Inhib DPP-4: ↓ non

Non Non
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Adapté de YALE, JF. 2013-02.

↓ absorption intestinale du glucose Sécrétagogues

Sensibiliseurs Glycosuriques

Dapagliflozin
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Acarbose

30 50

Glyburide

15

Gliclazide & glimepiride

Repaglinide

Nateglinide

Linagliptin

25

2,5 mgSaxagliptin

Sitagliptin 50 mg25 mg

500 mg bidMetformin
Thiazolidinediones

Exenatide et liraglutide

Adapté de YALE, JF. 2013-02.

↓ absorption intestinale du glucose Sécrétagogues

Sensibiliseurs Glycosuriques

6045

100 mgCanagliflozin

Diamicron & Amaryl

Diabeta

Starlix

Gluconorm

Januvia

Onglyza

Trajenta

Byetta & Victoza

Glucophage

Avandia, Actos

Invokana

Glucobay

Dapagliflozin Forxiga
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