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SGLT2	inibitori	nel	DM2		
una	nuova	fron5era	terapeu5ca?	







Glucose	
excre5on	

G
lu
co
se
	fl
ux
	

Plasma	glucose	(mmol/l)	

SGLT2, sodium glucose cotransporter 2; T2D, Type 2 Diabetes; Tmax, maximal renal tubule glucose re-absorption capacity. 
1. Gerich JE. Diabet Med. 2010;27:136–142; 2. Adapted from: Nair S, Wilding JP. J Clin Endocrinol Metab. 2010;95:34–42.  

Renal glucose re-absorption and excretion  
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Tmax is the transport maximum 
for glucose (maximum glucose 
re-absorption) 

The amount of glucose filtered 
increases linearly with increasing 
plasma glucose concentration 

...reducing the amount of 
glucose excreted at a given level 
of blood glucose 

Above a certain threshold of 
plasma glucose, glucose 
appears in the urine 

Glucose	
filtra5on	

Glucose re-absorption is 
increased in T2D... 

Tmax	

SGLT2 inhibitors lower the 
amount of glucose that can be 
re-absorbed, i.e., lower the renal 
threshold/Tmax 

This increases glucose excretion 
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EMA	approval	 11/2012 11/2013 2/2014 
FDA	approval	 1/2014 3/2013 8/2014 
SGLT2	
selec5vity	over	
SGLT1	

1:1200 1:414 >1:2500 

Posology	 5-10 mg 100-300 mg 10-25 mg 
Half-life	 17 h 12-15 h 10-19 h 
Absorp5on	
(picco)	

1.5 h 2.8-4 h 1.5 h 



Consistent decreases in HbA1c from baseline  
at week 24 across all dapagliflozin studies 
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*p <0.001 compared with placebo  * 

* * * * * 

1Ferrannini E, et al. Diabetes Care 2010;33:2217-24. 2Bailey CJ, et al. Lancet 2010;375:2223-33. 3Jabbour et al., . Diabetes Care. 2014 Mar;37(3):740-750. 
; 4Strojek K, et al. Diabetes Obes Metab 2011;13:928-38.  
5Rosenstock J, et al. Diabetes Care. 2012;35(7):1473-1478. 6Wilding J, et al. Ann Intern Med. 2012;156(6):405-415. 
7Henry R, et al. Int J Clin Pract. 2012;66(5):446-456. 
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Canagliflozin compared with sitagliptin for patients with type 2 diabetes  who do 
not have adequate glycemic control with metformin plus sulfonylurea: a 52-week 
randomized trial. 
Schernthaner G1, Gross JL, Rosenstock J, Guarisco M, Fu M, Yee J, Kawaguchi 
M, Canovatchel W, Meininger G.	
	

Diabetes	Care.	2013	Sep;36(9):2508-15	



24-week empagliflozin monotherapy versus placebo and sitagliptin  
Proportion of patients who reached HbA1c < 7%  

Empagliflozin	
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p	<	0.0001	

p	<	0.0001	

p	<	0.0001	

p	=	0.2349	

p	=	0.5138	

HbA1c, glycosylated haemoglobin; QD, once daily. 
Analysis of patients who reached HbA1c < 7.0% at Week 24, used non-completers considered to be failures imputation.  
Roden M, et al. Lancet Diabetes Endocrinol. 2013; 1: 208–19. 



Reduction in post-prandial glucose at Week24  
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Dapagliflozin Placebo

Statistically significant versus placebo by hierarchical testing rule (p<0.001); adjusted mean change from baseline 
using ANCOVA, excluding data after rescue (LOCF); SU=sulphonylurea;  

Strojek K, Diab Obes Metab 2011;13: 928–938; Food & Drug Administration. Endocrinologic and Metabolic Drugs Advisory Committee: Dapagliflozin BMS-512148. Available from: 
http://tinyurl.com/7kjf5j7 (Accessed February 2012) 



L.A.	Gallo	et	al.	Diabetes	&	Vascular	Disease	Research	﻿1–12;	2015	DOI:	10.1177/1479164114561992	



The role of SGLT2 in the diabetic kidney: potential for 
blood glucose-dependent effects of SGLT2 inhibition 

on the cardiovascular system 

Vallon	V.	Annu.	Rev.		Med.	2015.	66:255-70	



Weir	R.	et	al.	
	J.	Clin	Hyper.		
2014	16	(12):875-82	

Changes	on	SBP	
and	DBP	

for	pa5ents	taking	
or	not	taking	

an5hypertensive	
medica5ons	



G.	Maliha	et	al.	Journal	of	the	American	
Society	of	Hypertension	9(1)	(2015	



Effect of canagliflozin on serum uric acid in 
patients with type 2 diabetes mellitus 

A)	Percent	change	in	serum	
uric	acid	levels	in	the	overall	
pooled	cohort	

Davies	et	al.	Diabetes,	Obesity	and	Metabolism	2015.doi:10.1111/dom.12439	

B)	Percent	change	in	serum	uric	
acid	levels	in	the	subset	of	
pa5ents	with	hyperuricaemia	
(baseline	serum	uric	acid	≥8mg/
dl).	

In	the	cohort	with	hyperuricaemia,	the	
propor2on	of	pa2ents	achieving	serm	
uric	acid	levels<6mg/dl	at	week	26	

was	23.5%	for	canagliflozin	100mg	and	
32.4%	for	canagliflozin	300mg	

compared	with	3.1%	for	placebo	



LOCF,	last	observa5on	carried	forward;	LDL-C,	low-density	lipoprotein	cholesterol;	HDL-C,	high-density	lipoprotein	cholesterol;	LS,	least	squares;	SE,	standard	error;	PBO,	
placebo;	CANA,	canagliflozin;	NS,	not	significant.		
*P	=	NS	for	CANA	100	and	300	mg	vs	PBO	for	triglycerides;	Sta5s5cal	comparison	for	CANA	100	and	300	mg	vs	PBO	not	performed	(not	pre-specified)	for	LDL-C,	LDL-C/
HDL-C,	and	non–HDL-C.	
‡Unit	of	mol/mol	for	LDL-C/HDL-C.	
‡P	<0.001	vs	PBO.		
§P	<0.01	vs	PBO.		

LDL-C	 HDL-C	Triglycerides	 LDL-C/HDL-C	 Non–HDL-C	

Baseline	(mmol/L)†	

LS	mean	change		
(mmol/L)†		

2.2     2.0     2.0   3.1     3.1    2.9  1.1    1.2    1.2 2.9     2.7     2.6  

0.07 –0.16 –0.18 –0.07  0.00  0.12 0.04   0.11  0.11 –0.16 –0.22 –0.12 –0.05  –0.05  0.04 

4.1     3.9     3.7 

Change in Fasting Plasma Lipids at Week 26 (LOCF)*- 
Canagliflozin monotherapy 

Stenlof	et	al.	Diabetes	Obes	Metab.	2013;15(4):372-82.		
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Add on to Metformin vs Glimepiride: Changes in Body 
Composition and Weight  

Weight Loss Over Time 
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Week BL 4 8 12 18 26 36 44 52 

-5.7%* 
(-4.7 kg) 

BL	Mean	Body	Weight	(kg):	86.6	
N	=1450		

CANA	300	mg	CANA	100	mg	Glimepiride	

-5.2%* 
(-4.4 kg) 

52 week data  

Toubro	S.	et	al. Poster presented CODHy, 2012; Barcelona, 
Spain. 
Cefalu	WT	et	al.	Lancet.	2013;	382(9896):941-50.		

Weight	changes	rela5ve	to	glimepiride	in	DXA	analysis	subgroup	
(-5.3	kg	and	-5.0	kg	for	CANA	100	mg	and	300	mg,	respec5vely)	
were	similar	to	overall	cohort.	



Curr	Opin	Nephrol	Hypertens	2015,	24:96–103;	DOI:10.1097/MNH.0000000000000084	

GFR,	glomerular	filtra5on	rate;	
SGLT2,	sodium–glucose	cotransporter-2;	TGF,	tubuloglomerular	feedback.	

Tubuloglomerular	feedback	and	sodium–glucose	
cotransporter-2	inhibi2on	



2. DIABETE TIPO 2  
 
RACCOMANDAZIONI  
 
Numerosi trial clinici randomizzati dimostrano che, in aggiunta a metformina, 
sulfoniluree, repaglinide, acarbose, pioglitazone, inibitori di DPP-4 (gliptine), 
agonisti del recettore del GLP-1, inibitori di SGLT-2 (gliflozine) e insulina 
sono capaci di ridurre significativamente la HbA1c, con effetto tanto 
maggiore quanto più alto è il valore di partenza (Livello della prova I, Forza 
della raccomandazione A) 
 
Nei pazienti con pregressi eventi cardiovascolari maggiori non 
sufficientemente controllati con la metformina, o con intolleranza o 
controindicazioni alla metformina, gli inibitori SGLT-2 dovrebbero essere 
considerati farmaci di prima scelta (Livello della prova II Forza della 
raccomandazione B).  





Multicentre (590 sites in 42 countries), randomized, double 
blind, placebo controlled trial 
 
PATIENTS 
! Adults (≥18 ys) diabetic patients (pts) with a BMI ≤45 Kg/m2 and an eGFR 
≥30 ml/min/1.73 m2 

 

! Established CV disease defined as prior myocardial infarction (MI), 
coronary artery disease, stroke, unstable angina or occlusive peripheral 
arterial disease 
 
! Glucose-lowering therapy (GLT) 

A.  no GLT for at least 12 weeks before randomization and 7.0% ≤HbA1c ≤9.0% 
B.  stable GLT for at least 12 weeks before randomization and 7.0% ≤HbA1c 

≤10.0% 

 
 



I.  Primary outcome (3-point MACE): a 
composite of death from CV causes, 
nonfatal MI (excluding silent MI) or 
nonfatal stroke 

II.  Key secondary outcome: a composite of 
the primary outcome + hospitalization 
for unstable angina 

ADVERSE EVENTS OF SPECIAL INTEREST 
 
" Hypoglycemic adverse events (≤70 mg/dl) 
" Urinary tract infection (UTI), genital infection 
" Volume depletion, acute renal failure, diabetic ketoacidosis 
" Bone fracture, thromboembolic events  
 



Zinman B et al. N Engl J Med 2015;373:2117-2128. 

Cardiovascular Outcomes and Death from Any Cause. 



American Heart Journal Volume 166, Number 2  

Rationale, design, and baseline characteristics 
of the Canagliflozin Cardiovascular 
Assessment Study (CANVAS)   
A randomized placebo-controlled trial 
Bruce Neal, PhD, a,g Vlado Perkovic, PhD, a,g Dick de Zeeuw, PhD, b,g Kenneth 
W. Mahaffey, MD, c,g Greg Fulcher, MD, d,g 
Peter Stein, MD, e,g Mehul Desai, MD, e,g Wayne Shaw, DSL, e,g Joel Jiang, 
PhD, e,g Frank Vercruysse, MD, e,g 
Gary Meininger, MD, e,g and David Matthews, DPhil f,g New South Wales, 
Australia; Groningen, The Netherlands; 
Durham, NC; Raritan, NJ; and Oxford, United Kingdom 





Change	from	baseline	in	Plasma	Volume	(PV),	Urinary	
Glucose	Excre5on	(UGE)	and	24-h	urine	volume	

Least	squares	mean	(s.e.)	percent	change	in	plasma	volume	at	
weeks	1	and	12.		
CANA,	canagliflozin;	LS,	least	squares;	PBO,	placebo;	PV,	plasma	
volume;	s.d.,	standard	devia5on;	s.e.,	standard	error.	*p=0.02	vs.	
PBO;	†p=0.076	vs.	PBO	

Least	squares	mean	(s.e.)	change	in	urinary	glucose	excre2on	
at	weeks	1	and	12.		
CANA,	canagliflozin;	PBO,placebo;	LS,	least	squares;	s.e.,	
standard	error;	UGE,	urinary	glucose	excre5on	

Sha	S.	et	al.	Diabetes,	Obesity	and	Metabolism	16:	1087–1095,	2014.	

24-h urine volume, ml Placebo CANA 300mg Difference vs placebo 
(IC95%) 

Mean (s.d.) baseline value 3272.2 (1231.8) 3100.2 (844.9) 

ΔLSM (s.e.) at week 1 108.3 (194.4) 269.3 (200.1) 161.0  
(−397.6, 719.6) 

ΔLSM (s.e.) at week 12 100.4 (194.4) 149.1 (200.1) 48.7  
(−509.9, 607.3) 







Treatment with an SGLT2 inhibitor:  
clinical benefits in type 2 diabetes mellitus 

1Holman	RR,	et	al.	N	Engl	J	Med	2008;359:1577-89;	2Neumiller	JJ.	Drugs	2010;70:377-85;	3Lo	MC,	et	al.	Am	J	Ther	2010			

Insulin-independent mechanism3 

•  Efficacy at all stages of the disease 
•  Possibility of combination with 

antihyperglycaemics of other classes2 

•  Stable control in combination with insulin 
and insulin secretagogues2 

Loss of excess calories2,3 

•  Sustained weight loss2 

•  Mitigation of weight gain caused by 
antihyperglycaemics of other classes2 

Sustained glucose lowering 
•  Potential prevention of 

microvascular morbidity1 

•  Decrease in glucotoxicity2 

Osmotic diuresis 
•  Initial weight loss2 

•  Decrease in blood 
pressure2 

SGLT2 

29 



HbA1c 
>6,5% 
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Profilo del paziente tipo SGLT2 inibitore 

Cautele Vantaggi 

GFR ridotto 





Compensatory metabolic adaptations 
to SGLT2 inhibition 

Rajeev	SP.		Diabetes	Obes	Metab.	2015.	[Epub	ahead	of	print]		








