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Consensus recommendation

• Providers and healthcare systems should prioritize the delivery of 
patient-centered care.

• All people with type 2 diabetes should be offered access to ongoing 
DSMES (Diabetes self-management education and support) programs.

• Facilitating medication adherence should be specifically considered 
when selecting glucose-lowering medications.









• Consider a history of CVD very early 
• Early consideration of weight, hypoglycaemic risk, treatment cost



Atherosclerosis 272 (2018) 33e40

CV outcome trials with DPP4 inhibitors, GLP1 
receptor agonists, and SGLT2 inhibitors 









1.Proven CVD benefit it has label indication of reducing CVD events.

For GLP-1 RA strongest evidence for
liraglutide > semaglutide > exenatide extended release.

For SGLT2i evidence modestly stronger for 

empagliflozin > canagliflozin
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CVOT of GLP-1RA
ELISA1 EXSCEL2 LEADER3 SUSTAIN-64 HARMONY5 REWIND6

商品名 Lyxumia Bydureon Victoza Ozempic
台灣未上市

Tanzeum
台灣未上市

Trulicity

學名 Lixisenatide Exenatide ER Liraglutide Semaglutide Albiglutide Dulaglutide

人數 6,068 14,000 9,340 3,297 9,463 9,901

追蹤時間 (年) 2.1 3.2 3.8 2.1 1.6 6.5

CVD(%) 100% 70% 81% 83% 100% 31%

3P MACE 1.02 (4p MACE) 0.91 0.87* 0.74* 0.78* 尚未發表

CV death 0.98 0.88 0.78* 0.98 0.93

MI 1.03 0.97 0.88 0.74 0.75*

Stroke 1.12 0.85 0.89 0.61* 0.86

HHF 0.96 0.94 0.87 1.11 0.85

BW change -0.7 -1.27 -2.3 kg -2.9~-4.3 -0.83

TW-6615_FOR_18/10/2018
1. Pfeffer MA et al. N Engl J Med. 2015 Dec 3;373(23):2247-57. 
2. N Engl J Med. 2017 Sep 28;377(13):1228-1239. 
3. Marso SP et al. N Engl J Med. 2016 Jul 28;375(4):311-22.

4. Marso SP et al. N Engl J Med. 2016 Nov 10;375(19):1834-1844
5. Lancet. 2018 Oct 1. pii: S0140-6736(18)32261-X. 
6. Diabetes Obes Metab. 2018 Jan;20(1):42-49. 
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4P MACE

3P MACE 3P MACE

1
6 3 CVOTs With SGLT2 Inhibitors

*It is randomized 17,160 patients with T2DM and either known cardiovascular disease (secondary prevention cohort) or at least two risk factors for CV disease (primary prevention 
cohort)
CV, cardiovascular; CVOT, cardiovascular outcomes trial; MI, myocardial infarction; SGLT2. sodium–glucose co-transporter 2
1. Zinman B, et al. N Engl J Med 2015;373:2117–2128; 2. Bruce Neal et al. N Engl J Med. 2017 Jun 12. doi: 10.1056/NEJMoa1611925.; 3. 
https://clinicaltrials.gov/ct2/show/NCT01730534

https://clinicaltrials.gov/ct2/show/NCT01730534


CVD and Non-CVD proportion in 3 CVOTs of SGLT2i

CVD 7,020 pt’s
CVD 6,971 pt’s

Non-CVD 10,189 pt‘s
Total 17,160 pt‘s

CVD 6,656 pt’s
Non-CVD 3,486 pt‘s

Total 10,142 pt‘s
CVD, cardiovascular disease; CVOT, cardiovascular outcome trials; SGLT2i, sodium -glucose co-transporter 2 inhibitor; T2D, type 2 diabetes
1. Zinman B, et al. Cardiovasc Diabetol. 2014 Jun 19;13:102.; 2. Neal B, et al. N Engl J Med. 2017 Aug17;377(7):644-657;
3. Raz I, et al. Diabetes Obes Metab. 2018 Jan 11. doi: 10.1111/dom.13217.
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For internal scientific knowledge/training purpose only. Not distribute externally.
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EMPA-REG1 (RCT, 100% CVD)

CANVAS2 (RCT, 66% CVD)

1. N Engl J Med 373:2117-28 (2015); 2. N Engl J Med Jun 12 (2017). doi: 10.1056/NEJMoa1611925. 3. Lancet Diabetes Endocrinol. 2017 Sep;5(9):709-717.

MACE

MACE

14%

14%

4.3 : 3.7 (per 100 patient-years)

3.2 : 2.7 (per 100 patient-years)

Lower MACE incidence of SGLT2i in RCT
DECLARE –TIMI (RCT, 30.6% CVD)

MACE



Zelniker TA et al. Lancet. 2018 Nov 9. pii: S0140-6736(18)32590-X. 
doi: 10.1016/S0140-6736(18)32590-X.

Meta-analysis of MACE result by ASCVD vs MRF

AstraZeneca does not recommend the use of dapagliflozin for indication other than T2DM.

P for interaction
=0.63
P value for risk 
reduction across 
subgroups was 0.63



Comparison of the effects of canagliflozin (CANVAS focus on 
CVD Patient) and empagliflozin (EMPA-REG OUTCOME) on 
the key outcomes 

2
0

N Engl J Med 2015; 373:2117-28 (Ref. 12)

Hazzard Ratio (95% Cl)

CV death, non-fatal MI, 
non-fatal stroke

0.5 1.0 2.00.25

l
n

l
nCV death

non-fatal MI

non-fatal stroke

l

l
n

n

CANVAS Program
EMPA-REG Program

0.82(0.72-0.95)
0.86(0.74-0.99)

0.86(0.70-1.06)
0.62(0.49-0.77)
0.79(0.63-0.99)
0.87(0.70-1.09)
0.88(0.67-1.16)
1.24(0.92-1.67)

Circulation 2018 Jan 23;137(4):323-334 (Ref.14)

CANVAS (CVD Patient) vs EMPA-REG



MACE MI CVD Stroke

CANVAS EMPA-
REG CANVAS EMPA-

REG CANVAS EMPA-
REG CANVAS EMPA-

REG

Active (pt/ 1,000pt-yr) 34.1 37.4 12.5 16 14.8 12.3 8.8 11.2

Placebo ( pt/ 1,00pt-yr) 41.3 43.9 16 18.5 16.8 20.2 10.4 9.1

Hazard Ratio 0.82 0.86 0.79 0.87 0.86 0.62 0.88 1.24

2
1

21
DOI: 10.1161/CIRCULATIONAHA.117.032038
N Engl J Med 2015; 373:2117-28 (Ref. 12)

Comparison of the effects of canagliflozin (CANVAS focus on 
CVD Patient) and empagliflozin (EMPA-REG OUTCOME) on 
the key outcomes 

CANVAS (CVD Patient) vs EMPA-REG



Consensus 
recommendation
• Among patients with type 2 diabetes 

who have established ASCVD 
(atherosclerotic cardiovascular disease), 
SGLT2 inhibitors or GLP-1 receptor 
agonists with proven cardiovascular 
benefit are recommended as part of 
glycaemic management.



3.Both empagliflozin and canagliflozin have shown   
reduction in HF and reduction in CKD progression 
in CVOTs

4.Degludec or U100 glargine have demonstrated CVD safety
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2018 DAROC Clinical Practice Guidelines for Diabetes Care

AstraZeneca does not recommend the use of dapagliflozin for indication other than
T2DM.

DAROC Clinical Practice Guidelines for Diabetes Care- 2018, Taiwan, Diabetes Association of the R.O.C., 2018
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Heart failure and peripheral 
arterial disease are the most 
common initial 
manifestations of 
cardiovascular disease in 
type 2 diabetes.

Shah AD, et al. Lancet Diabetes Endocrinol 2015;3:105–113

16.2%

14.1%

11.9%

11.5%

10.3%

Heart failure was defined by coded diagnoses in 
primary care, secondary care and death certificates.



The presence of HF in patients with diabetes is 
associated with an increased risk of death

HF, heart failure; DRG, diagnosis related group
Bertoni AG, et al. Diabetes Care. 2004;27:699–703.
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Diabetes with incident heart failure
(n=46,720)

Diabetes, without heart failure
(n=69,083)

P <0.001

• 115,803 adults 65 years and older 
in fee-for-service Medicare 
without a prior HF claim were 
followed for 
5 years

• Incident HF was determined using 
DRG codes

• Survival was significantly lower in 
those who developed HF 
compared with those without HF
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MACE of EMPA-REG

100% CVD
patients

P=0.04
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HHF & CV death
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CV death of EMPA-REG

Sudden cardiac death may  
occur in 40% of patients 
who  suffer from heart 
failure1.

-0.5%
-0.6%

-0.2%
-0.2%

1. Journal of the American College of Cardiology, Volume 30, Issue 7, December 1997 DOI: 10.1016/S0735-1097(97)00361-6
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Demographics and Disease History
EMPA-REG CANVAS DECLARE

Mean age, y 63.1 63.3 63.8

Female, % 28 35 37

Mean duration of diabetes, y 57% >10 y 14 50% >10 y

Hypertension, % 94 90 89

Cardiovascular disease, % 99 66 40

Myocardial Infarction, % 47 CAD: 56 20

Multi-vessel CAD, % 47 - 12

CABG, % 25 - 10

Stroke, % 23 19 6

PAOD, % 21 21 6

Heart failure, % Cardiac failure: 10 14 10
For the purpose of scientific medical exchange 
only



CANVAS: Hospitalization for Heart Failure3
1

N Engl J Med 2017; 377:644-657 (Ref. 9)



Lower HF hospitalization incidence of SGLT2i in RCT

32

EMPA-REG1

(RCT, 100% CVD)

RWE: real-world evidence
1. N Engl J Med 373:2117-28 (2015); 2. 2. Lancet Diabetes Endocrinol. 2017 Sep;5(9):709-717.

35%

1.5 vs 0.9 events per 100 patient-years
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DECLARE TIMI:
Primary Endpoint – CV death or HHF

HHF: hospitalization for heart failure
Wiviott SD,  Raz I et al. N Engl J Med. 2018 Nov 10. doi: 10.1056/NEJMoa1812389.

AstraZeneca does not recommend the use of dapagliflozin for indication other than T2DM.
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• A national cohort study included 271,174 patients with T2DM 
• Median follow-up 5.7 years
• Swedish National Diabetes Register

Rawshani A et al. N Engl J Med. 2018 Aug 16;379(7):633-644. 
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StrokeAcute MI

Relative Importance of 
Risk Factors for 
Predicting Acute MI and 
Stroke among Patients 
with Type 2 Diabetes

Rawshani A et al. N Engl J Med. 2018 Aug 16;379(7):633-644. 
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Five risk factors: 
1. Elevated A1c (≥7.0%)
2. Elevated LDL (≥2.5 mmol; 97 mg/dl)
3. Elevated BP (≥140/80 mm Hg)
4. Albuminuria (presence of microalbuminuria 

or macroalbuminuria)
5. Smoking (current smoker)

Patients with more risk 
factors within target ranges 
are associated with lower risk 
of mortality

Patients
without diabetes

Rawshani A et al. N Engl J Med. 2018 Aug 16;379(7):633-644. 



37 Rawshani A et al. N Engl J Med. 2018 Aug 16;379(7):633-644. 

Heart Failure is still increased in patients 
with 5 risk factors within target ranges
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Heart Failure

http://trends.medicalexpo.com/project-43696.html
European Heart Journal (2016) 37, 2129–2200

HFrEF
(Heart failure with reduced ejection fraction) HFpEF (preserved)

LVEF<40%

~50% of all patients with heart failure have a normal EF

Myocardial injury
(ex. post-MI) 

Endothelial 
inflammation

↓
Cardiac 
dysfunction

(ex.Diabetes,
hypertension, 
obesity, 
metabolic 
syndrome, 
smoking)

LVEF ≥50%

http://trends.medicalexpo.com/project-43696.html


中華民國心臟學會-心衰竭委員會:心臟衰竭自我照護手冊 2016

Current HFrEF therapeutic classes 



In contrast, current HF classes with proven outcomes in HFrEF fail to 
improve outcomes in patients with HFpEF

CV,  cardiovascular; ACE, angiotensin converting enzyme; ACE-I, ACE inhibitor; ARB angiotensin receptor blocker; HR Hazard ratio
1. Cleland JG, et al. European Heart Journal (2006) 27, 2338–2345; 2. Yusuf s et al. Lancet 2003; 362: 777–81. 3. Massie BM et al. N Engl J Med 2008;359:2456-67.4. Pitt B, et 
al N Engl J Med 2014;370:1383-92.. 5. Ahmed A et al. Circulation. 2006 Aug 1;114(5):397-403.

Trial Drug (Class) Primary Endpoint Results

PEP-CHF1 Perindopril
(ACE-I)

Composite of all-cause mortality or unplanned 
heart failure related hospitalization

HR 0.92; 
(p=0.545)

CHARM-Preserved2 Candesartan
(ARB)

Composite of CV death or unplanned admission to 
hospital for the management of worsening HF

HR 0.89 
(p=0.12)

I-PRESERVED3 Irbesartan
(ARB)

Composite outcome of death from any cause or 
hospitalization for a CV cause (HF, MI, unstable 
angina, arrhythmia, or stroke).

HR 0.95;
(p=0.35)

TOPCAT4
Spironolactone
(Aldosterone 
antagonist)

Composite of death from CV causes, aborted 
cardiac arrest, or hospitalization for the 
management of heart failure.

HR 0.89
(p=0.14)

DIG-preserved5 Digoxin
Composite of heart failure hospitalization or heart 
failure mortality

HR 0.82
(p=0.136)



HF remains under-diagnosed in patients with T2D, suggesting a 
high index of suspicion is warranted

27.7% of a T2D population
had undiagnosed HF

• 581 patients aged 60 years or over with T2DM without 
cardiologist-confirmed diagnosis of HF

• An expert panel used the criteria of the ESC (European 
Society of Cardiology) to diagnose HF

• 27.7% were found to have previously unknown HF
• The majority of newly detected HF had HFpEF
• The prevalence of undiagnosed HF was higher:

− increasing age, hypertension, females, BMI ≥30 
kg/m2, patients with dyspnea, patients complaining 
of fatigue

• Screening of patients with T2D should be considered 
given the high prevalence of previously unknown HF

BMI, body mass index; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; T2D, type 2 diabetes.
Boonman-de Winter LJ, et al. Diabetologia. 2012;55:2154–2162.



42

All 4 CVOT of DPP4i demonstrated cardiovascular safety

SAVOR EXAMINE TECOS -

商品名 Onglyza Nesina Januvia Tradjenta Galvus

學名 Saxagliptin Alogliptin Sitagliptin Linagliptin Vildagliptin

人數 16,496 5,380 14,671 6,979 因肝指數異常，未
獲FDA核准，在美
國沒有上市，不用

做CVOT

Follow-up (year) 2.1 1.5 3.0 2.2

MACE 1.00 (0.89-1.12) 0.96 0.98 (0.88-1.09) 1.02 (0.89-1.17)

Neutral

TW-6615_FOR_18/10/2018

1. N Engl J Med. 2013 Oct 3;369(14):1317-26. 
2. N Engl J Med. 2013 Oct 3;369(14):1327-35.
3. N Engl J Med. 2015 Jul 16;373(3):232-42.
4. 54th Annual Meeting of European Association for the Study of Diabetes (EASD) 2018: Oral Presentation # S35. 
https://www.easd.org/virtualmeeting/home.html#!contentsessions/2873

2
1

3 4

https://www.easd.org/virtualmeeting/home.html
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3P MACE of CVOTs

2013 SAVOR1

2018 CARMELINA2

TW-6615_FOR_18/10/2018

1. N Engl J Med. 2013 Oct 3;369(14):1317-26. 2. 4. 54th Annual Meeting of European Association for the Study of Diabetes (EASD) 2018: Oral Presentation # S35. 
https://www.easd.org/virtualmeeting/home.html#!contentsessions/2873

https://www.easd.org/virtualmeeting/home.html
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Subgroup analysis 
TW-6615_FOR_18/10/2018

54th Annual Meeting of European Association for the Study of Diabetes (EASD) 2018: Oral Presentation # S35. 
https://www.easd.org/virtualmeeting/home.html#!contentsessions/2873

https://www.easd.org/virtualmeeting/home.html
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SAVOR1 EXAMINE TECOS3 CARMELINA4

Drug Saxagliptin Alogliptin Sitagliptin Linagliptin

HHF 1.27* (1.07-1.51)
1.07 (0.79-1.46)
無HF病史病患

1.76* (1.07-2.90)2
1.00 (0.83-1.20) 0.90 (0.74-1.08)

VIVIDD Trial

Vildagliptin

左心室容積增加5

SAVOR CARMELINA
TW-6615_FOR_18/10/2018

1. N Engl J Med. 2013 Oct 3;369(14):1317-26
2. Lancet. 2015 May 23;385(9982):2067-76.
3. N Engl J Med. 2015 Jul 16;373(3):232-42.
4. 54th Annual Meeting of European Association for the Study of Diabetes (EASD) 2018: Oral Presentation # S35. 
https://www.easd.org/virtualmeeting/home.html#!contentsessions/2873
5. JACC Heart Fail. 2018 Jan;6(1):8-17.

https://www.easd.org/virtualmeeting/home.html
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2018 ADA-EASD consensus:
TW-6615_FOR_18/10/2018

54th Annual Meeting of European Association for the Study of Diabetes (EASD) 2018: Oral Presentation # S41. 
https://www.easd.org/virtualmeeting/home.html#!contentsessions/2879

https://www.easd.org/virtualmeeting/home.html


HF warning by FDA

47

TW-6615_FOR_18/10/2018



HF warning by EMA

48

TW-6615_FOR_18/10/2018
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9

Cardiovascular outcomes associated with canagliflozin versus other non-gliflozin 
antidiabetic drugs: population based cohort study

BMJ 2018;360:k119
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Cardiovascular outcomes associated with 
canagliflozin versus DPP-4i and GLP-1 RA

(N=21,431)
(N=77,463)

(N=25,806)
(N=32,676)

BMJ 2018;360:k119

(CANA vs DPP-4i, HR=0.7)

(CANA vs GLP-1 RA, HR=0.61)

(CANA vs DPP4i, HR=0.89)

(CANA vs GLP-1 RA, HR=1.03)

-30%

-39%



1.Proven CVD benefit it has label indication of reducing CVD events.

For GLP-1 RA strongest evidence for
liraglutide > semaglutide > exenatide extended release.

For SGLT2i evidence modestly stronger for 

empagliflozin > canagliflozin
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TW-6615_FOR_18/10/2018
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TW-6615_FOR_18/10/2018



Consensus 
recommendation
• Among patients with ASCVD in whom 

HF coexists or is of special concern, 
SGLT2 inhibitors are recommended



Diabetes Obes Metab. 2018;1–13 (published on 2018/06/25)

5
5 Real-World Meta-Analysis of 4 

Observational Database (Observe-4D)

John Buse, former ADA President

內部訓練用資料請勿外流



5
6 Real-World Meta-Analysis of >700,000 US T2DM 

Patients in 4 Observational Databases (OBSERVE-4D)

• HHF(Hospitalization of Heart Failure)
CANA vs Non-SGLT2i ; HR = 0.39 (P<0.01)
CANA vs Other-SGLT2i ; HR = 0.90 (P=0.28)



5
7 Real-World Meta-Analysis of >700,000 US T2DM 

Patients in 4 Observational Databases (OBSERVE-4D)

• BKLE Amputation :
CANA vs Non-SGLT2i   :  HR = 0.75 (P=0.3)
CANA vs Other-SGLT2i :  HR = 1.14 (P=0.53)
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Amputation : CANVAS vs EMPA-REG

N Engl J Med 2017; 377:644-657 (Ref. 9) N Engl J Med 2015; 373:2117-28 (Ref. 12)

Country Year of Registration Number of 
Patients

Annual Incidence (%/yr)
Foot Ulcer Amputation

America1) 1993–95 8,905 1.9 0.3(3/1000p-yr)

(65% CVD)

(99% CVD)

(20% CVD)

內部訓練用資料請勿外流



5
9

Diabetes Obes Metab. 2017;1–8

Truven Marketscan Database for 
Amputation Risk with AHAs



6
0 Risk of lower extremity amputations in people with 

T2DM treated with SGLT2i in the USA

Diabetes Obes Metab. 2017;1–8



Progression of Albuminuria
6
1

N Engl J Med 2017; 377:644-657 (Ref. 9)



Composite of 40% Reduction in eGFR, 
End-stage Renal Disease, or Renal Death

6
2

N Engl J Med 2017; 377:644-657 (Ref. 9)



Primary & Secondary Prevention : Result 
of CANVAS

6
3

Circulation 2017;1-12 (Ref. 14)



CV Outcome by baseline eGFR
Result of CANVAS

6
4



6
5

https://www.janssen.com/phase-3-credence-renal-outcomes-trial-
invokanar-canagliflozin-being-stopped-early-positive-efficacy

CREDENCE Study Early Termination for 
Positive Findings



6
6

CREDENCE Study Design

Am J Nephrol 2017;46:462–472



Patient Enrollment and End Points6
7

The Canagliflozin and Renal Endpoints in Diabetes with 
Established Nephropathy Clinical Evaluation (CREDENCE) 

trial

4401

https://www.medscape.org



6
8 Rationale, Design, and Expected Results

● Background
-The effects of canagliflozin on kidney and CV events have not been studied in T2DM 
patients with established kidney disease.

●Objective
-CREDENCE trial aims to compare the efficacy and safety of canagliflozin vs placebo 
at preventing kidney and CV outcomes in T2DM patients with kidney disease.

●Methods
- CREDENCE is a randomized, double-blind, event-driven, placebo-controlled trial set in 

in 34 countries with a projected duration of ∼5.5 years and enrolling 4,401 patients.
- Primary outcome: the composite of end-stage kidney disease, doubling of serum  

creatinine, and renal or cardiovascular death. 

● Conclusion
- CREDENCE will provide definitive evidence about the effects of canagliflozin on renal 

(and cardiovascular) outcomes in patients with T2DM and established kidney disease.

Am J Nephrol 2017;46:462–472



Dapagliflozin 10 mg

DELIGHT: Study to Evaluate the Effect of Dapagliflozin With and Without Saxagliptin on 
Albuminuria, and to Investigate the Effect of Dapagliflozin and Saxagliptin on HbA1c in 
Patients With Type 2 Diabetes and CKD

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; T2DM, Type 2 diabetes mellitus; UACR, urine albumin:creatinine ratio
https://clinicaltrials.gov/show/NCT02547935

Placebo
Population:
•≥18 years of age
•History of T2DM for more than 12 months
•HbA1c≥7.0% and ≤11.0%
•eGFR 25–75 mL/min/1.73m2

•Micro or macroalbuminuria (UACR 30 - 3500 mg/g)
•Treatment with ACE inhibitor or an ARB for at least 3 
months prior to screening

Dapagliflozin 10 mg + Saxagliptin 2.5 mg

Primary endpoint:
• Change in HbA1c (dapagliflozin 10 mg + saxagliptin 2.5 mg) [ Time Frame: From baseline up to 24 weeks of 

treatment ]
• Percent change in Urine albumin to creatinine ratio (UACR)
(dapagliflozin 10 mg + saxagliptin 2.5 mg) [ Time Frame: From baseline up to 24 weeks of treatment ]
(dapagliflozin 10 mg) [ Time Frame: From baseline up to 24 weeks of treatment ]

Secondary endpoints:
• Percent change in total body weight, FPG
• Proportion of patients that achieve 30% reduction in UACR, HbA1c<7%
• Change in seated SBP, HbA1c

Ra
nd

om
iz

at
io

n
1:

1:
1

Actual Study Start Date: July 14, 2015
Actual Study Completion Date: May 18, 2018
Estimate Publication Date: Oct 3, 2018 (on EASD) 

N = ~459

24 weeks treatment

69 For the purpose of scientific medical exchange 
only

原本預計發表的DELIGHT，因為還在進一步分
析，EASD上沒有發表。

https://clinicaltrials.gov/show/NCT02547935
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14
降低14%的整體風險 (3-Point
MACE)，包含因心血管疾病死
亡(13%)、非致死性心肌梗塞
(15%)、或非致死性中風(10%)

33 降低33% 因心臟衰竭
住院風險

27 延緩27%蛋白尿
惡化情形

CANVAS 
試驗結論

CANVAS 試驗結論

N Engl J Med 2017; 377:644-657 (Ref. 9)



Consensus 
recommendation
• For patients with type 2 diabetes and 

CKD, with or without CVD, consider the 
use of an SGLT2 inhibitor shown to 
reduce CKD progression or, if 
contraindicated or not preferred, a GLP-
1 receptor agonist shown to reduce 
CKD progression



Energy Balance after SGLT2 inhibition7
2

Diabetes Care 38:1730–1735, 2015 (Ref. 19)

13% increase in energy intake

Body weight was stable after 24 weeks



EMPA-REG vs CANVAS : Body Weight

Body weight

7
3

EMPA-REG CANVAS

N Engl J Med 2017; 377:644-657 (Ref. 9)
N Engl J Med 2015; 373:2117-28 (Ref. 12)



7
4 Canagliflozin, dapagliflozin and empagliflozin 

for treating type 2 diabetes: Network Meta-analysis

Health Technology Assessment, No. 21.2 (Ref. 6)

HbA1c

BW



7
5

Intestine
SGLT1

Kidney
SGLT2

Effect of SGLT1 / SGLT2

• Main uptake mechanism for glucose 
and galactose in the intestine

• S2 and S3 segments of the proximal 
renal tubule are responsible for 
~10% of the renal glucose re-
absorption

• High-affinity (Km=~0.5 mM), 
low-capacity transporter which 
transfers glucose and sodium with a 
Na+:glucose coupling ratio of 2 

• Almost completely expressed in the 
brush-border membrane of proximal 
renal tubular cells in the S1 + S2 
segment

• Responsible for ~90% of the total 
renal glucose re-absorption

• Low-affinity (Km=~2 mM), 
high-capacity transporter which 
transfers glucose and sodium with a 
Na+:glucose coupling ratio of 1

1. Chao EC and Henry RR. Nat Rev Drug Discov. 2010;9:551–559; 
2. Mather A and Pollock C. Kidney Int Suppl. 2011;(120):S1–6; 
3. Wright EM, et al. J Intern Med. 2007;261:32–43.



Empagliflozin

Canagliflozin

Dapagliflozin

Selectivity
SGLT-1 : SGLT-2

1:2,500

1:1,200

1:414

7
6

Singh AK et al. Indian J Endocrinol Metab. 2015 Nov-Dec;19(6):722-30 (Ref. 16)

Structure and selectivity profiles 
for SGLT2 over SGLT1



Canagliflozin increase aGLP-1 
through SGLT1 inhibition 

7
7

Glucose

Canagliflozin Reduce 
Reabsorbtion

SGLT2
Inhibition Bloos Sugar 

Canagliflozin

SGLT1
Inhibition Glucose Retention GLP-1

L-cellIntestine

SGLT1
Inhibition Glucose Retention GLP-1



Canagliflozin Lowers Postprandial Glucose and Insulin 
by DelayingIntestinal Glucose Absorption in Addition 

to Increasing Urinary Glucose Excretion

7
8

Diabetes Care 36:2154–2161, 2013 (Ref. 17)



7
9 Effects of treatment with a combination of 

canagliflozin and teneligliptin during OGTT in ZDF rats

Journal of Pharmacological Sciences 127 (2015) 456-461 (Ref. 18)





Efficacy of Canagliflozin8
1

Metformin + Canagliflozin Dose-Ranging Study

*P˂.001 vs. placebo calculated using LS means

Mean Baseline 
A1C (%) 7.71     8.01   7.81    7.57    7.70    7.71    7.62

*

*

*

*
*

*

Diabetes Care 35:1232–1238, 2012 (Ref. 4)
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Monotherapy : A1c Reductions

1. Invokana® (capagliflozin) package insert. Titusville (NJ): Janssen Pharmaceuticals; May 2014.
2. Farxiga® (dapagliflozin) package insert. Prineton (NJ): Bristol-Myers Squibb; Aug 2014.
3. Jardiance® (empagliflozin) package insert. Ridgefield (CT): Boehringer Ingelheim; Aug 2014.
4. Yang XP, Lai D, Zhong XY, et al.  Eur J Clin Pharmacol. 2014; 70:1149-58.
5. Zang M, Zhang L, Wu B, et al. Diabetes Metab Res Rev. 2014;30:204-21.
6. Liakos A, Karagiannis T, Athanasiadou E, et al. Diabetes Obes Metab. 2014; 16: 984-93.

100 ; 300mg 5 ; 10mg

10 ; 25mg



basal insulin

GLP-1 receptor 
agonists

prandial insulin

premixed insulin

insulin

GLP-1 receptor 
agonists/basal insulin

(fixed ratio combination)

DSMES

Intensifying To Injectable Therapy



Considering Oral Therapy 
In Combination With Injectable Therapies



Overall Summary

*The management of hyperglycaemia in type 2 diabetes has become 
complex with the number of glucose-lowering medications now 
available.
*Patient-centered decision-making and support and consistent 
efforts at improving diet and exercise remain the foundation of all 
glycaemic management.
*Initial use of metformin, follow by addition of glucose-lowering 
medications based on patient co-morbidities and concerns is 
recommended as we await answers to the many questions that 
remain. 



Thank you


