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Case   

64  y/o male patient

Type 2 DM  since 1990

BH: 172 cm

BW:  77 kg

BMI: 26

CAD(-), CHF(-) 



Brief history

HTN(+), Hyperlipidemia (+)

Glucophage 850 1# bid+ Januvia 1# qd

A1c around 6.9->7.5 during 2017-2018

Cr 1.3 , eGFR 55  

MA(+) ACR 352.7 mg/g



你會把這個病人的DPP-4i , 換成 SGLT-2i嗎？
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Question



爭議

• 以血糖控制的立場，換了SGLT-2i控制不一定

比較好

• 以器官保護的立場，值得更換
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Access from: https://professional.diabetes.org/2018EASDconsen 

According to UKPDS 
results, every 1% A1c 
reduction automatically 
translate to 14% reduction 
of macrovascular 
complications, and over 
30% reduction 
microvascular complications 

Every 1% A1c reduction 
is not equal with regard to 
organ protection while 
using different OADs 



Diabetes Care 2012; 35:1364-1379.

ADA-EASD Position Statement on T2DM Therapies, 2017





If at A1c target: switching

If not at A1c target: add on 
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For patients have ASCVD, HF or CKD
and GFR is adequate



Diabetes and
established

cardiovascular disease

Diabetes and
multiple risk factors
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Secondary prevention 
SGLT2i prevent heart failure 

and renal disease, 
and reduce atherosclerotic events

(MACE)

Primary prevention 
SGLT2i prevent heart failure 

and renal disease 
but may not reduce major adverse

cardiovascular events

Pump, pipes, and filter : 
do SGLT2 inhibitors cover it all?

www.thelancet.com Published online November 10, 2018 
http://dx.doi.org/10.1016/S0140-6736(18)32824-1
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SGLT2i 器官保護效果

§Dissociation of organ protection and A1c 
lowering effect

§Dissociation of natriuresis effect and glcosuric
effect 



§ SGLT2 排糖效果 (mg/min)

§=GFR (cc/min)* Blood sugar (mg/100cc)

§GFR , A1c à 決定SGLT2 效果



3-point MACE: subgroup analysis
Empagliflozin Placebo

All patients 4687 2333
Age, years 0.01
<65 2596 1297
≥65 2091 1036

Sex 0.81
Male 3336 1680
Female 1351 653

Race 0.09
White 3403 1678
Asian 1006 511
Black/African-American 237 120

HbA1c, % 0.01
<8.5 3212 1607
≥8.5 1475 726

Body mass index, kg/m2 0.06
<30 2279 1120
≥30 2408 1213

eGFR, mL/min/1.73m2 0.20
≥90 1050 488
60 to <90 2425 1238
<60 1212 607

p-value 
for interaction 

0.25 0.50 1.00 2.00 4.00
Favours empagliflozin Favours placebo

For the test of homogeneity of the treatment group difference among subgroups with no adjustment for 
multiple tests. eGFR, estimated glomerular filtration rate (according to Modification of Diet in Renal Disease 
equation) Zinman B et al; N Engl J Med 2015; 373:2117-28.
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HR (95% CI)

“Safety update information. Product is not approved for CV risk reduction.”
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UNCOUPLING OF NATRIURESIS AND GLYCOSURIC EFFECT WHEN GFR < 60



§SGLT-2i

§降糖效果

§eGFR > 90 à 好

§ > 60à 可

§ < 60 à 幾乎無效

§器官保護效果à eGFR > 30

§器官保護機制, 一定有除了排糖之外的原因



GFR30- 60 GFR>60

降糖 + +++

心臟保護 ++++ +++

腎臟保護 +++ ++++

中風保護(cana) +++ ++

降體重 ++ ++

降血壓 ++ +



Possible mechanisms for  cardiac protective effect of SGLT-2i 

§Osmotic diuresis 

§NHE 1

§Ketone body
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SGLT2i may differentially regulate the interstitial vs intravascular 
compartment when compared with loop diuretics

CAN-SLK-20190108



• Reduce interstitial edema 

• Loop diuretics sparing

• Prevent prerenal azotemia

• Reduce reflex tachycardia

• Reduce RAS activation

24

Osmotic diuresis different from loop diuresis



Proposed Mechanisms of CV & Renal Benefits of SGLT-2 inhibitors

25

The figure adapted from Kidney Int. 2016 Mar;89(3):524-6., with additional ketosis and NHE hypothesis depicted based on data from
1. Diabetes Care 2016;39:1115-1122., 2. Diabetes Care 2016;39:1108-1114., 3. JAMA Cardiol. 2017 Sep 1;2(9):1025-1029. 4. Cardiovasc Res. 2018 Jan 1;114(1):12-18.

↑Cardiac work efficiency,
Improved renal energy 
expenditure

Ketosis1,2

↑Myocardial contractility, 
improved renal oxygenation

Changes in myocardium & 
renal fuel metabolism

↑Hematocrit

Block NHE3-

4:
sodium-
hydrogen 
exchanger

↓ Cytosolic Na+

↑ Mitochondrial Ca2+

↓ Tissue 
sodium
intake 



The sodium hypothesis1 : Sodium and calcium balance 
in heart failure patients

1. Bertero E. et al. 2017 Cardiovascular Research. https://doi.org/10.1093/cvr/cvx149 ; 2. International Journal of Cardiology 128 (2008) 147–149 ; 3.Diabetologia. 2017 Dec 2. doi: 10.1007/s00125-017-4509-7

• Up-regulation and increased activity of NHE (Na+/H+ Exchanger) were
found in patients with heart failure2

https://www.ncbi.nlm.nih.gov/pubmed/29197997


SGLT2 reduced sodium intake and maintained calcium level

SGLT2i

Bertero E. et al. 2017 Cardiovascular Research. https://doi.org/10.1093/cvr/cvx149

By decreasing Na+ and restoring 
mitochondrial Ca2+ handling, SGLT2i
may ameliorate mitochondrial energetic 
mismatch and oxidative stress.
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How SGLT2i help change in organ fuel 
energetics ?

• Ele Ferrannini et al. Diabetes Care 2016;39:1108-1114

• Mild, persistent 
hyperketonemia 
(↑ 2-3 fold)

Improves the 
metabolic status 
and work efficiency

• Increased 
hematocrit 
(~5%)

Increased delivery 
of oxygen to tissues



Thrifty substrate theory



Thrifty substrate theory



Possible mechanisms for  renal protective effect of SGLT-2i 

§TGF

§NHE 3

§Ketone body

§Renal ischemia and EPO



Diabetes may cause glomerular hypertension
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SGLT, sodium glucose cotransporter; GFR, glomerular filtration rate.
Adapted from: Cherney D et al. Circulation 2014;129:587

Afferent arteriole

Efferent 
arteriole PT: Proximal tubule

GL: Glomerulus
MD: Macula densa

Loop of Henle

GFR

Na+/glucose co-transport

Glucose

Renal hemodynamics under hyperglycemia

Glomerular pressure

PT

SGLT2



SGLT2 lowers intraglomerular pressure in T1D 

SGLT, sodium glucose cotransporter; GFR, glomerular filtration rate.
Adapted from: Cherney D et al. Circulation 2014;129:587

Afferent arteriole

Efferent 
arteriole PT: Proximal tubule

GL: Glomerulus
MD: Macula densa

Loop of Henle

GFR

Glucose

SGLT-2i 
blocks SGLT2

Renal hemodynamics with SGLT-2

PT

Glomerular pressure

SGLT2



tubular glomerular feedback
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Why loop diuretic can’t induce TGF

35



SGLT-2i   and NHE3 
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Renal ischemia and EPO



38

SGLT-2i therapy suppresses oxygen consumption by the 
proximal tubules and improves tubulointerstitial hypoxia

1. Sano M. J Cardiol. 2018 May; 71(5): 471-476.; 2. Sano M, Takei M et al. J Clin Med Res. 2016 Dec; 8(12): 844-847.
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Univariable analysis show changes from baseline in hematocrit and 
hemoglobin mediated the most on the HR for CV Death in EMPA REG

Univariable mediation 
analysis of risk of CV 
death with Empa versus 
placebo: time-dependent 
covariate analysis 
adjusting for the change 
from baseline in each 
variable

FFA, free fatty acid; HDL-C, HDL 
cholesterol; LDL-C, LDL 
cholesterol; TG, triglyceride; WC,
waist circumference.

Diabetes Care 2018 Feb; 41(2): 356-363.
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Primary Mace Outcome
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CV Death, Non-fatal Myocardial Infarction 
or Non-fatal Stroke

N Engl J Med 2017; 377:644-657 (Ref. 9) CAN-SLK-20181223



Hospitalization for Heart Failure

42
N Engl J Med 2017; 377:644-657 (Ref. 9)

CAN-SLK-20181223



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

43
N Engl J Med 2017; 377:644-657 (Ref. 9)

CAN-SLK-20181223
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*TIAs were not adjudicated but based upon adverse   
event reports made by site investigators.

Canagliflozin and Stroke in Type 2 Diabetes Mellitus
Results From the Randomized CANVAS Program Trials

Stroke. 2019;50:00-00. DOI: 10.1161/STROKEAHA.118.023009
CAN-SLK-20190108
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Ischemic Stroke

Undetermined Stroke

Hemorrhagic Stroke

Canagliflozin and Stroke in Type 2 Diabetes Mellitus
Results From the Randomized CANVAS Program Trials

Stroke. 2019;50:00-00. DOI: 10.1161/STROKEAHA.118.023009

CAN-SLK-20190108
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Canagliflozin and Stroke in Type 2 Diabetes Mellitus
Results From the Randomized CANVAS Program Trials

Stroke. 2019;50:00-00. DOI: 10.1161/STROKEAHA.118.023009
CAN-SLK-20190108



47Circulation. 2018;138:1537–1550

Canagliflozin and Cardiovascular Outcomes in 
Patients with Chronic Kidney Disease

CAN-SLK-20181223
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A.   MACE HR: 0.70
B.   CV Death HR: 0.93
C.   Fatal & non-Fatal MI 

HR: 0.62
D.   Fatal & non-Fatal Stroke   

HR: 0.50
E.    Hospitalization of HF 

HR: 0.57
F.     40% Reduction of eGFR、

ESRD & Renal Death 
HR: 0.76 

Canagliflozin and Cardiovascular Outcomes in 
Patients with Chronic Kidney Disease(eGFR<60)

Circulation. 2018;138:1537–1550. DOI: 
10.1161/CIRCULATIONAHA.118.035901 CAN-SLK-20181223
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Canagliflozin and Cardiovascular Outcomes in 
Patients with Chronic Kidney Disease

Circulation. 2018;138:1537–1550. DOI: 
10.1161/CIRCULATIONAHA.118.035901 CAN-SLK-20181223
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Change in eGFR over time with canagliflozin 
and placebo with eGFR 

<45 45-60 

60-90 >90 

CAN-SLK-20181223
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New Indication for INVOKANA® (canagliflozin) to Reduce the 
Risk of Major Adverse Cardiovascular Events (MACE) 

CAN-SLK-20181223
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PI of Invokana vs. Jardiance

Ref .  PI of Invokana (2018/10)
PI of Jardiance (2018/10)

CAN-SLK-20181223
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https://www.janssen.com/phase-3-credence-renal-outcomes-trial-
invokanar-canagliflozin-being-stopped-early-positive-efficacy

CREDENCE Study Early Termination for 
Positive Findings

僅供內部使用



Patient Enrollment and End Points
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The Canagliflozin and Renal Endpoints in Diabetes with Established 
Nephropathy Clinical Evaluation (CREDENCE) trial

4401

https://www.medscape.org
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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.

CAN-SLK-20181223
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Structure and selectivity profiles for 
SGLT2 over SGLT1

Selectivity
SGLT-1 : SGLT-2

1:11

Phlorizin

T-1095
1) Ehrenkranz JR et al., Diabetes Metab Res Rev, 2005;21(1): 31-38
2) Oku A et al., Diabetes, 1999;48(9): 1794-1800

Selectivity
SGLT-1 : SGLT-2

1:30

CAN-SLK-20181223



Empagliflozin

Canagliflozin

Dapagliflozin

Selectivity
SGLT-1 : SGLT-2

1:5,000

1:1,400

1:160
58

Structure and selectivity profiles 
for SGLT2 over SGLT1

Diabetes, Obesity and Metabolism 17: 188–197, 2015. CAN-SLK-20181223



Canagliflozin increase aGLP-1 
through SGLT1 inhibition 
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Glucose

Canagliflozin Reduce 
Reabsorbtion

SGLT2
Inhibition Bloos Sugar 

Canagliflozin

SGLT1
Inhibition Glucose Retention GLP-1

L-cellIntestine

SGLT1
Inhibition Glucose Retention GLP-1

J Clin Med Res. 2017;9(9):745-753
CAN-SLK-20181223



Canagliflozin Lowers Postprandial Glucose and Insulin 
by Delaying Intestinal Glucose Absorption in Addition 

to Increasing Urinary Glucose Excretion

60
Diabetes Care 36:2154–2161, 2013 (Ref. 17) CAN-SLK-20181223
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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)

CAN-SLK-20181223
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• SGLT-2 i with partial SGLT-1 i activity

• 下降 PC sugar透過抑制腸道 glucose 再吸收 (SGLT-1 i) 

• 增加 GLP-1 activity

• Combined with DPP-4  更進一步增加GLP-1 濃度

• à SGLT-2 i with partial incretin effect

• à Combined with DPP-4 is reasonable ！

Canagliflozin的特色



EMPA-REG vs CANVAS : Body Weight

Body weight

63

EMPA-REG CANVAS

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

CAN-SLK-20181223
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Glycosuria Effect of Canagliflozin

CAN-SLK-20181223
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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

CAN-SLK-20181223
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Canagliflozin, dapagliflozin and empagliflozin 
for treating type 2 diabetes: Network Meta-analysis

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

HbA1c

BW

CAN-SLK-20181223
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Diabesity = Diabetes + Obesity

CAN-SLK-20181223



Weight Loss Effect of Canagliflozin

68
CAN-SLK-20181223



69Lancet 2013; 382: 941–50 (Ref. 8)

Baseline : 89.6kg ; BMI 31.0kg/m2 , n=70, 52wks LOCF 

visceral adipose tissue subcutaneous adipose tissue

Percentag
e 

C
hang

e

Canagliflozin Reduce Adipose Tissue
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25,506 31,208(Pixel)

CAN-SLK-20181223



Antihyperglycemic agents and 
Renal Function
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Empagliflozin 45

eGFR (mL/min/1.73 m2): <15 15–29 30–59 60–89 ≥ 90
Acarbose Not recommended25

Dapagliflozin 60

Thiazolidinediones 30
Contraindicated SafeCaution and/or reduce dose

Canagliflozin 25 60*100 mg45

Adapted from: Product Monographs as of March 2016 Harper W et al. Can 
J Diabetes 2015;39:440

* = do not initiate if eGFR <60 ml/min Not recommended

Metformin 30 60

15Linagliptin

Sitagliptin 5030 50 mg25 mg

Saxagliptin 5015 2.5 mg

Alogliptin Not recommended 506.25 mg 12.5 mg30

Exenatide (BID/QW) 30 50
Liraglutide 50

Albiglutide 50

30

Repaglinide

Gliclazide/Glimepiride 15 30
Glyburide 30 50

Insulin 
Secreta-
gogues

SGLT2 
inhibitors

GLP-1R 
agonists

Alpha-glucosidase Inhibitor

Biguanide

DPP-4 
inhibitors

Dulaglutide 50

60*45

No dose adjustment but close monitoring of renal function  

300 mg

5mg ; 10mg

10mg ; 25mg 10mg ; 25mg

CAN-SLK-20181223



抑制1+2、降低ABCD

可提供T2DM病人心血管與腎臟雙重治療效益
ADA/AACE guideline建議優先處方SGLT2i包含Canagliflozin給合併ASCVD或是CHF/CKD的T2DM病人，臨床試
驗證實Canagliflozin具有Primary / Secondary Prevention效果，能降低T2DM病人心血管風險並延緩腎臟惡化，
且canagliflozin是唯一FDA核准降低MACE適應症的口服降血糖藥

1

2

SGLT1及SGLT2受體的雙重抑制效果
Canaglu 100mg具有SGLT1抑制效果，可延遲小腸吸收葡萄糖，並刺激GLP-1分泌，提供持續有效的血糖和體重控
制效果

3

排糖效果顯著 有效降低HbA1c
Canaglu 100mg每日可排出87~100克葡萄糖，降低0.8%~1.27% HbA1c，並可減輕體重達3kg (約4%)

A1c BW

CVD DKD

SGLT1
SGLT2

35CAN-SLK-20181223
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Canaglu 的 特色

• HbA1c 降幅最強, 性價比最高

• 體重下降最持久

• CVD 保護範圍最廣(3 個indications, pri+sec) 

• DKD 試驗第一個發表

• GFR 適應範圍最廣


