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Patients with microvascular complications due to T2D are more likely to have a major CV event!
Hyperglycaemia has a causal effect on the risk of major CV events?

Chronic hyperglycaemia is associated with low-grade inflammation and accelerated atherosclerosis?

Adapted from American Association of Clinical Endocrinology (AACE)
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Sodium-Glucose Cotransporter 2 (SGLT2) Inhibitors

Currently available : Not available :

e Canagliflozin (Invokana) o Sotogliflozin (Zynquista ) — SGLT72/SGLT1
 Dapagliflozin (Farxiga) e Ipragliflozin

 Empagliflozin (Jardiance) e Luseogliflozin

e Ertuglifiozin (Steglatro ) * Tofogliflozin



o« Selectively blocks SGLT2 transporter

responsible >90% of nephron glucose

reabsorption

« lglucose and sodium absorption ->

glycosuria, natriuresis.

e 1 Hyperglycemia = 1 glycosuria

] 'rli tubule lumen

Figure 1. The sodium-glucose cotransporter-2 (SGLT2) mechanism in the proximal tubule. Modified from
Bakris et al* with permission of the publisher. Copyright © 2009, Elsevier.

« Minimalriskofhypoglycemia as SGLT2i

actionis independent ofinsulin

Adapted from American Association of Clinical Endocrinology (AACE). Heerspink HJL. Circulation. 2016;134.752 —772
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Mechanisms for Cardioprotection

e Reduce preload (/| hypertension) and afterload ([central venous pressure)
 Improved anti-inflammatory vs. pro-inflammatory cytokine

e Reduced cardiacfibrosis

 Increased hematocrit,erythropoietin production

« Improved cardiac metabolic efficiency

Mechanisms for Renoprotection
 Glycosuria
e Natriuresis
e Decreased glomerularpressure

e Reduced albuminuria


Presenter
Presentation Notes
Presenter
2021-04-09 22:33:16
--------------------------------------------
North, Emily J.; Newman, Jonathan  D. Review of cardiovascular  outcomes trials of  sodium–glucose cotransporter-2  inhibitors and glucagon-like  peptide-1 receptor agonists,  Current Opinion in Cardiology:  November 2019 - Volume 34 -  Issue 6 - p 687-692. North EJ,  Review of CV Outcome….  Current Opinion Cardiology 2019


PCT cell Blood

» Na+ |
MNa/K ATPase

L —

Inhibition

GLUT2

Reduced ATP

consumption in PCT
and relative hypoxia
in renal cortex

*PCT — proximal convoluted

tubule
**ATP — Adenosine tri-
phosphate

***GLUT — Glucose transporter

rcreased glucagon
vs insulin ratio

Improved
glycemic

Reversion of
myofibroblasts to .’
rythropoietin producing \
fibroblasts 1 y
Lipolysis
Increase in
haematocrit

© 2020 S Joshi

Increased Haematocrit
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Novel mechanisms of
benefit in heart failure

with SGLT2 inhibition
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Adapted from Joshi SS, et al. Heart 2021,107:1032-1038.
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« SGLT1 absorbs glucose in small intestine,

contributes to reabsorption of nephrotic

> Blood glucose [

glucose

e All SGLT2I are selective blockers— some

Epithelium
lining proximal
convoluted tubules /

SGLT1/ antagonism

Enterocytes lining

small intestine

IHa‘ Glu:nse MNa* Glu:nse ZNa* Glucose

Empagliflozin 3.10 8,300 ~2,500 —fold 3
Ertugliflozin 0.87 1,960 ~2,000 - fold
Dapaglifiozin 1.20 1,400 ~1,200 —fold '
Canagliflozin 2.70 710 ~250 —fold
Sotagliflozin 1.80 36 ~20 —fold GLUT2 GLUT2 GLUTL
K' Na*  Glucose K' Na*  Glucose K'MNa®  Glucose

Tahrani AA, et al. Lancet Diab Endocrin 201,;1:140 -51. Cinti F, et al. Drug DesignDevel Therapy 2019,11:2095 -19.



SGLT2 Inhibitors: Outcome Trials

Major Adverse Cardiovascular Events

Patients Events Events per Weight HR HR (95% Cl)
1000 patient-years (%)

Treatment(n)  Placebo (n) Treatment Placebo
Patients with atherosclerotic cardiovascular disease
EMPA-REG OUTCOME 4687 Empa 2333 772 374 43-9 29-4 —il— 0-86 (0-74-0-99)
CANVAS Program 3756 Cana 2900 796 341 413 32:4 —i— 0-82 (0-72-0-95)
DECLARE-TIMI 58 3474 Dapa 3500 1020 36-8 41.0 382 — 0-90(0-79-1-02)
Fixed effects model for atherosclerotic cardiovascular disease (p=0-0002) - 0-86 (0-80-0-93)
Patients with multiple risk factors
CANVAS Program 2039 Cana 1447 215 15-8 15.5 259 0-98 (0-74-1-30)
DECLARE-TIMIS8 5108 Dapa 5078 539 134 133 741 1.01 (0-86-120)
Fixed effects model for multiple risk factors (p=0-98) 1.00 (0-87-1-16)

035 050 1.00 2.50
4+— —>
Favours treatment Favours placebo

Zelniker TA, et al. Lancet 2018;393:31-39.
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MACE Components

Ireatment Flacebo

_ Treatment  Placebo : . . Stroke Patients Events Events per Events per Weights (%) HR [95% CI]
MI Patients Events f;::t; ;e; f:::t; 5?; Weights (%) HR [95% Cl] 1000 pt-yrs 1000 pt-yrs
EMPA-REG OUTCOME 7020 349 16.8 19.3 20.5 — 0.87[0.70,1.09] EMPA-REGOUTCOME 7020 233 125 106 Hie H-e— 118 .89, 1.26)
CANVAS Program 10142 421 11.2 12.6 250 - 0.89[0.73,1.09] CANVAS Program 10142 309 7.9 9.6 29.0 i 0.87 [0.69, 1.09]
DECLARE-TIMI 58 17160 834 11.7 13.2 54.5 - 0.89[0.77,1.01] DECLARE-TIMI 58 17160 518 7.5 7.8 51.8 - 096081 1.14)
FE Model (P-value = 0.0177) - 0.89[0.80,0.98] FE Model (P-value = 0.64) - 0.97 [0.86, 1.10]
0.35 1.00 250 035 1.00 2.50
Hazard Ratio Hazard Ratio
Treatment Placebo
CVD Patients Events  Eventsper Eventsper Weights (%) HR [95% CI]
1000 pt-yrs 1000 pt-yrs
EMPA-REG OUTCOME 7020 309 12.4 20.2 251  —m— 0.62[0.49, 0.77]
CANVAS Program 10142 453 11.6 12.8 34.3 - 0.87 [0.72, 1.06]
DECLARE-TIMI 58 17160 494 7.0 7.1 406 —m— 098[0.82 1.17]
FE Model (P-value = 0.0023) - 0.84 [0.75, 0.94]
. oanr — : 1
Zelniker TA, et al. Lancet 2018;393:31-39. 0.35 1.00 2 50

Hazard Ratio


Presenter
Presentation Notes
Presenter
2021-04-09 22:33:16
--------------------------------------------
Zinman B, Wanner C, Lachin JM,   FitchettD, Bluhmki E, Hantel S,  Mattheus M, Devins T, Johansen  OE, Woerle HJ, Broedl UC,  Inzucchi SE; EMPA-REG  OUTCOME Investigators.  Empagliflozin, Cardiovascular  Outcomes, and Mortality in Type  2 Diabetes. N Engl J Med. 2015  Nov 26;373(22):2117-28. Neal B,  Perkovic V, Mahaffey KW, de  Zeeuw D, Fulcher G, Erondu N,  Shaw W, Law G, Desai M,  Matthews DR; CANVAS Program  Collaborative Group.  Canagliflozin and Cardiovascular  and Renal Events in Type 2  Diabetes. N Engl J Med. 2017  Aug 17;377(7):644-657.
Wiviott SD, Raz I, Bonaca MP, Mosenzon  O, Kato ET, Cahn A, Silverman  MG, Zelniker TA, Kuder JF,  Murphy SA, Bhatt DL, Leiter LA,  McGuire DK, Wilding JPH, Ruff  CT, Gause-Nilsson IAM,  Fredriksson M, Johansson PA,  Langkilde AM, Sabatine MS;  DECLARE–TIMI 58  Investigators. Dapagliflozin and  Cardiovascular Outcomes in  Type 2 Diabetes. N Engl J Med.  2019 Jan 24;380(4):347-357.  Cannon CP, Pratley R,  Dagogo-Jack S, Mancuso J,  Huyck S, Masiukiewicz U,  Charbonnel B, Frederich R, Gallo  S, Cosentino F, Shih WJ, Gantz  I, Terra SG, Cherney DZI,  McGuire DK; VERTIS CV  Investigators. Cardiovascular  Outcomes with Ertugliflozin in  Type 2 Diabetes. N Engl J Med.  2020 Oct 8;383(15):1425-1435. 


SGLT2 Inhibitors: Outcome Trials

Hospitalization for Heart Failure and CV Death

Patients Events Events per 1000 Weight HR HR (95% Cl)
patient-years (%)

Treatment (n)  Placebo (n) Treatment Placebo
Patients with atherosclerotic cardiovascular disease
EMPA-REG QUTCOME 4687 Empa 2333 463 19-7 30-1 30:9 —— 0-66 (0-55-0-79)
CANVAS Program 3756 Cana 2500 524 210 27-4 32.8 —— 077 (0-65-0-92)
DECLARE-TIMI 58 3474 Dapa 3500 597 19.9 239 364 —il— 0-83 (0-71-0-98
Fixed effects model for atherosclerotic cardiovascular disease (p<0-0001) - 0-76 (0-69-0-84)

Patients with multiple risk factors

CANVAS Program 2039 Cana 1447 128 3-9 9.8 302 l 0-83(0-58-1-19)
DECLARE-TIMI 58 5108 papa 5078 316 7-0 84 698 = 0-84 (0-67-1-04)
Fixed effects model for multiple risk factors (p=0-0634) i 0-84 (0-69-1-01)
035 050 1.00 2.50
+— —>
Favours treatment Favours placebo

Zelniker TA, et al. Lancet 2018;393:31-39.
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SGLT2i: Improves major cardiac events,
especially hospitalization from heart failure

How about patients with heart failure?
Preserved and reduced LV efection fraction?




All Cause Mortality

SGL T2 Placeba Hazard Ratio Huozand Ratio
Study or Subgroup log[Hazard Ratio]  SE  Total  Total  Weight IV, Random, 95% CI IV, Random, 95% CI
CANYAS Cana  4L35467 (L1616 Ril3 654 9.1% (.70 |51, 0.96] —_—
DAPA-HF Dapa L1863 00797 2373 2371 37.6% 0.63 |0.71, 0.97] —.—l
DECLARE-TIMI 58 Dapa L5276 01983 118 351 6.1% 0,59 [0.40, 0.87] S —
EMPAREG Empa -0.2357 02134 462 4 52% 0.79 [0.52, 1.20] s
EMPEROR-REDUCED Empa 0834 Q0908 1863 1867  29.0% 0,92 [0.77, 110
SOLOIST-WHE Soto . 19H5 ik 1 68 BOE Gl4 8.5% 082 |0.59, 1.14]
VERTIS CV Ertu D04 02314 119 159 4.5% 0,96 [0.61, 1.51]
Total (95% C1) 6746 6266 100,0% 083 [0.75, 0,91 ] &
Heterogenety: Tau” = 0,00; Chi® = 581, df = 6 (P = 0.45); 1" = 0% . : ; - .
Test for overall effect: 7 = 3.89 (P = 0.0001) 0.2 05 1 2 5
Favours SGLT2 Favours place bo

TsampasianV, et al. Cardiol ResPract 2021, doi. 10.1155/2021/9927533
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Heart Failure Hospitalization

SGL T2 Macebo Hazard Ratio Hazard Ratio
Study or Subgroup log|Hazard Ratio]  SE Total Total Weight 1V, Random, 95% C1 IV, Random, 95% C1
CANVAS Cana 06733 02221 803 658  5.6%  0.51[033.0.79]
DAPA-HE Dapg 567 0.0B72 2373 2371 362%  0.70[0.59,0.83] —-—
DECLARE-TIMI 58 Pd - paesa 02029 318 /3 AT% 064 [043.0.95] s
DEFINE-HF Dapa 4 1744 04323 131 132 15% 0.4 [0.36, 1.94] :
EMPAREG Empa g ax7s 02277 462 244 5.3% 0.75 [0.48, 1.17] s
EMPEROR-REDUCED  Empa 03567 00959 1863 1867 299%  0.70[0.58,0.84] ——
SOLOIST-WHEF Soto L6l 01363 608 614 14.8% 064 (049, 0.84] —
Total (95% C1) 6558 6230 100.0% 068 061, 0.75] S
Heterogeneity: Tau® =0,00; Chi® = 259, df = 6 (P = 0.86); 1) = 0% T T l
Test for overall effect: £ =7.38 (P < (LD ) (3.2 (0.5 | 2 5
Favoars SGLT2 Favours placebo

TsampasianV, et al. Cardiol ResPract 2021, doi. 10.1155/2021/9927533
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Heart Failure Hospitalization by Diabetic Status

1V, Random, 95% CI 1V, Random, 95% CI

Huos Eion

DAPA-HF Dapa -4z 01387 1298 137 14.6% 0,63 |48, 0,83] —
EMPEROR-REDUCED  Empa  -.2744 01468 936 938 150% 0,76 ]0.57, L.01] —_—

Subtotal (95% CI) 13d 15 27.6% 0.69 [0.56, 0.84] e

Heterogeneity: Tau" = 0,00; Chi® = 0.86, df = 1 (P = 0.35); I° = 0%

Test for overall effiect: £ = 3.70 (P = 0.0002)

Haspitalisation for Heart Failure - Diabetic Population

CANVAS Cana 6733 0.2221 503 658 57% 0.51 [0.33.0.79] —_—

DAPA-HF Dapa U37H Q1122 1075 1064  22.3% 0,76 [0.61,0,95] Cow

DECLARE-TIMI 58 Dapa 04463 02029 318 33y AE% 0,64 (0,43, 0,95] —_—

DEFINE-HF - A0.1744 04323 13] 132 1.5% 0,84 |0, 36, 1,96]

EMPAREG Mpa  _pagrr 02177 462 M4 5A% 0.75 [0.48, 1.17] 3
EMPEROR-REDUCED EMP2 g 4304 0.1339 927 929 15.6% 0,65 |0.50, 0,85] ——

SOLOIST-WHF SOt0  p44s3 01363 608 614 151% 0,64 0,49, 0,84] —

Subtotal (95% CI) 4324 994 TL4% .68 [.60, 0.76] L 3

Heterogeneity: Tau® = 0,00; Chi® = 3,48, df =6 (P = 0.75); I = (%

Test for overall effect: 2 =627 (P < QU000 )

Total (95% CI} 6558 6239  100.0% .68 [1L61, 0.75] £l

Heterogeneity: Tau® = 0.00; Chi* = 4,36, df = 8 (P = 0.82); 1" = 0% i s . ' ]
Teat for overall effiect: £ =7.28 (P < 000001 0.2 05 1 2 5
Test for subgroup differences: Chi’ = 002, df = 1 (P = 0.89). ¥ = 0% Favours 5GLT2 Favours placebo

TsampasianV, et al. Cardiol ResPract 2021, doi. 10.1155/2021/9927533
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CV Death by Diabetic Status

—

Hazard Ratio

Study or Subgroup log[Hazard Ratio]  SE  Total  Total Weight IV, Random, 95% CI IV, Random, 95% C1
Cardiovascular Death - Non Diabetic Population
DAPA-HF Dapa 01625 011 1M8 1307 176% 0.85 [0.66, 1.09]
EMPEROR-REDUCED  Empa 0083 01542 936 938 123% 0.92 [0.68, 1.24]
Subtotal (95% CI) 1234 2245 300% 0.58 [0.72, 1.07]
Heterogeneity: Tau® = 0.00; Chi* =015, df = 1 (P = 0.69); I* = 0%
Test for overall effect: Z = 1.31 (P = 0.19)
Cardiovascular Death - Diabetic Population
CANVAS Cana  .0.3285% 0,1759 803 658 9.5% 0.72 [0.51, 1.02]
DAPA-HF Dapa  .0.2357 0.1155 1075 1064  22.0% 0.79 [0.63,0.99]
DECLARE-TIMI 58 Dapa  -0.5974% 0,2454 318 53 49% 0.55 [0.34,0.89]
EMPARECG Empa 0. 3425 0.255% 442 2dd 4.5% .71 I'III.-IE. I-l:"l
EMPEROR-REDUCED Empa 00814 0. 1333 Qay 939  16.E% L9z |'III.?I. LlEll
SOLOIST- WHE Soto  -DL1744 0189 608 614 B2% 0.84 [0.58, 1.22]
VERTIS CV Ertu 0408 0266 2119 159 4.1% {96 I'I].ﬁ?. l.ﬁ-Il
Subtotal (95% C1) 4512 4021  TO.0% 0.80 [0.70, 0.91]
Heterogeneity: Tau® = 0.00: Chi® = 4.57,. df =6 (P = 0.60); 1" = 0%
Test for overall effect: Z = 3.48 (P = 0,0005)
Total (95% CI) 6746 6266  100.0% 0.52 [0.74, 0.91]

Heterogeneity: Tau® = 0.00; Chi’ =5.37,df =8 (P = 0.72); 1" = 0%
Test for overall effect: £ = 3,63 (P = 0.0003)
Test fior su differences: Chi® = 0.65, df = 1 (P = 0.42). I = 0%

TsampasianV, et al. Cardiol ResPract 2021, doi. 10.1155/2021/9927533
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SGLT2 Inhibitors & HF: Outcome Trials

All Cause Mortality

SGLT2 Placebo

Study or Subgroup  log[Hazard Ratio] SE Total Total Weight

by HF Type
Hazard Ratio Hazard Ratio
IV, Random, 95% CI IV, Random, 95% CI

All cause mortality - HFpEF

DECLARE-TIMI 58 Dapa 0.0198 0.1569 84 81
VERTIS CV Ertu 0.01 0.2171 63 30
Subtotal (95% ClI) 147 111

Heterogeneity: Tau? = 0.00; Chi*=0.00,df=1 (P =0.97); ?=0%
Test for overall effect: Z=0.13 (P = 0.90)

All cause mortality - HFrEF

DECLARE-TIMI 58 Dapa -0.5276 0.1983 38 68
VERTIS CV Ertu -0.0408 0.2314 54 27
Subtotal (95% CI) 92 95

Heterogeneity: Tau? = 0.07; Chi?=2.55,df=1(P=0.11); I?=61%
Test for overall effect: Z=1.23 (P = 0.22)

Total (95% CI) 239 206
Heterogeneity: Tau? = 0.03; Chi?=5.49,df =3 (P =0.14); I? = 45%
Test for overall effect: Z =0.99 (P = 0.32)

Test for subgroup differences: Chi? = 1.32, df =1 (P = 0.25), 1> = 24.3%

31.5%

22.6%
54.1%

25.0%

20.9%
45.9%

100.0%

1,02 [0.75, 1.39]

1.01 [0.66, 1.55]
1.02 [0.79, 1.30]

0.59 [0.40, 0.87] 0

0.96 [0.61, 1.51]
0.74 [0.46, 1.19] -‘»

0.88 [0.67, 1.14] N

0.2 0.5 ] 2 5
Favours SGLT2 Favours placebo

TsampasianV, et al. Cardiol ResPract 2021, doi.: 10.1155/2021/9927533
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SGLT2 Inhibitors & HF: Outcome Trials

CV Death or HF Hospitalization

SGLT2 Placebo

Hazard Ratio

by HF Type

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% ClI IV, Random, 95% CI

HHF or Cardiovascular death - HFpEF
DECLARE-TIMI 58 Dapa -0.1278 0.1468 92 99 34.5% 0.88 [0.66, 1.17] —
VERTIS CV Ertu -0.0834 0.2097 68 35 18.0% 0.92 [0.61, 1.39] e
Subtotal (95% ClI) 160 134 52.5% 0.89 [0.71, 1.13] .
Heterogeneity: Tau? = 0.00; Chi*=0.03,df =1 (P = 0.86); I = 0%
Test for overall effect: Z=0.94 (P = 0.35)

HHF or Cardiovascular death - HFrEF
DECLARE-TIMI 58 Dapa -0.478 0.1635 59 95 28.5% 0.62 [0.45, 0.85] L
VERTIS CV Ertu -0.2744 0.2035 62 38 19.0% 0.76 [0.51, 1.13] =
Subtotal (95% CI) 121 133 47.5% 0.67 [0.52, 0.86] N
Heterogeneity: Tau? = 0.00; Chi?=0.61,df =1 (P =0.44); I?=0%
Test for overall effect: Z=3.12 (P = 0.002)
Total (95% CI) 281 267 100.0% 0.78 [0.65, 0.94] <P

I * 2 —_ * |2 —_ —_ —_ - |2 —_ o : : : :

Heterogeneity: Tau? = 0.00; Chi?=3.28,df =3 (P =0.35); 2= 9% 0.2 05 1 > 5

Test for overall effect: Z = 2.69 (P = 0.007)
Test for subgroup differences: Chi? = 2.64, df =1 (P = 0.10), I? = 62.2%

Favours SGLT2 Favours placebo

TsampasianV, et al. Cardiol ResPract 2021, doi.: 10.1155/2021/9927533
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FIRST-LINE Therapy is Metformin and Comprehensive Lifestyle (including weight management and physical activity)

INDICATORS OF HIGH-RISK OR ESTABLISHED ASCVD, CKD, OR HF!
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ESC/EASD Guidelines: Novel Glucose- Lowering Drugs

A. T2DM -- Drug-naive patients B. T2DM -- On metformin

ASCVD, or high/very high ASCVD, or high/very high
CV risk (target organ damage

or multiple risk factors)

CV risk (target organ damage
or multiple risk factors)

SGLT2 inhibitor MAatharriin Add SGLT2 inhibitor CoRERLE MSOHNR
or GLP-1 RA* or GLP-1 RA*

Very high CV risk High CV risk
Patients with DM and established CVD Patients with DM duration = 10 years without target
« or other target organ damage’ organ damage plus any other additional risk factor

* or three or more major risk factors?
* orearly onset T1IDM of long duration (> 20 years)

*Use drugs with proven CVD benefit.

"Proteinuria, renal impairment defined as eGFR < 30 mL/min/1.73 m?, LVH, or retinopathy.
*Age, hypertension, dyslipidemia, smoking, obesity.

Cosentino F, et al. Eur Heart J. 2020:41:255-323.
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AACE/ ADA/ EASD/ ACC Guideline Summary

 Metformin monotherapy for DM2.
 Consider adding GLP-1 RA or SGLT2i inhibitor independent of HbAlc target.

e Consider GLP-1 RA or SGLT2i prior to metformin for higher CVD risk

atherosclerotic CVD  stroke
GLP-1 RA

heart fallure CKD
SGLT2i

CKD = chronic kidney disease; CVD = cardiovascular disease
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SGLT2 Inhibitors:
A Nephrologists
Perspective

Nayan Arora, MD
Clinical Assistant Professor
University of Washington



Prevent progression of kidney disease

Reduce CV events

Glycemic Control
Blood Pressure Management
Albuminuria Reduction

RAAS Inhibitors, SGLT2 Inhibitors, MRAs Finerenone), GLP1 Agonists?



1993

CSG Captopril Trial

Type 1 Diabetes

N=409

Intervention: Captopril v Placebo

3 year median follow up

Primary Outcome: Creatinine Doubling




f - 48% Reduction in Primary Outcome
T gt NNT= 11

G 3FS&E5T 8

of Base-Line Creatinine

Percentage with Doubling

Years of Follow-up

Placebo 202 184 173 161 142 99 75 45 22
Captopril 207 199 190 180 167 120 82 50 24

B
-
3 Id Death= 3.9 vs 6.9%
g3 a0
E 5 o5 Flacat;g_ o—- Dialysis or Transplant= 9.7 vs 15.3%
= ; 20 P = 0.006 EF____'??'
82 15 @ 50% Reduction in death, dialysis or Txp
£2 1 & w-**‘*f"a"“’””‘ NNT=10
g = S ; Epﬂa'fﬁ #° 0‘90-¢
S di
o 0 .?-_-.ﬂ:i%% """ &--%

00 05 10 15 20 25 30 35 40
Years of Follow-up

Placebo 202 198 192 186 171 121 100 59 26
Captoprii 207 207 204 201 195 140 103 64 37
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Combined Angiotensin Inhibition for the Treatment of Diabetic
Nephropathy

Linda F. Fried, M.D., M.P.H., Nicholas Emanuele, M.D., Jane H. Zhang, Ph.D., Mary Brophy, M.D., Todd A. Conner, Pharm.D., William
Duckworth, M.D., David |. Leehey, M.D., Peter A. McCullough, M.D., M.P.H., Theresa O'Connor, Ph.D., Paul M. Palevsky, M.D., Robert F. Reilly,
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Cardiorenal End Points in a Trial of Aliskiren for Type 2 Diabetes
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Diabetic Nephropathy
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A Trial of Darbepoetin Alfa in Type 2 Diabetes and Chronic Kidney Disease
Disease Clinical Research

Clinical Research

ORIGINAL ARTICLE

Marc A. Pfeffer, M.D., Ph.D., Emmanuel A. Burdmann, M.D., Ph.D., Chao-Yin ( . " . .
Sulodexide Fails to Demonstrate Renoprotection in Overt Type 2

Kai-Uwe Eckardt, M.D., Jan M. Feyzi, M.S., Peter lvanovich, M.D., Reshma Ke O

M.P.H., Janet B. McGill, M.D., et al.,, for Diabetic Nephropathy

David K. Packham, Rory Wolfe, Anne T. Reutens, Tomas Berl, Hiddo Lambers Heerspink, Richard Rohde, Sara Ivory, Julia Lewis, Itamar Raz,
Thomas B. Wiegmann, Juliana C.N. Chan, Dick de Zeeuw, Edmund J. Lewis, Robert C. Atkins and for the Collaborative Study Group
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A New Hope...

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans ]. Woerle, M.D., Uli C. Broed|, M.D.,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

ABSTRACT




EMPEROR- PRESERVED-

Empa-Reg DAP,‘A- HF VERT‘I S-CV REDL‘JCED SCO‘RED HF
CANVAS CREDENCE DAPA-CKD  EMPEROR- EMPA-

PRESERVED KIDNEY



Worsening Kidney Function or ESKD

Weight Weight

Study Drug Trial NSGLT2 NPBO ESRD or Decreasing eGFR HR 95%-Cl (fixed) (random)
CANVAS Program Cana CVOT 5790 4344 . 0.63 [0.49;0.81] 11.1% 12.4%
CREDENCE Cana CKD 2200 2197 — 0.64 [0.54;0.75] 25.9% 21.7%
DAPA-HF Dapa CHF 2373 2371 — 0.71 [044;1.15] 3.0% 4.1%
DECLARE-TIMI-58 Dapa CVOT 8574 8569 —— 0.52 [0.42;0.65] 14.7% 15.2%
DAPA-CKD Dapa CKD 2152 2152 —h. 0.58 [0.49; 0.69] 23.9% 20.7%
EMPAREG Empa CVOT 4687 2333 — 0.54 [0.39;0.74] 6.8% 8.5%
EMPEROR-REDUCED Empa CHF 1863 1867 i 0.50 [0.32;0.78] 3.6% 4.9%
VERTIS-CV Ertu CVOT 5493 2745 |—— 0.81 [0.63;1.04] 11.1% 12.5%

|

|
Fixed effect model < 0.61 [0.56; 0.66] 100.0% --
Random effects model <> 0.61 [0.55; 0.68 -- 100.0%

Heterogeneity: I° = 26%, t° = 0.0056, p = 0.22 | |
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Cause Mortality

Weight Weight

Study Drug Trial NSGLT2 NPBO All Cause Death HR 95%-Cl (fixed) (random)
CANVAS Program Cana CVOT 5790 4344 = 0.87 [0.74; 1.02] 16.2% 16.0%
CREDENCE Cana CKD 2200 2197 0.83 [0.68; 1.02] 9.5% 11.9%
DAPA-HF Dapa CHF 2373 2371 - 0.83 [0.71;0.97] 16.1% 15.9%
DECLARE-TIMI-58 Dapa CVOT 8574 8569 s 0.93 [0.83; 1.05] 27.8% 20.0%
DAPA-CKD Dapa CKD 2152 2152 = } 0.69 [0.54;0.89] 6.1% 8.9%
EMPAREG Empa CVOT 4687 2333 d 0.68 [0.57;0.82] 11.9% 13.6%
EMPEROR-REDUCED Empa CHF 1863 1867 H 0.92 [0.77;1.10] 12.3% 13.8%
Fixed effect model < 0.84 [0.79; 0.90] 100.0% --
Random effects model = 0.83 [0.76; 0.91] --  100.0%

Heterogeneity: /° = 48%, t° = 0.0067, p = 0.07 | |
075 1 1.5
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All cause mortality


All Cause Mortality

Composite Kidney Outcome
Effect on ESKD

HF Hospitalization

0.76

0.61

0.80

0.69

0.97

0.75

0.77

0.73



A

Events  Patients RR (95% Cl)
eGFR 290 mL/min per 1.73 m*
DECLARE-TIMI 58 120 8162 — . 0-50 (0:34-073)
CANVAS Program 17 2476 - 0-32 (0-12-0-88)
EMPA-REG OUTCOME 2 1529 0-21(0-09-0-53)
Subtotal S 0-37 (0-21-0-63; p<0-0001)
P=41-8%; Pracoguncy=0-18
eGFR 60-<90 mL/min per1-73 m*
CREDENCE 78 1809 | 0-81 (0:52-1:26)
DECLARE-TIMI 58 186 7732 —il— 0-54 (0-40-073)
CANVAS Program 30 5625 = 0-48 (0-23-0-98)
EMPA-REG OUTCOME 61 3638 _— 061 (0-37-1-02)
Subtotal - 0-60(0-48-0-74; p<0-0001)
F=0-0%; Pheerrogenciy=0-46
€GFR 45-<60 mL/min per 1.73 m*
CREDENCE 99 1279 —m— 0-47 (0:31-0.72)
CANVAS Program 16 1485 = 0-74 (0-28-2.01)
EMPA-REG OUTCOME 39 1238 - 0-68 (0-36-1.28)
Subtotal g 0-55 (0-35-0-76; p<0-0001)
F=0-0%; Phteragensiy=0"52
eGFR <45 mL{min per1.73 m*
CREDENCE 200 1313 —— 0-71(0-53-0-94)
CANVAS Program 10 554 - 0-79 (0-21-2:94)
EMPA-REG OUTCOME 30 563 = 0-63 (0-30-1:29)
Subtotal e 0-70 (0-54-0-91; p=0-0080)
F=0-0%; Proterageneiy=0-94
Pyor fOT €GFR subgroup=0-073 : : .
B
UACR <30 mg/g
DECLARE-TIMI 58 145 11644 —R— 052 (0:37-0.74)
CANVAS Program 15 7007 022 (0-07-0-69)
EMPA-REG OUTCOME 48 4142 — R 0-41(023-0-72)
Subtatal == 0-46 (0-33-0-63; p<0-0001)
1=103%; Prosersgeneiy=0-33
UACR 30-300 mg/g
DECLARE-TIMI 58 105 4030 - R 059 (0-39-0-87)
CANVAS Program 19 2266 - 1:42 (0-51-3-95)
EMPA-REG OUTCOME 40 1996 e 067 (0-36-1.26)
Subtotal e 0-69 (0-47-1-00; p=0-051)
'=18-5%; Preserogereity=0-29
UACR >300 mg/g
CREDENCE 377 4401 —— 0-66 (0-53-0-81)
DECLARE-TIMI 58 106 1169 —— 038 (0-25-058)
CANVAS Program 39 760 = 045 (0-24-0-86)
EMPA-REG OUTCOME 61 764 S 0:51(0-31-0-85)
Subtotal B 0-52 (0-38-0-69; p<0-0001)
1=51-0%; Praserogeneiy=0-11
Puens fOr UACR subgroup=0-66 ; . .
C
RAS blockade*
CREDENCE 377 4401 — = 066 (0-53-0-81)
DECLARE-TIMI 58 317 13950 — 050 (0-39-0-63)
CANVAS Programt 209 8113 —_— 059 (0-45-0.78)
EMPA-REG OUTCOME 125 5627 —_— 052 (037-074)
Subtotal <> 0-58 (0-50-0-66; p<0-0001)
P=8.7%; stfaas
No RAS blockade
DECLARE-TIMI 58 48 3210 — 077 (0-44-1:37)
CANVAS Programt 40 2021 2 067 (036-1-27)
EMPA-REG OUTCOME 27 1341 - 065 (0-30-1-39)
Subtotal - 0.71(0-49-1.02; p=0.065)
1*=0-0%; Poscrogenar,=0-92
Phetersgeneiy 10T Use of RAS inhibition=0-31 : : :
03 05 10 15

-

-
Favours SGLT2 inhibtor

Favours placebo




Patient Selection

GCR <30 mg/g
0-52 (0-37-0-74)
CANVAS Program 15 7007 - 0-22 (0-07-0-69)
EMPA-REG OUTCOME 48 4142 i 0-41 (0-23-0-72)
Subtotal PN 0-46 (0-33-0-63; p<0-0001)
I’=10-3%; Pheterogeneity=0-33
UACR 30-300 mg/g
DECLARE-TIMI 58 105 4030 ] 0-59 (0-39-0-87)
CANVAS Program 19 2266 i 1-42 (0-51-3-95)
EMPA-REG OUTCOME 40 1996 = 0-67 (0-36-1:26)
Subtotal -~ 0-69 (0-47-1-00; p=0-051)
,2=18'5%; phetemgeneity=0'29
UACR >300 mg/g
CREDENCE 377 4401 —— 0-66 (0-53-0-81)
DECLARE-TIMI 58 106 1169 = 0-38 (0-25-0-58)
CANVAS Program 39 760 » 0-45 (0-24-0-86)
EMPA-REG OUTCOME 61 764 m 0-51 (0-31-0-85)
Subtotal e 0-52 (0-38-0-69; p<0-0001)
I*=51-0%; Pheterogeneity=0-11
Pirend for UACR subgroup=0-66 : | |
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FIGURE 2: Estimated number of primary events (doubling of serum creatinine, ESKD or cardiovascular or kidney-related death) prevented per 1000 patients treated over 2.6 years in the CREDENCE trial by baseline UACR. Absolute risk reductions estimated as the number of events prevented per 1000 patients treated over 2.6 years. UACR: urinary albumin:creatinine ratio. 
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0 2 4 8 12 16 20 24 28 32 36
Months since Randomization

No. of Participants
Placebo 2152 2029 1981 1866 1795 1753 1672 1443 935 447 157
Dapagliflozin 2152 2031 2001 1896 1832 1785 1705 1482 978 496 157
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Cumulative Incidence

At risk, n
Receiving DPP-4 inhibitor
Receiving SGLT-2 inhibitor

Cumulative Incidence

At risk, n
Receiving GLP-1 agonist
Receiving SGLT-2 inhibitor

0.006 -

Log-rank P=0.93
0.005
0.004 -
0.003 -
SGLT-2 inhibitors
’ i
0.002 - 7. DPP-4 inhibitors
0.001 -
0 -
0
Time Since Cohort Entry, mo
61876 44268 30983 20951 13675 8679
61876 45 804 32513 22800 15280 9405
0.006 -
Log-rank P =0.040
0.005 -
0.004 -
GLP-1 agonists
0.003 -
SGLT-2 inhibitors
0.002 -
0.001 -
o -
0 3 6 9 12 15
Time Since Cohort Entry, mo
55989 40032 28219 20305 14648 10088
55989 42276 30099 22642 16745 11387
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Patients with diabetes have a >60% increased risk of UTIs compared to the general population



~2 -4 fold increased risk

Generally easily treated with topical
antifungals or occasionally
fluconazole

Rarely leads to permanent drug
cessation
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Fluconazole 150mg PO x 1


Credence n=4401 11 (0.22)

EMPAREG n=7.020 4 (0.1)

CANVAS n=10,142 0.06

DECLARE n=17143 27 (0.3)

VERTIS CV n=8238 19 (0.3)

EMPEROR Reduced

n=3726 0(0.0)

DAPAHF n=4744 3(0.1)

DAPA CKD n=4298 0

1 (0.02)

1 (<0.1)

0.03

12 (0.1)

2 (0.1)

0 (0.0)

0 (0.0)

2 (<0.1)

RR 10.80 (1.39, 83.65)

RR 1.99 (0.22, 17.80)

HR 2.33 (0.76, 7.17)

RR 2.18 (1.10, 4.30)

0.14

0.02

NA

0.50
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DAPA-CKD more patients on hypoglycemic agents in placebo group prone to hypoglycemia
No DKA seen in non-diabetics


Table S6. Baseline Characteristics of Participants With Diabetic Ketoacidosis Adverse Events

Participants with

Diabetic Ketoacidosis* All Participants

(n=12) (n =4401)
Background insulin treatment—no. (%) 11 (91.7) 2884 (65.5)
Background metformin treatment—no. (%) 4 (33.3) 2545 (57.8)
Duration of diabetes—yr 23.8 15.8
Glycated hemoglobin—% 8.9 8.3
Glycated hemoglobin >10%—no. (%) 3 (25.0) 450 (10.2)
eGFR—mL/min/1.73 m? 54.0 56.2
Screening eGFR >30 to <45 mL/min/1.73 m%?—no. (%) 7 (58.3) 1313 (29.8)

labetic ketoacidosis 2 (16.7)

*Precipitating factors (primarily recent or concurrent iliness, recent reduction in insulin dose, or drugs
affecting carbohydrate metabolism) were identified by the adjudication committee for 83% of cases (10
of 12 events) in the canagliflozin group and 100% (1 event) in the placebo group. With the exception of 1

ncomitant blood glucose levels were >250 mg/dL (>13.9 mmol/L).




Stop this medication if you have any signs of symptoms of an allergic reaction such as hives, itching, rash, throat swelling or difficulty breathing

You may notice an increase in urine output after starting this medication

Your blood pressure may decrease

- Monitor your blood pressure at home as your blood pressure may decrease after starting this medication

- Dizziness with standing is a common symptom, which generally resolves within 2 weeks, however, please contact me if you experience debilitating dizziness/lightheadedness of
symptoms persist beyond 2 weeks

Observe "sick day" rules

- If you are feeling ill (fever, infection, poor appetite, nausea, vomiting, diarrhea) and are unable to maintain adequate hydr ation HOLD this medicine until you feel better for 24 hours.

- If you have a severe illness please go to the Emergency Room

Hold this medication for 48 hours prior to any scheduled surgery that requires you to be NPO (not eat or drink) the night bef ore the procedure

This medication should generally be held if you are admitted to the hospital. Please confer with your inpatient doctors.

Avoid the Atkins or Keto diet

Monitor your blood glucose levels as your insulin requirements may decrease when you start this medication

Wound on your legs, feet or groin

- If you notice a wound, ulcer or skin breakdown on your legs, feet or groin, HOLD this medication and contact me or your prima ry care provider or go to the emergency room

Burning with urination

- If you have burning with urination HOLD this medication and contact me or your primary care doctor

Redness or itching in the groin area or foul -smelling vaginal or penile discharge
- Keep your genital area clean
- If you notice any redness or itching in the genital area or are having any vaginal or penile discharge, HOLD this medication and inform me. You may need a cream or oral medication to

treat an underlying fungal infection.
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Hypoglycemia

DKA

UTI

Genital mycotic
infections

Bone fracture

Limb amputation

Cohort: DM2, eGFR 74.1,

EMPA-REG CANVAS

N= 7020 N= 10142 N= 4401
Cohort: DM2, eGFR 76.5,
UACR: 70% < 30 mg/g
Duration: 2.4 years

UACR: ~60% < 30 mg/g
Duration: 3.1 years

Canagliflozin vs placebo
Event rate per 1000 pt-yr

Empaglaflozin vs placebo
Event rate %

No difference No difference No difference

(1.3 vs 1.5)

Rare
No Difference

(0.1 vs < 0.1)

No difference No difference No difference

Complicated (1.7 vs 1.8)
Uncomplicated (18.1 vs 18)

(40 vs 37) (48 vs 45)

No difference No difference

(3.8 vs 3.9) (11.8vs 12.1)

No difference No difference

(12.3 vs 11.2)

CREDENCE

Cohort: DM2, eGFR 56.2 +/- 18.2
Mean UACR: 927 mg/g
Duration: 2.6 years

Canagliflozin vs placebo
Event rate per 1000 pt-yr

DECLARE-TIMI

N= 17160

Cohort: DM2, eGFR 85.4 +/- 16
UACR: NA

Duration; 4.2 years

Dapagliflozin vs placebo
Event rate %

No difference

No difference

(1.5vs 1.6)

Higher in DAPA
Uncomplicated (0.9 vs 0.1)
6 cases- Fournier gangrene

(1in DAPA,; 5 in placebo)

No difference

(5.3 vs 5.1)

No difference

(1.4 vs 1.3)

DAPA-HF

N= 4744

Cohort: DM2 and non-DM, eGFR
66 +/- 19.6; UACR NA

Duration: 18.2 months

Dapagliflozin vs placebo
Event rate %

No difference

(0.2vs 0.2)

Rare
3 cases in DAPA

(0.1 vs 0)

No difference

No difference
(0 vs <0.1%)
1 case- Fournier gangrene

(0 in DAPA; 1 in placebo)

No difference

(2.1vs 2.1)

No difference

(0.5vs 0.5)

DAPA-CKD

N= 4304

Cohort: DM2 & non-DM; eGFR
43.1+/-12.4; UACR 949 mg/g
Duration: 2.4 years

Dapagliflozin vs placebo
Event rate %

No difference

No difference
(0 vs <0.1%)
1 case-m Fournier gangrene

(0 in DAPA; 1 in placebo)

Higher in DAPA

(4% vs 3.2%)

No difference

(1.6 vs 1.8)



Prevalence of RAASI* prescription by CKD stage and country

@ Other (direct renin inhibitors, aldosterone receptor antagonists)

% of patients mBoth ACEi and ARB

100 B ARB

mACEi

80

60

40

20

0 .

CKD Stage: 3a 3b 4 5 3a 3b 4 5 3a 3 4 3a 3b 4 5

Npts: 36 105 272 102 466 1125 1236 123 123 238 1007 81 221 589 146
RAASI* use: 89% 74% 69% 41% 77% 79% 76% 72% 85% 79% 79% 59% 62% 51% 32%

Brazil France Germany us

* Includes ACEi (angiotensin-converting enzyme inhibitor) or ARB (angiotensin |l receptor blocker), direct renin
inhibitors, and aldosterone receptor antagonists



It's estimated that only 5% of
patients with type 2 diabetes and
chronic kidney disease are
currently treated with SGLT?2
inhibitors

Main barrier was clinical inertia

McCoy et al. Clin Diabetes. 2020
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BUT KEEP GOING
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Sulfonylurea Rxs significantly higher 











ECHO
Cardiometabolic teleECHOTwm Clinic

Patient Recommendation Form

Presentation Date: June 15, 2022 Presenter name: Jaya DeElena, DNP, FNP-BC, ARNP

Presenter Facility: UW Neighborhood Clinics

Case Report Recap: Pt is a female, with history of diabetes and many micro and macrovascular complications including
diabetic neuropathy, diabetic retinopathy with macular edema, osteomyelitis and partial right foot amputation with
delayed wound healing, h/o of Ml and CVA. Many comorbidities including BMI 38, dyslipidemia (LdL 137, Rheumatoid
arthritis, urolithiasis, colitis, age related cataracts, vulvovaginitis.

H/o intolerance/allergies to multiple medications: metformin, empagliflozin, SC semaglutide

She has failed CGM trials: falls off, don’t work.

Strong FH of CAD, paternal side (dad, both paternal grandparents), Family Hx of breast cancer (mother &
grandmother), sister colon cancer

Current Medication(s) (including dose frequency):

Medication Dose ‘ Frequency
Rosuvastatin 5 mg iBefore bed once daily
Liraglutide 5Q 1.2 mg Once daily
Glargine 20 units EBID
Augmentin 872-125 mg l§|3.||_3
Doxycycline 100 mg BID
Nystatin 10000 powder 1 application Edaitv
Oxycodone 5mg iPRN
Loperamide 2mg PRN
Naproxen 880 mg iPRN
Prednisolone-Moxiflox-Nepafaenac 1-0.5-1 '1 drop eye daily

Case Recommendations:

6.

Discuss in a non-judgmental way how much insulin the patient was taking prior to the surgery

Gather more data from CGM re-attempt and/or try checking fasting glucose levels for 2-3 days, 2-4 times prior
to meals and bedtime since Alc does not currently match fasting glucose

Reduce glargine to 30 units once a day in the morning.

Consider prandial insulin 5-9 units depending on meal size or if it is too complicated, start at 5 units with one
meal a day

Attempt to further maximize liraglutide by 1 click every 2-3 days. Increase from 1.2mg, then slowly get to goal of
1.8mg. Hold at dose if any Gl issues.

Maximize Rosuvastatin. Start slow perhaps 10 then 20 then 40 and consider adding ezetimibe for optimal <70
LDL goal

Consider Ace or Arb (but may also have allergy so discuss) and check for albuminuria.

PLEASE NOTE that Project ECHO® case consultations do not create or otherwise establish a provider-patient relationship between any UW or
ECHO clinician and any patient whose case is being presented in a Project ECHO® setting



10.
11.

12.

13.

14.

15.

16.

Monitor triglycerides. Therapy may be indicated but first do fasting lipid panel and address at later date. Must
balance number of meds and side-effects vs benefit and cost.

Consider ASA therapy, if no allergy, due to Ml and CVA

Explore with patient her adjustment to chronic medical conditions and the more recent partial right foot
amputation she underwent. Adjustment can be considered in the form of emotional well-being, physical
functioning, changes in lifestyle, quality of life, etc.

Screen for depression and refer/treat, accordingly.

Screen for diabetes distress using Diabetes Distress Scale. Responses can be used to guide conversation with
patient about her attitude towards and challenges of having diabetes to assist with adjustment and treatment
planning. (www.diabetesdistress.org)

Learn more about extent of patient’s participation in physical rehabilitation (e.g., physical therapy,
occupational), what progress has been made, and are more services necessary. Also, is patient able to return to
the job she had/is it possible for her to do the work she did prior to the partial right foot amputation? If not, |
recommend she seek vocational rehabilitation services through DSHS Division of Vocational Rehabilitation.
(www.dshs.wa.gov/dvr)

Explore further with patient her plan for making changes to her eating habits and food choices. Is she setting
realistic goals for herself? How confident is she that she can meet these goals? When she thinks about making
goals for herself, is she considering short-term and long-term? For example, how likely is it that she can sustain
being on a keto diet or a diet of Swiss cheese and watermelon? Such approaches are rigid and ultimately
ineffective. | would ask patient to reconsider working with a nutritionist to assist with snack/meal planning, at
least, that fits in with patient’s typical ways of eating and lifestyle.

Obesity, diabetes, and colitis are medical conditions in which there is much focus on food and body. The
nutritionist could also explore the patient’s attitude towards food and concerns about body size/shape/weight
to screen for disordered eating behaviors that could be negatively impacting her medical treatment. This
exploration could also be done by other primary care providers as well if patient chooses to not participate in
medical nutrition therapy.

Given patient’s multiple medical conditions, some of which are influenced by lifestyle choices, you could explore
with the patient what is her sense of self-agency regarding prevention/intervention and how does that impact
her approach to making healthful changes. (www.cancercontrol.cancer.gov/sites/default/files/2020-
06/theory.pdf)

Are there aspects of this patient’s culture that her providers would benefit from considering when it comes to
her treatment recommendations?

Nicole Ehrhardt, MD

Wecole Etntiards

physician Signature Nicole Ehrhardt

Represent case Aug 2022

PLEASE NOTE that Project ECHO® case consultations do not create or otherwise establish a provider-patient relationship between any UW or
ECHO clinician and any patient whose case is being presented in a Project ECHO® setting
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