\ Identificazione Pazienti DM2 a rischio, con/danno
cardiorenale e appropriato utilizzo di SGLT2

Dall’AUDIT CLINICO alla COMPETENZA CERTIFICATA

Protezione cardio-renale nel paziente diabetico tipo 2: dalle evidenze alla pratica clinica
Angelo Avogaro
Universita di Padova
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DISCLOSURE

In qualita di RELATORE, ai sensi dell’art.76 sul Conflitto di Interessi dell’Accordo Stato-Regioni
del 2 febbraio 2017, dichiaro che negli ultimi due anni ho avuto i seguenti rapporti di
finanziamento con soggetti portatori di interessi commerciali in campo sanitario:

Novo, Lilly, Sanofi, Astrazeneca, Boehringher, Amgen, Dayki Sankio, MSD, Amarin, Bruno
Farmaceutici

Dichiaro, inoltre, che i contenuti formativi esposti sono indipendenti da interessi commerciali.
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Perché Cardio-Renale?
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Lagosz et al. Biomolecules 2023
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Come «testare» il cuore?



Machine Learning to Predict the Risk of Incident Heart Failure Hospitalization Among
Patients With Diabetes: The WATCH-DM Risk Score

Diabetes Care. 2019;42(12):2298-2306. doi:10.2337/dc19-0587
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Heart failure hospitalization according to the WATCH-DM score.
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WATCH-DM Groups

Incident heart failure at 5
years (%)

1 (Very low risk)

Il (Low risk)
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IV (High risk)

V (Very high risk)

3.18(3.10, 3.26)
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Deo et al. Circulation 2024



scientific reports

W) Check for updates.

OPEN Performance assessment
across different care settings
of a heart failure hospitalisation
risk-score for type 2 diabetes using
administrative claims

Alessandro Guazzo?, Enrico Longato?, Mario Luca Morieri?, Giovanni Sparacino?,
Bruno Franco-Novelletto™*, Maurizio Cancian**, Massimo Fusello®, Lara Tramontan®,
Alessandro Battaggia®*’, Angelo Avogaro?”, Gian Paolo Fadini®” & Barbara Di Camillo®%7"

Age (yrs) Sulfonylureas

<45 0| |Yes -3 | Yes 1 Yes -2
46 - 49 5 '

SIYREETN Anticoagulants | Insulin

55-59 15| Yes 6 Yes 6 Yes 3
60-64 20 |, '

65-69 25 Platelet aggregation inhibitors

70-74 30 | | Yes 3 Yes 5
75-79 35

80-84 40 Calcium channel blockers

> 85 45 | | Yes 4 Yes 5

Demographic Medications

Yes 3 Yes 2
Risk score HHF Risk Group 5-year HHF Risk
< 26 points Low 1.3%
27-52 Medium 6.7%

> 53 High 19.5%




Come «testare» il rene?



Ideal CKD screening and diagnosis should consist of a dual assessment of GFR and
albuminuria

Persistent albuminuria categories
(mg/g)

Al A2 A3

Normoalbuminuria Microalbuminuria Macroalbuminuria

<30 30-300 >300

Normal or high >90

Mildly decreased 60-89
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decreased

Moderately to 30-44
severely decrease
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Severely decreased |15-29

Kidney failure <15

Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Work Group. Kidney Int Suppl 2013;3:1-150; Shlipak MG, et al. Kidney Int 2021;99:34-47



Age-Standardized Rates of Cardiovascular Events and Hospitalization according to
Estimated GFR

354
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=60 45-59 30-44 ]5-29 <15
Estimated GFR (ml/min/1.73 m?)
No.of Events 73 108 34690 18580 8305 3824

Events (per 100 person-yr)

Age-Standardized Rate of Cardiovascular

144.61

100 86.75

45.26
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20_ 13'54 17.22
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=60 45-59 30-44 15-29 <1
Estimated GFR (ml/min/1.73 m?)

Alan Go et al. NEJM 2004 No. of Events 366,757 106,543 49,177 20,581 11,593

{per 100 person-yr)
g

Age-Standardized Rate of Hospitalization



Adjusted HR

The same risk for microalbuminuria

Risk of all-cause mortality according to UACR Risk for ESKD in populations with CKD,
in individuals with and without diabetes®= stratified by UACR and diabetes statusP-¢
87 No diabetes, 95% ClI 64 - No diabetes, 95% ClI
—@— Diabetes, 95% CI 304 —@— Diabetes, 95% CI_____:—“_r
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aReference point (diamond) is UACR of 5 mg/g in the no diabetes group, for both individuals with and without hypertension, to show the main effect of diabetes on risk; "HRs were adjusted for age, sex, race,
smoking, history of CVD, serum total cholesterol concentration, BMI, and eGFR; °Blue and purple circles denote P<0.05 as compared with the reference (diamond); ¢CKD defined as eGFR of <60 mL/min/1.73
m?; ¢Reference point (diamond) is UACR of 20 mg/g.

BMI = body mass index; Cl = confidence interval; CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate;
ESKD = end-stage kidney disease; HR = hazard ratio; UACR = urine albumin:creatinine ratio.

Fox CS et al. Lancet. 2012;380:1662—-1673. Fox CS et al. Lancet. 2012;380:1662—-1673.



MANIFESTAZIONI CLINICHE DI MALATTIA RENALE NEI PAZIENTI ADULTI ©
AMERICANI CON DIABETE MELLITO NEGLI ANNI 1988-2014

Prevalent cases of diabetic kidney disease in the United States accounting for persistence

-5- M 1988-1994 MW 1999-2004 W 2005-2008 ™ 2009-2014
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All diabetic kidney disease Albuminuria Impaired eGFR

(UACR >30 mg/g) (<60 ml/min/1.73 m?)
20% WY O
30% 20%

*Adjusted for age, sex, and race/ethnicity. p-values are for trend
UACR, urine albumin-to-creatinine ratio Afkarian M et al., JAMA, 2016 USRDS



Come attuare la protezione cardio-renale?



Weight Ioss.

Decreased oxidative stress s
(ex NOX1, HO-1)

Increased pro-vascular |
progenitor cell content

Improved vessel
homeostasis and integrity

«. Decreased HbA1c

» Decreased inflammation

¢ Improved cardiac functioning

¢ Decreased cardiovascular risk

Terenzi et al. Cardiovasc Res 2024



Potential Effects By Which SGLT-2 Inhibition Improves Renal Outcomes

CLINICAL EFFECTS

Reduce Glomerular Pressurel
1 Afferent vasoconstriction

Stabilization of eGFR?
lGlomerular hyperfiltration

Neurohormonal Improvement
lIntrarenal RAAS activity?

= |Blood Pressure?
LSNS activity*

A [nflammation/Fibrosis
4 Reductions?!?

Y |Inflammatory markers

|Fibrotic markers

A\ | Tubular/Glomerular Injury?!?2
JAlbuminuria

i Decreased Renal Workload
1 ) and Hypoxial?2

| Solute transport

1Oxygen demand

|Renal Ischemic Injury?!
THb/hematocrit?

eGFR=estimated glomerular filtration rate; Hb=hemoglobin; RAAS=renin angiotensin aldosterone system; SNS=sympathetic nervous system.
1. Heerspink HJL, et al. Kidney Int. 2018;94(1):26-39. 2. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 3. Shin SJ, et al. PLoS One. 2016,;11:e0165703. 4. Sano M. J Cardiol. 2018;71(5):471-476.



SGLT2i e cardioprotezione

TRIAL CV death or HF hospitalization HR  (95%Cl)
|
67

EMPA-REG e | (0.56 - 0.80)
|

CANVAS =4 | (0.67 -0.91)
0.84 |

DECLARE s | (0.74-0.95)

0.71

CREDENCE @ | (0.59 - 0.85)
|

DAPA-HF o 4 | (0.68 - 0.87)
0.72 !

DAPA-CKD ° | (0.56-0.93)

VERTIS-CV - — (0.77 - 1.03)
|

EMPEROR-R L | (0.69 - 0.88)
|

SCORED LT | (0.67-0.85)

SOLOIST-WHF e | (0.62-0.78)
0.79 |

EMPEROR-P g | (0.69 - 0.90)
|
0.77 |

Overall —— : (0.73 - 0.82)
|
|

12 = 23%, P = 0.20

0.5 0.6 0.7 0.8 0.9 1.0 1.1

Favors SGLT-2i
Giuliano et al Cardiovasc Diabetology 2021



DELIVER and EMPEROR-Preserved: consistent reductions in primary endpoint
(heart failure hospitalization or CV death) across LVEF range

LVEF 41-49%

LVEF 50-59%

LVEF 260%

Kotit 2023

LVEF Range

DELIVER (n=2,116)
EMPEROR-Preserved (n=1,983)

Overall

DELIVER (n=2,256)
EMPEROR-Preserved (n=2,058)

Overall

DELIVER (n=1,891)
EMPEROR-Preserved (n=1,947)

Overall

P

heterogeneity

=0.42 0.50

HR (95% CI)
—l— 0.84 (0.69-1.02)
L 0.71 (0.57-0.88)
. QKO )1
. I:(ROOO'(IS, 95% C1 0.67-0.90
&8 0.79 (0.64-0.98)
i 0.80 (0.64-0.99)
. 0 ”
T szRoooZ)g’ 95% CI1 0.68-0.93
i 0.76 (0.60-0.96)
&1 0.87 (0.69-1.10)
e HR 0.81; 95% Cl 0.69-0.96
P=0.01
075  1.00 1.25



SGLT2i e Nefroprotezione

TRIAL Kidney outcome HR (95%Cl)

|

EMPA-REG - : (0.40 - 0.75)

CANVAS u.fu : (0.47 - 0.77)
0.53 '

DECLARE - : (0.43 - 0.66)

CREDENCE o : (0.53 - 0.81)

DAPA-HF O ! (0.44 - 1.16)
0.56 '

DAPA-CKD E ! (0.45 - 0.68)

0.81

VERTIS-CV - : (0.64 - 1.03)

EMPEROR-R L : (0.32-0.77)
I

SCORED L : (0.46 - 1.08)

EMPEROR-P = (0.73 - 1.24)
I

Overall _“fﬁ_ - (0.56 - 0.75)
12 = 35%, P =0.10 |

| y ; 5 | | 3 i
0.3 05 06 0.7 0.8 1.0 1.3 1.4

Giuliano et al Cardiovasc Diabetology 2021

Favors SGLT-2i



Kidney outcomes associated with use of SGLT2 inhibitors in
real-world clinical practice (CVD-REAL 3): a multinational
observational cohort study

Hiddo J L Heerspink, Avraham Karasik, Marcus Thuresson, Cheli Melzer-Cohen, Gabriel Chodick, Kamlesh Khunti, John P H Wilding,
Luis Alberto Garcia Rodriguez, Lucia Cea-Soriano, Shun Kohsaka, Antonio Nicolucci, Giuseppe Lucisano, Fang-Ju Lin, Chih-Yuan Wang,

Eric Wittbrodt, Peter Fenici, Mikhail Kosiborod

Mean change in eGFR (mL/min per 1.73m?)

-6

Number at risk

SGLT2 inhibitors

Other glucose-lowering
drugs

-®- SGLT2 inhibitors
—A— Other glucose-lowering drugs

-12

15738
14718

T
6

12225
11669

II T T T T
-3 -1 0 1 3 6 12

Time since index date (months)
8825 13650(5268 8370 8902 7294
8906 12342| 4693 6998 7518 5928
19455

18567

18

3495
2550

24

2127
1572



Kidney outcomes associated with use of SGLT2 inhibitors in
real-world clinical practice (CVD-REAL 3): a multinational
observational cohort study

Hiddo J L Heerspink, Avraham Karasik, Marcus Thuresson, Cheli Melzer-Cohen, Gabriel Chodick, Kamlesh Khunti, John P H Wilding,

Luis Alberto Garcia Rodriguez, Lucia Cea-Soriano, Shun Kohsaka, Antonio Nicolucci, Giuseppe Lucisano, Fang-Ju Lin, Chih-Yuan Wang,
Eric Wittbrodt, Peter Fenici, Mikhail Kosiborod

1 SGLT2 inhibitors 3 Other glucose-lowering drugs

A B
Difference (95% Cl) 153 (134t01.72) 1.96 (1-52 to 2-39) 1.46 (1.26 to 1.67) 170 (1-19 t0 2.20) 1.21(0-88 to 1.55) 1.84 (14810 2.20)
pvalue p<0-0001 p<0-0001 p<0-0001 p<0:0001 p<0:0001 p<0:0001
— 154 0-75 1.0 0-57 (0-35t0 0-79)
E 046 (0-46t0 1-04) 0-22(-0-15t0 0°59)
Mmoo 10 . 031
3 (0340 058) (047 10 0-44) ~018 (-0-41t0 0.06)
- U T
£
£ I B
5 0
E 5 5
g -079
@ -1.0 (-105t0-054)
‘o
S -15- an 121 —2:0+ 154 I
5 o (-1:35to0-1.06) -1.27 (-1.59 0 -0-94) (-1-37 to -1.05) )s (-1.89t0-1.20) -2-04 (-2:32t0-1.77)
-2 T T 1 -2 T T
All patients HbA . HbA,, eGFR <60 eGFR 60-90 eGFR >90
<53 mmol/mol (7%) >53 mmol/mol (7%)
SGLT2 inhibitors n=9662 n=1378 n=8260 n=973 n=4007 n=4682
Other glucose-lowering n=8172 n=1130 n=7025 n=976 n=3330 n=3866

drugs
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Long-term benefits of dapagliflozin on renal outcomes of type ©

. . . . o 90+ :
2 diabetes under routine care: a comparative effectiveness - £ DD ol
study on propensity score matched cohorts at low renal risk % 851 (95% C.I. 1.13-2.48)
£ p<0.0001
Gian Paolo Fadini®*"* Enrico Longato,”" Mario Luca Morieri,* Stefano Del Prato,” Angelo Avogaro,” and Anna Solini,* E
DARWIN-Renal Study Investigators E 80+
o
l(lﬁ — Dapagliflozin
© 752 = Comparators

0 12 24 36 48 60

Months after index date
No. of patients

Dapaglifiozin 4547 1988 1418 919 1058 699*
Comparators 4241 1997 1530 1197 1486 1139"

*54 months



Long-term benefits of dapagliflozin on renal outcomes of type ©
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% — Dapagliflozin
© 754 — Comparators

r T T 1

0 12 24 36 48 60
. Months after index date
No. of patients
Dapaglifiozin 4547 1988 1418 919 1058 699*
Comparators 4241 1997 1530 1197 1486 1139*

*54 months

b eGFR slopes
Total Chronic

0.5- € Dapagliflozin
¢ Comparators

ml/min/1.73 m2/year

L J L J

p<0.001 p<0.001




Long-term benefits of dapagliflozin on renal outcomes of type

. . . . o 901 P
2 diabetes under routine care: a comparative effectiveness - £ PO sl
study on propensity score matched cohorts at low renal risk % 851 (95%C.. 1.13-248
e p<0.0001
Gian Paolo Fadini®™"* Enrico Longato,”" Mario Luca Morieri,* Stefano Del Prato,” Angelo Avogaro,” and Anna Solini,* E
DARWIN-Renal Study Investigators £ 80-
o
l-é — Dapagliflozin
© 754 - Comparators

0 12 24 3 48 60
. Months after index date
No. of patients

Dapaglifiozin 4547 1988 1418 919 1058 699*
Comparators 4241 1997 1530 1197 1486 1139*

*54 months
b eGFR slopes
0.0 Total Chronic
g 0.5-  Dapaglifiozin
“E ¢ Comparators
-1.0-
R & 4
'\; -1.54
E ¢
E-Z 0+ §
2.57 L ) L J
p<0.001 p<0.001
C 250+ Difference
-44,.3 mg/g (95% C.I. -66.9 to -21.7)
B 2001 p<0.0001 . .
>
E 1501
% 100
=)
B0 Comparators
04 — Dapagliflozin

0 12 24 36 48 60
Months after index date
No. of patients
Dapagliflozin 2660 695 467 358 382  264*
Comparators 2577 739 520 400 545 437



Long-term benefits of dapagliflozin on renal outcomes of type

Difference
1.81 ml/min/1.73 m2
(95% C.I. 1.13-2.48)
p<0.0001

— Dapagliflozin
—— Comparators

0 12 24 36 48 60
Months after index date

4547 1988 1418 919 1058 699*
4241 1997 1530 1197 1486 1139*

eGFR slopes
Total Chronic

€ Dapagliflozin
¢ Comparators

p<0.001 p<0.001

Difference
-44,.3 mg/g (95% C.I. -66.9 to -21.7)
p<0.0001

— Comparators

. . . . a & 901
2 diabetes under routine care: a comparative effectiveness £
study on propensity score matched cohorts at low renal risk % 85
Gian Paolo Fadini ™" Enrico Longato,”” Mario Luca Morieri® Stefano Del Prato,” Angelo Avogaro,® and Anna Solini,® E
DARWIN-Renal Study Investigators E 804

o
L
S 7.
Mean (SEM) p for interaction
Baseline age 0.249
Above median —e— 1.49 (0.51) No. of patients
Below median —e— 0.75 (0.39) Dapagliflozin
Sex 0.943 Comparators
Male —— 1.64 (0.43) *54 months
Female —— 1.69 (0.54)
Diabetes duration 0.007
Above median —— 2.76 (0.50)
Below median —— 0.94 (0.44) b
Baseline HbA1c 0.691
Above median . 2.08 (1.09) 0.0
Below median o 1.62 (0.35) -
Baseline eGFR 0.024 3 -0.51
Above median b 1.18 (0.38) o~
Below median —— 2.45(0.38) 5 -1.04
Baseline UACR 0.030 N~
<30 mg/g e 1.00 (0.37) T -1.51
30-299 mg/g A 2.93(0.82) e
300+ mg/g ' * 1 6.51(1.73) -E -2.04
Baseline CKD 0.007
No e 0.99 (0.37) -2.5-
Yes e 3.08 (0.67)
Microangiopathy 0.013
No [ 1.09 (0.40)
Yes —e— 2.82 (0.56)
Macroangiopathy 0.285
No . 1.39 (0.40) c 2501
Yes —e— 2.17 (0.61) — 200-
Use of insulin <0.0001 2
No e 0.84 (0.40) 8’ 150
Yes —— 3.64 (0.61) =
RAS blockers 0.880 & 100
No —e—i 1.74 (0.50) <
Yes Ce 1.64 (0.44) > 504
-5 0 5 10 ¢

Difference in eGFR, ml/min/1.73 m? (95% C.l.)

No. of patients
Dapagliflozin
Comparators

— Dapaglifiozin

0 1‘2 24 3'6 48 60
Months after index date

2660 695 467 358 382 264"
2577 739 520 400 545 437"



Increased pro-vascular
progenitor cell content

‘o~ ©3

L

Improved vessel
homeostasis and integrity

2

Decreased HbA1c @

)
Decreased cardiovascular risk

Decreased oxidative stress
(ex NOX1,HO-1)

» Decreased Inflammation

Weight loss

Terenzi et al. Cardiovasc Res 2024



Meta-analyses of CVOTs with GLP-1 RA (omitting ELIXA):

Risk of MACE/components

7

>
B

TRIAL GLP-| receptor
Three-point MACE agonist nN (%)
E@EEETD cov4ess(i3%)
10871648 7%)
83977356 (11%)
a3l %)
EETED  sovesn (12%)
[ PIoNEERs EERCTIEDNCS
1892717 7%)
Subtowal (I = 14.9% P = 0316)
Gardiovascular death
@ECETD 2194668(5%)
wisss %)
CED  0nsey
1224731 (%)
CETTD 317450 %)
GEEITD  sissi(n)
75717 0%)
Subtonal (I = 12.4% P = 0.335)

Fatal or non-fatal myocardial infarction
2924648 %)
swises o)
4BUTI% (7%)
1814731 (4%)
GEIED 230490 (5%)
[ PIONEERE R
N7 0%)
Subtotal (I = 16.2% P = 0.306)

Fatal or non-fatal stroke
QT s )
3071648 2%)
18717356 (3%)
ST (%)
1584949 (3%)
[ Pioneere  EEILUN(ED
4702017 (2%)

Subtoul (I = 0.0%,P = 0.503)

Note: Weights are from random effects analysis

>

Placebo Hazard ratio
N (%) 95%Cl)
69414672 (15%) - 0.87 (0.78-0.97)
1461649 (7%) - 0.74 (0.58-0.95)
90517396 (12%) - 091 (0.83-1.00)
4204732 (¥%) —— 078 (0.68-0.90)
66304952 (13%) | 088 (0.79-0.99)
7601592 (3%) —— 079 (0.57-1.11)
12501359 (¥%) —_— 073 (0.58-092)

& 0.85 (0.80-0.90)
27814672 (6%) e - 078 (0.66-093)
461649 (0%) ————— 098 (065-1.48)
3837396 (5%) —— 088 (0.76-1.02)
13004732 (3%) e 093 (0.73-1.19)
346/4352 (7%) — 031 (0.78-1.06)
V5N AX) ¢ 049 (027-092)
S01359 (4%) _ 072 (0.50-1.03)
& 085 (0.78-093)
33%4672 (%) e 086 (0.73-1.00)
E711649 (4%) R 081 (057-1.16)
49317396 (7%) — 097 (0.85-1.10)
24004732 (5%) —— 075 (061-0.90)
23114952 (3%) s 096 (0.79-1.15)
3571592 (%) e 1.04 (0.66-1.66)
S8/1359 (4%) — - 075 (0.54-1.05)
& 088 (081-096)
1994672 (4%} e 0.86 (0.71-1.06)
46/1649 (3%) t 0,65 (0.41-1.03)
218739 (3%) — 085 (0.70-1.03)
1084732 (2%) e 086 (066-1.14)
20514952 (4%) —— 076 (0462-0.94)
12/1592 (1%) et 076 (0.37-1.56)
3111359 (%) —_—t 074 (047-1.17)
ES 081 (0.74-090)
S p—|
05 | 15

&F:‘vours GLP-IRA  Favours Placebo %

INNT
(95% C1)

ol
00069
61 (46-92) <0.000|

0007
0%2
0096
058
021
(1]
007
142 (97-305) 0.0005

0046
026
062
0003
08
049
0
154 (97-463) 00048

016
0066
0095
030
00i0
043
019
171 (124-324) <0.000|

Sattar N. et al. The Lancet Diabetes & Endocrinology 2021; 9: 653-662

@Esc—

Subgroup analyses for risk of three-point MACE in patients

Subgroup

with and without ASCVD

GLP-1 receptor

agonist nN (%) Placebo n/N (%)

Hazard

p
ratio (95% Cl)  interaction

i-:stablished cardiovascular disease

Yes
No

2208/20639 (11%) 2485/19398 (13%)
492/6725 (7%) 521/6684 (8%)

Subtotal (I-squared = 70.0%, p = 0.068)

-

0.83 (0.79, 0.88) 0.068
0.94 (0.83, 1.06)
0.87 (0.77,0.98)

©ESC

2023 ESC Guidelines for the management of cardiovascular disease in patients with diabetes
(European Heart Journal; 2023 — doi:10.1093/eurheartj/ehad192)
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Aggiungere PIO, Insulina Continuare




SID

Societd Itoliana
di Diabetologia

Senza Malattia CV ALLEANZA PER IL DIABETE

Agonisti recettore GLP1 Inibitori SGLT2

Inibitori DPP4 Acarbose Pioglitazione Insulina

Le associazioni tra pit farmaci devono essere prescritte secondo le
indicazioni delle rispettive schede tecniche.

Inibitori DPP4 Acarbose Pioglitazione Insulina

Con Malattia CV

Le associazioni tra pit farmaci devono essere prescritte secondo le
indicazioni delle rispettive schede tecniche.

Inibitori SGLT2

Inibitori DPP4** Acarbose Insulina

Con Scompenso cardiaco

Le associazioni tra piu farmaci devono essere prescritte secondo le
indicazioni delle rispettive schede tecniche. *La metformina e con-
troindicata in classe Il e IV NYHA; **Saxagliptin € associato ad un
aumento di ricoveri per scompenso cardiaco



CARDIOVASCULAR CONTINUUM EARLY TREATMENT

P—— m R
ENDOTHELIALDYSFUNCTION
MICROVASCULAR DYSEUNCTION >UBCLINICAL ATHEROSCLEROSIS TARGET ORGAN DEMAGE

LITTLE, ON TIME MUCH, DELAYED TOO MUCH, TOO LATE
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