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ODbjectives

Review the scientific evidence supporting the cardiovascular and
renal benefits of SGLT?2 inhibitors and GRAL

’f‘&l Improve understanding of the potential adverse effects linked
with these new medications, enabling safer prescription practices.



Historical Perspectives



Factors affecting the choice of
antihyperglycemic therapy in T2DM

AMetformin
ASulfonylureas

__ AThiazolidinediones
@ hoopanibior
Alnsulin
.

Efficacy (HbAlc reduction)

T



Table 4. Rates of Myocardial Infarction and Death from Cardiovascular Causes.
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Effect of Rosiglitazone on the Risk of Myocardial Infarction
and Death from Cardiovascular Causes

Steven E. Nissen, M.D., and Kathy Wolski, M.P.H.

N Engl J Med 2007; 356:243471

Study Rosiglitazone Group

Control Group

no. of events ftotal no. (%)

Myocardial infarction

Small trials combined 44/10,285 (0.43)

DREAM 15/2,635 (0.57)
ADOPT 27/1,456 (1.85)
Overall

Death from cardiovascular causes

Small trials combined 25/6,845 (0.36)

DREAM 12/2,635 (0.46)
ADOPT 2/1,456 (0.14)
Overall

22/6106 (0.36)
9/2634 (0.34)
41/2895 (1.42)

7/3980 (0.18)
10/2634 (0.38)
5/2895 (0.17)

Odds Ratio
(95% Cl)

1.45 (0.88-2.39)
1.65 (0.74-3.68)
1.33 (0.80-2.21)
1.43 (1.03-1.98)

2.40 (1.17-4.91)
1.20 (0.52-2.78)
0.80 (0.17-3.86)
1.64 (0.98-2.74)

P Value

0.15
0.22
0.27
0.03

0.02
0.67
0.78
0.06

Rosiglitazone was associated with a significant
increase in the risk of myocardial infarcticgt8fo

increased riskand with an increase in the risk of

death from cardiovascular causes that had

borderline significance




Guidance for Industry

Diabetes Mellitus — Evaluating
Cardiovascular Risk in New
Antidiabetic Therapies to
Treat Type 2 Diabetes

Additional copies are available from:

Office of Communications
Division of Drug Information
Center for Drug Evaluation and Research

Food and Drug Administration
10903 New Hampshire Ave., Bldg. 51, rm. 2201
Silver Spring, MD 20993-0002
E-mail: druginfo@fda hhs.gov
Fax: 301-847-8714

(Tel) 301-796-3400
hitp:/www fda govicder/guidance/index. htm

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

December 2008
Clinical/Medical

Diabetes Care 2018;41:431



Design of CVOT

A Aim ¢ demonstrates cardiovascular safety (no increase in CV risk compared to
placebo)
ADesign:
A Patientsc established CVD or have risk factors of ASCVD
APrimary outcome; 3-point MACE (CV death, nonfatal MI, nonfatal stroke)
ANonvinferiority study (upper limit of Zided confidence interval < 1.3)
ADrug vs placebo with no major difference in characteristics between two arms



New Era of Cardiovascular Outcome Trials



ELIXA EXSCEL
(lixisenatide) (exenatide)
4P-MACE 3P-MACE

2013 2014 2015 2016 2017 2018 2019 2020 2021

EMPA-REG OUTCOME REWIND
(empagliflozin) (dulaglutide)
3P-MACE SUSTAIN-6 HARMONY OUTCOMES 3P-MACE AMPLITUDE-O
(injectable (albiglutide)$ (efpeglenatide)

. semaglutide) 3P-MACE 4P-MACE!
CVOTs with Other CVOTs 3P-MACE

significant reduction _
in 3P-/4P-MACE* ' LEADER CANVAS/CANVAS-R
GLP-1 RA GLP-1 RA I (liraglutide) (canagliflozin)
’ - 3P-MACE 3P-MACE

Davieset al. Cardiovascular Diabetology (2022) 21:144



SGLT2 inhibitors
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SGLT2 inhibitors

A Canagliflozin

A Dapagliflozin

A Empagliflozin

A Ertugliflozin

A Others (not licensed by EMA/FDA)
Ipragliflozin,Luseogliflozin
Tofofliflozin Remogliflozin

Dual SGLT1/SGLT2 inhibitor

A Sotagliflozin



EMPAREG Outcome

Primary

A 14% reduction in 3MACE
A 38% reduction in CV death
A Nonfatal stroke- NS

A Nonfatal Mic NS

Other:

A Reduce HHF

A Reduce altause death

N Engl J Med 2015; 373:2127128

A Primary Outcome

B Death from Cardiovascular Causes
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CANVAS

Primary

A 14% reduction in 3MACE
A CV deatit NS

A Nonfatal MI¢c NS

A Nonfatal strokec NS
Secondary

A Beneficial renal outcome
(progression of albuminuria
and composite renal
outcome)

A Reduced HHF

N Engl J Med 2017, 377.:68587

A Death from Cardiovascular Causes, Nonfatal Myocardial Infarction, or Nonfatal Stroke
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DECLARHEMI 58

Primary
A MACENS

A Composite CV death or HigF
27% reduction (mainly driven by
reduction in HHF)

Other:
A Reduced HHF
A Renal benefit

N Engl J Med 2019; 380:38%7

A Cardiovascular Death or Hospitalization for Heart Failure
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Subgroup analysis of DECLARE TIMI 58

A Primary Outcome — CV death, Ml or ischemic stroke

— Prior Ml - Placebo

Prior Ml — Dapagliflozin

20%+
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15%- HR (95% CIl) = 0.98 (0.81 to 1.19)
Patients with only MRF
HR (95% CI) = 1.01 (0.86 to 1.20)
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Circulation. 2019 May 28;139(22):252627.



SGLT2 inhibitorsCVOT

ATrials:
AEMPAREG Outcome (Empagliflozin)
ACANVAS Program(Canagliflozin)
ADECLAREMI (Dapagliflozin)
AVERTIS CV (Ertugliflozin)

ASummary:

AEmpagliflozin and Canagliflozin decrease atherosclerotic CV morbidity and
mortality

ADapagliflozin* and Ertugliflozin did not show benefit inRCE or CV death

AlIn secondary outcome SGLT2i reduced the risk of HHF and showed renal
benefits



GLPIRA

Blood vessels «————————\

{ Blood
pressure

Gastrointestinal tract <’

J Gastric emptying ——Stomach
¥ Chylomicron secretion

GLP1R agonist-related

adverse events .

« Nausea o Intestines
o Diarrhoea

« Vomiting

» Gallbladder disorders

GLP1and GLPIR
agonists

Pancreatic
islet

Acinar cell

Nat RevCardiol20, 463474 (2023)

> Pancreatic islet cells

M Insulin

“—— Central nervous system

=0
| Q’QI"’\?\{;\, 1 Somatostatin
00§ ¥ Glucose
¥ Glucagon
Duc
. Adipocyte
Brain |
=P
L Adiposity
{ Body weight

{ Inflammation

A Twicedaily Exenatide

A Onceweekly Exenatide

_iraglutide

_iIxisenatide

Dulaglutide

A Semaglutide (SC, oral)

A Albiglutide (withdrawn
from the market)

o To I




A Primary Outcome

LEADER 1001 209 yazard ratio, 0.87 (95% CI, 0.78-0.97)

90+ P<0.001 for noninferiority Plagebo
3 304 159 p-0.01 for superiority
- Liraglutide
. £ 704 10 g
[}
Primary & ol
A 13% reduction in 3RACE L S
A 22% reduction in CV death 3 o4 o=t
wv
A Nonfatal stroke- NS § 30- 0 6 12 18 24 30 36 42 48 54
A Nonfatal Mic NS S ig
Other: 5 //
. . . I 1 I 1 | | | I 1
A Protective effect on albuminuria 0 6 12 18 24 30 36 42 48 54
A Reduced altause death (15%) Months since Randomization
No. at Risk

Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407

N Engl J Med 2016; 375:3322



SUSTAHS

Primary

A 26% reduction in 3MACE

A CV death NS

A 39% reduction of notfiatal stroke
A Nonfatal Mic NS

Other:

A Protective effect on albuminuria

N Engl J Med 2016; 375:183844

A Primary Outcome
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REWIND

Primary

A 12% reduction in 3MACE

A CV deatlg NS

A 24% reduction of nofiatal stroke
A Nonfatal Mic NS

Other:

A Protective effect on renal
outcome

Lancet . 2019 Jul 13;394(10193):1230.

A

Composite cardiovascular outcome
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GLPIRAC CVOT

ATrials:
ALEADER (Liraglutide)
A SUSTAMWS (SC Semaglutide)
A PIONEER (oral Semaglutide)
A ELIXA (Lixisenatide)
AEXSCEL (oneeekly Exenatide)
AHARMONY Outcomes (Albiglutide)
AREWIND (Dulaglutide)
AFREEDOMVO (Exenatide SC implants)
AAMPLITUDD (fpeglenatidd

ASummary:

A Liraglutide, SC Semaglutide, Dulaglutide, Albiglutide* g&fpreglenatidé ¢ reduce
ASCVD outcomes

A Lixisenatide, onceveekly exenatide, continuous exenatide infusion and oral
Semaglutideg neutral



Dipeptidyl peptidase 4 inhibitors (DDP4i)

ALYKAOAUO 55tn OGAGAUE Th LINBOSYI

A Sitagliptin
A Linagliptin
A Saxagliptin
A Alogliptin
A Vildagliptin




DDP4 inhibitors

ATrials:
ASAVORIMI 53 (Saxagliptin)
AEXAMINEAlogliptin)
ATECOSS{taglptin
ACAROLINA (Linagliptinglsnpride)
ACARMELINA (Linagliptin)

ASummary:
ADDR4 demonstrates CV safety with no benefits
A Saxagliptin increases the risk of hospitalization for heart failure



Beyond MACE



Additional HF and Renal benefits

Alnitial CVOT suggested additional benefits on HF and renal outcomes.

ATherefore, dedicated HF outcome trials and renal outcome trials were
conducted

ASome of these studies included patients with and without T2DM



Heart Failure



SGLTZ1 Evidence from CVOT

EMPA-REG CANVAS/ CANVAS-R DECLARE-TIMI 58 VERTIS CV
OUTCOME (canaghfiozin) (dapagiifiozin) (ertuglifiozin)
(empagiifiozin)

@ HHF @ HHF @ HHF @ HHE

35%" 33%1 27%? 30%!
reduction reduction reduction reduction

SGLT2i reduced the risk of HHF 0y8300

Davieset al. Cardiovascular Diabetology (2022) 21:144



SGLT2Z1 dedicated HF trials

AHFIE® 9 C > n/E: 0
ADAPAHF (Dapagliflozin)
AEMPEROReduced (Empagliflozin)

AHFpPEREF > 40%)
AEMPERO®Preserved (Empagliflozin)
ADELIVER (Dapagliflozin)

AWorsening HF/Acute HF
A SOLOISWHF Sotagliflozii
AEMPULSE (Empagliflozin)
ADICTATRHF (Dapagliflozin)



DAPAHF

Primary outcome

A 26% reduction (NNT 21)
Secondary outcome:

A HHE 30% reduction

A CV deatft 18% reduction

A Death from any cause17%
reduction

N Engl J Med 2019;381:192608.

A Primary Outcome

1005 397 Hazard ratio, 0.74 (95% Cl, 0.65-0.85)
90_ 25 P<0001
g 80 - 20—
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0 3 6 9 12 15 18 21 24

Months since Randomization

No. at Risk
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210
Dapagliﬂozin 2373 2305 2221 2147 2002 1560 1146 612 210

Composite of

A Worsening heart failure (hospitalization or an urgent
visit resulting in intravenous therapy for heart failure)
or

A CV death.



EMPERGOGReduced

Primary outcome

A 25% reduction
Secondary outcome:

A HHFE 31% reduction

A Slower decline in eGFR
A CV deatlt NS

N Engl J Med 2020;383:1423

A Primary Outcome

Estimated Cumulative Incidence (%)

No. at Risk
Placebo
Empagliflozin

Composite of
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A Hospitalization for worsening heart failure or
A CV death.



100 25

Hazard ratio, 0.79 (95% Cl, 0.69-0.90)
90 P<0.001 Placebo
204
80
15—
EMPERGRreserved £ o
3 10—
£ 60
E 50 >
-% 40_ 0 T T T T T T T T T T T 1
Primary outcome _E 0 3 6 9 12 15 18 21 24 27 30 33 36
3 304
) o
A 21% reduction 2ol
Secondary outcome: 10+ //’//
A HHF 29% reduction I I
A Slower dec“ne |n eGFR Months since Randomization
No. at Risk
A CV deatlg NS ooeiforin 2997 2098 043 2780 2008 éar 2134 138 1978 1o 1008 208 402

Composite of
A Hospitalization for heart failure or
A CV death.

N Engl J Med 2021,385:1461



DELIVER

Primary outcome

A 18% reduction
Secondary outcome:

A WHF¢ 21 % reduction
A CV deatlt NS

N Engl J Me@022;387:10891098

A Primary Outcome

30+
Hazard ratio, 0.82 (95% Cl, 0.73-0.92)
100 25+ P<0.001 Placebo
20 20-
= 804
X 15— Dapagliflozin
) 704
=
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o
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g
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E 30+ 0 90 180 270 360 450 540 630 720 810 900 990 1080
S —
O 20
10—/
0 T T T T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810 900 990 1080
Days since Randomization
No. at Risk
Placebo 3132 3007 2896 2799 2710 2608 2318 2080 1923 1554 1140 772 383

Dapagliflozin 3131 3040 2949 2885 2807 2716 2401 2147 1982 1603 1181 801 389

Composite of

A Worsening heart failure (an unplanned hospitalization
for heart failure or an urgent visit for heart failure) or

A CV death



Renal outcome



SGLT2 inhibitoisRenal outcome in CVOT

EMPA-REG CANVAS/ DECLARE- VERTIS CV
@ OQUTCOME @ CANVAS-R @ TIMI 58 (ertugliflozin)
(empagiifiozin) (canagiifiozin) (dapagiifiozin)

Doubling of S 5 (?’t’jsct;:el(r:‘ri;se Sustained

serum Cr o ety o ok . 240% .
(with eGFR £45 s serum Cr 0% in eGFR 46% decreaos.e S4%
mimin/.73m?) m’,.ﬁ%fﬁ in eGFR
Albuminuna ors Albuminuna /4 Albuminuna ot Albuminuna o *
progression 36% progression = progression 10% progression 21%

FLI fF nonpd® MOELI 2N} 02NEB FylFfeéaAaa

Davieset al. Cardiovascular Diabetology (2022) 21:144



SGLT2 inhibitoisDedicated Renal Trials
| [CREDENCERS) [OWPACKDRAY) [ENPAGne Gy)

Canagliflozin vs Placeb Dapagliflozin vs Placeb Empagliflozin vs Placek

Diabetes

HF

CV disease
Mean eGFR

eGFR range

Median UACR mg/g

100%
15%
50%
56
30-90

923

67.6%
11%
37%
43

2575 (14% had eGFR
<30)

965

46%
NR
26%
37

20-90 (30% had eGFR <
30)

331



A Primary Composite Outcome

1009 309 11500 ratio, 0.70 (95% Cl, 0.59—0.82)
g 207 257 P=0.00001
CREDENCE ] W jo
o 704 154
E 609 104
o 504 5| Canagliflozin
'§ 409 0 I I I I I I 1
Primary composite outcome 5 o] 0 ¢ om0 @
A 30% reduction (NNT 22) £ 10- P e
0 | I I I I I 1
Secondary outcome: 0 6 12 18 24 30 36 42
A Rena'lspeCiﬁC COmpOSite Months since Randomization
outcomec 34% reduction No. at Risk
Placebo 2199 2178 2132 2047 1725 1129 621 170
A ESKR 32% reduction Canagliflozin 2202 2181 2145 2081 1786 1211 646 196
A CV death/MI/Stroke 20%
reduction Composite of
A HHF¢ 39% reduction A Endstage kidney disease (dialysis, transplantation, or a

sustained estimated GFR of <15 ml/mun)
A Doubling of the serum creatinine level from baselare
A Death from renal or cardiovascular causes

N Engl J Med 2019;380:223956.



DAPACKD

Primary composite outcome
A 39% reduction (NNT 19)
Secondary outcome:

A Renalspecific composite
outcomec 44% reduction

A CV death or HHE29 %
reduction

A Death from any cause31%

reduction

N Engl J Med 2020;383:1436

A Primary Composite Qutcome

249 Hazard ratio, 0.61 (95% CI, 0.51-0.72)
1005 204 P=0.001
90+ 1. | F’|acebuJ/I_'_/
& 80 A,f"”_
12+
§ 70 — #J_—f
S 60 & Vel
‘_é sod 4 ,,,__.-f- —-—' Dapagliflozin
2 ﬁ_”f
= 40+ () o
= T T I T T T | |
= 3. 0 4 8 12 16 20 24 28 32
=
=3 —
S 20 P
10-  —
e
D ] 1 I I I I |
0 4 8 12 16 20 24 28 iz
Months since Randomization
MNo. at Risk
Placebo 2152 1993 1936 1858 1791 1eed4 1232 774 270

Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

Composite of

A Sustained decline in the estimated GFR of at least 50¢

A Endstage kidney disease (dialysis, transplantation, or
sustained estimated GFR of <15 ml/min), or

A Death from renal or cardiovascular causes.



304

Placebo
100+
- 20
5 804
EMPAKIDNEY
2 " 10
‘E 607 Empagliflozin
= 50+
. . =1
Primary composite outcome T 40 odert B
. =] — a 0.5 1.0 15 20 25
A 28% reduction (NNT 27) g > Placebo
o 207 Hazard ratio, 0.72 (95% Cl, 0.64-0.82)
Secondary outcome: a 104 P<000l Empagliflozin
A Hospitalization from any cause "3 0s 10 1s 20 25
14% redUCtion Years of Follow-up
Mo. at Risk
A CV death or HHENS Placebo 3305 3250 3129 2243 1496 592
Empagliflozin 3304 3252 3163 2275 1538 624

A Death from any cause NS
Composite of
A Progression of kidney diseaseefined as ESKD
(dialysis or transplant), decrease of GFR of <10 mil/min,
RSONBIFaAS Ay (UKS SDCw 27F x
causesor
A Death from cardiovascular causes

N Engl J Med 2023;388:1-27.



GLPIRA and renal outcome

@ LEADER @ SUSTAIN-6 @ REWIND
(iraglutide) (semagiutide) (dulaglutide)

Persistent No significant Persistent No significant Sustained
doubling of difference doubling of difference 240% decrease 30%7T
serum Cr serum Cr in eGFR
Albuminuna s Albuminuna ot Albuminuria ot
progression 26% progression 46% progression 23%

i) AMPLITUDE-O
(efpeglenatide)?
Renal

composite 32%*5
outcome

Incident
macro-
albuminuria

32%"

FLI F ndnpd UMOELI 2N G2NEB |yl fe&anra

Davieset al. Cardiovascular Diabetology (2022) 21:144



FLOW Trial

ASemaglutide in T2DM with CKD
AeGFR 505 + UACR 368000 mg/g or
AeGFR 250 + UACR 168000 mg/g

APrimary outcom& O2 YLI2ZAA UGS 2F ({ARySé Tl A
eGFR, Death from kidney failure, CV death.

AStopped early based on interim analysis demonstrating efficacy
AA/W full publicationc ADA 2024

EurHeart J Cardiovagtharmacothe2024; 10 (1): @9



Paradigm

Shift in T2DM »
4
Management 57

v, %

&
\
Impact of CVOT g_‘&"



CV risk associated with diabetes

Number HR (95% Cl) I (95% Cl)
of cases
Coronary heart disease® 26505 2-:00 (1-83-2-19) 64 (54-71)
Coronary death 11556 2:31(2:05-2-60) 41(24-54)
Non-fatal myocardial infarction 14 741 1-82 (1-64-2-03) 37 (19-51)
Stroke subtypes*
Ischaemic stroke 3799 - = 2:27(1:95-2-65) 1(0-20)
Haemorrhagic stroke 1183 1-56 (1-19-2-05) 0(0-26)
Unclassified stroke 4973 1-84 (1-59-2-13) 33(12-48)
Other vascular deaths 3826 173 (1-51-1-98) 0(0-26)

Lancet. 2010;375(9733):2215.

2x fold excess risk of CHD,
stroke and CV mortality
Independently from other
conventional risk factors
compared to people without
diabetes



Initial presentation Number of events Hazard ratio p value
of cardiovascular disease (95% Cl)

No Type 2

diabetes diabetes
Stable angina 12232 728 B 1-62 (1-49-1.77) <0-0001
Unstable angina 5286 245 -+ 1.53(1-32-1-76) <0-0001
Non-fatal myocardial infarction 15191 706 = 1.54 (1-42-1-67) <0-0001
Unheralded coronary death 5101 255 - 143 (1-23-1-65) <0-0001
Heart failure 13072 866 B 1.56 (1-45-1.69) <0-0001
Arrhythmia or sudden cardiac death 3218 100 —— 0-95(0-76-1-19) 0-65
Transient ischaemic attack 10990 513 1 145 (1-31-1-60) <0-0001
Ischaemic stroke 5643 316 = 3 172 (1-52-1.95) <0-0001
Subarachnoid haemorrhage 1260 11 0-48 (0-26-0-89) 0-020
Intracerebral haemorrhage 2265 84 - 128 (1-.02-1-62) 0-035
Peripheral arterial disease 10074 992 2-98 (2:76-3-22) <0-0001
Abdominal aortic aneurysm 3051 62 —_— 0-46 (0-35-0-59)  <0-0001

0-55 O-IS 1 2 AII

Hazard ratio

Lancet Diabetes Endocrinol 2015; 3: 405

cohort study in 1-9 million
people (98-2% without
diabetes, 1.8% with T2DM



NNT with GLDs

Empagliflozin Liraglutide Semaglutide Empagliflozin
EMPA-REG OUTCOME LEADER SUSTAIN-6 EMPA-REG OUTCOME

63 in 3.1 years to 53 in 3.8 years 4 in 2 years to 39 in 3.1 years to
prevent one to prevent prevent one prevent one
Yy 3P-MACE LI death
NNT with cardiorenal therapies

YLUB one 3P-MACE B 3P-MACE
Aspirin in prior Ml or Statins in known CAD Antihypertensive
stroke or stroke therapy

50 in 2 years to 83 in 5 years to in 5 years to
prevent one prevent one prevent one
LB 3P-MACE NNT QG[EYy death

Davieset al. Cardiovascular Diabetology (2022) 21:144



Effect of CVOT on Diabetes Guidelines

\/ The current guidelines signify a significant shift in the management
approach for individuals with T2DM

v= Previous guidelines primarily emphasized the management of
2= hyperglycemiaas indicated by HbAlc levels.
® Current guidelines broaden their scope to encompass the management of

Gl cardiorenal risk aiming to reduce @&lated deaths and hospitalizations in
patients with T2DM.



NICE
2022

How to choose first-line medicines

Mational Institute for
Health and Care Excelence

NIC

[ Rescue therapy

For symptomatic hyperglycaemia, consider insulin or a sulfonylurea and review when blood glucose control has been achieved. ]

For information on using SGLT2
inhibitors for people with type 2
diabetes and chronic kidney disease
see the section on diabetic kidney
disease in the guideline.

—TTTT TN

e .
e
Consider
% DPP-4 inhibitor ('gliptin’) or
% Pioglitazone or
% Sulfonylurea

An SGLT2 inhibitor ('flozin")
for some people:

(QIED Cana gliflozin )

®

[ Not at high CVD risk |

Assess HbA1c, cardiovascular risk and kidney function

First-line treatment

L] ¥
A Chronic heart High risk of CVD
failure or established QRISK2 of 10% or higher

Or if Gl disturbance

e Metformin MR

atherosclerotic CVD

CE—

or if Gl disturbance

e Metformin MR

and as soon as metfomin

e | e —

1 If metformin
I contraindicated

e SGLT2 inhibitor alone

tolerability is confirmed, offer

{Q) sGLT2 inhibitor (‘flozin)

with proven cardiovascular benefit

If metformin
contraindicated

v

Start metformin
alone to assess
tolerability before
adding an SGLT2
inhibitor

or elevated lifetime risk

CrE—

or if Gl disturbance

e Metformin MR

and as soon as metfomin
tolerability is confirmed, consider

% SGLT2 inhibitor ('flozin')

with proven cardiovascular benefit

Consider

% SGLT2 inhibitor alone

If metformin
contraindicated

v

@ED Dapagliflozin
(m Emeagliﬂﬂzin )
(QID Ertuglifiozin )

monotherapy options in people:
» who cannot have metformin

glycaemic control.

I The SGLT2 inhibitors are recommended only if a dipeptidyl
: peptidase-4 (DPP-4) inhibitor would otherwise be prescribed

1 and a sulfonylurea or pioglitazone is not appropriate.

: In February 2022, using ertugliflozin to reduce cardiovascular
I risk when blood glucose is well controlled was off label. See

» for whom diet and exercise alone do not provide adequate

o
MNICE technology appraisals recommend SGLT2 inhibitors as G)

L]

Person's HbAlc not controlled below individually agreed
threshold, or the person develops CVD or a high risk of CVD

Y

See treatment options if further interventions are needed

-
1 Established atherosclerotic CVD includes coronary heart disease, acute coronary
: syndrome, previous myocardial infarction, stable angina, prior coronary or other

1 revascularisation, cerebrovascular disease (ischaemic stroke and transient ischaemic attack) 1

L and peripheral arterial disease.

|

1
1 Published date: February 2022. Last updated: August 2022. This is a summary of the advice in the NICE guideline
J on type 2 diabetes in adults: management. © NICE 2022, All rights reserved. Subject to Notice of rights.



ADA/
EASD
2022

Goal: Cardiorenal Risk Reduction in High-Risk Patients with Type 2 Diabetes (in addition to comprehensive CV risk management)*

+ASCVD!

Defined differently across
CVOTs but all included
individuals with established
CVD (e.g., Ml stroke, any
revascularization procedure).
Variably included: conditions
such as transient ischemic
attack, unstable angina,
amputation, symptomatic
or asymptomatic coronary
artery disease.

+ASCVD/Indicators of High Risk

+Indicators of high risk

While definitions vary, most
comprise =55 years of age
with two or more additional
risk factors (including obesity,
hypertension, smoking,
dyslipidemia, or albuminuria)

+HF

Current or prior
symptoms
of HF with
documented
HFrEF or HFpEF

SGLT2i%
with proven
HF benefit

in this
population

+CKD

eGFR <60 mL/min per 1.73 m? OR
albuminuria (ACR =3.0 mg/mmol
[30mg/g]). These measurements
may vary over time; thus, a repeat
measure is required to document CKD.

+CKD (on maximally tolerated dose
of ACEi/ARB)

PREFERABLY
SGLT2i® with primary evidence of
reducing CKD progression

Use SGLTZi in people with an eGFR
220 mL/min per 1.73 m’; once initiated

should be continued until initiation

-1 RA" wi it wi
GLP-1 RA" with proven SGLT2i¢ with proven of dialysis or transplantation

CVD benefit CVD benefit

If HbA, above target

« For patients on a GLP-1 RA consider adding SGLT2i with
proven CVD benefit or vice versa
« TIDA

GLP-1 RA with proven CVD benefit if
SGLT2i not tolerated or contraindicated

If HbA,_ above target, for patients
on SGLT2i, consider incorporating a
GLP-1 RA or vice versa

If additional cardiorenal risk reduction or glycemic lowering needed

Diabetes Care 2022;45(11):27531 2786




Safety



SGLT2 inhibitoksside effects

AMycotic genital infectionc common, more in women (e.g. ~10% of
women develops vulvovaginal candidiasis) but usually mild and treatable

AHypotension/volume depletion esp. in elderly, concomitant ACE
Inhibitors/ARBs/diuretics.

ADKAC SGLT2i increases risk of DKA (caauggycaemikc 2-fold increase
compared to othemntihyperglycaemiagents, incidence is 0L6% in

RCTs

A? Amputations (toes and midfoot with canagliflozin* (MHRA/EMA
warning)

Al ¢L | YR C2 dzNJFRAAWMHRA wadingf ANB Y S
ANo strong evidence AKI, fractures




Effect of SGLT2I on eGFR

o O-O. _
3 -2+
- £ 6
R -8 Canagliflozin
= = -104 40+
Q o=
5 E -124
3= -l4- x
a E b
a - _16- Placebo - _
S % 35—
§ -18 "E.‘ l_‘_‘—l—_‘_—__"‘ﬂ
—20 T T T T T T T ] z Empagliﬂozin
0 3 6 12 18 24 30 36 42 ‘E“ —
Months since Randomization = 30
E Placebo
o
04 5
-1 °
£ I 5 25
e -3 ..g Difference
S -4 ui Empagliflozin  Placebo (95% ClI)
6'5 54 Dapagliflozin
cE 6l Total -2.16+0.08 -2.92+0.08 0.75 (0.54-0.96)
g:g M 20+, Long-Term -1.37:0.08 -2.75:0.08 1.37 (1.16-1.59)
EE _8_ 0 T T T T T T T T
EG 94 0 2 6 12 18 24 30 36
%-u -10+ Months after First Dose of Empagliflozin or Placebo
Vg -l
e E -1
UB
o N Engl J Med 2019;380:22386
S E— I I , , | | | | N Engl J Med 2020;383:1436
0 2 4 8 12 16 20 % 28 32 36 . .
N Engl J Med 2023;388:1-27.

Months since Randomization



SGLT21I and DKA
[ sour2motion

| Plasmaglucose [ T Glycosuria / - \

Euglycaemic

Hyperglycaemic

Volume depletion

J Insulin demand

T Catecholamine

T Cortisol

’\ |

||J >|

T  Glucagon

T Glucose production T Glucose clearance

Diabetic ketoacidosis

secretion

T Free fatty acid

release

T Glucose production

Ketone

T  Ketogenesis

Blood

reabsorption

» T Ketones

BMJ2020;371:m4147



Avolid DKA with SGLEZatient selection

AAvoid
AT1DM
AUnwell person (acute infection/sepsis)
APlanned surgery/procedure (at least one day before surgery)
APatient with previous DKA (unless a clear cause was identified)
AExcessicohol intake

ACaution
AVLCD or ketogenic diet (delay starting SGLT2i until the diet change)

APeople with cognitive impairment (may interfere with adequate
understanding of sick day rules)

AVery high HbAlc (>86 mmol/mol) or symptomatic hyperglycaemia

DiabetesTher. 2024 ;15(5):1099124.
Guideline for Perioperative Care for People with Diabetes Mellitus Undergoing Elective and Emergency Surgery, 2022



Avolid DKA with SGLEZatient education

ASymptoms of DKA

Nausea, vomiting, abdominal pain, difficulty breathiKggmmaubreathing),
sweet smelling (peadrop) breath

ASick day rule$Give written information)

A Stop the SGLT2i if the patient is

1. Acute dehydrating iliness (e.g. diarrhoea or vomiting) or unable to eat/drink normally.
2. Fever/infectiong seek medical advice if seriously unwell

3. Admission for elective surgery or procedure requiring fastiognit SGLT2i one day
before surgery/procedure.

ASGLT2i can be restart@NLYafter the patient starts to eat and drink
normally for 24 hour and no longer acutely unwell.



GLPIRAC side effects

AGIc nausea, vomiting andiarrhea
ACommon but tend to improve over time

A Gradual ugtitration is important
AEducate the patient on the difference between satiety (positive) and nausea
(negative)

AGallstones and cholecystitis

ANo evidence
AAcute Pancreatitis
AMedullary thyroid cancer
AWorsening of retinopathy (rapid glycaemic control does!)



Prescribing



Which SGLTZshould | use in T2DM?

Comorbidities Best agent

None (SGLT2i used for glycaemic  Any

control)

Heart failure Dapagliflozin or Empagliflozin

ASCVD Empagliflozin or Canagliflozin

CKD Canagliflozin, Dapagliflozin or
Empagliflozin




SGLT2 inhibitors used for Glycaemic control

Daily Dose (once daily)

Canagliflozin S DCw ¢Oinitiaterat 100 mg and titrate to 300 mg if needed
eGFR <6100 mg
eGFR < 4&low glycaemic efficacy

Dapagliflozin SDCw ¢c%0nmgp
eGFR < 4&low glycaemic efficacy

Empagliflozin S D Cw ¢initiaterat 10 mg and titrate to 25 mg if needed
eGFR 3060¢ 10 mg once dally.
eGFR < 48 low glycaemic efficacy




SGLT2 inhibitors for CKD/HF

= DKD in T2DM S D Cw ¢igitiate or continue 100 mg
= eGFR < 3@ Do not initiate. Continue 100 mguACR
E;  on Y3IAkYY2Ef o0y oS O
S transplantation)
O
% CKDg eGFR 255 ml/min + either
S T2DMoruACRK HH®c Y3IKYY2T . o _
= -~ chronic h il Erand HEOE S D Cw ¢witiate wr continue 10 mg
g Symptomatic chronic heart failureitrERNdHFPEF o GER < 16do not initiate but can be continued
< in adults with or without diabetes
o
g CKIX
N eGFR 2@5 ml/min or
% eGFR 480 ml/min + either T2DM artACRK  H H @& D Cw ¢ iRitiake sor continue 10 mg
& mg/mmol eGFR < 26 do not initiate but can be continued
E  Symptomatic chronic heart failurélFrERnd HFpEF
In patients with or without diabetes




GLPIRA and GLP1/GHA

GLP1RA Brand name (route) Dose (mgQ) Titration schedule

Liraglutide Victoza (SC) Daily ndc H MdPH [hHh MOy Weekly

SC Semaglutide Ozempic (SC) Weekly nN®Hp b ndp [H ™ 4-weekly
Oral Semaglutide Rybelsus (oral) Daily o b 1™ TIb Mn Monthly
Dulaglutide Trulicity (SC) Weekly ndétp Hh Mm®dp IHh odn 4-weekly
Tirzepatide Mounjaro (SC) Weekly H®Pp h p I 1Tdp TIbH n4weekly

Avoid in Enestage renal disease (eGFR < 15 ml/milmnited experience

Effect on HbAlc reduction Tirzepatide > Semaglutide > Dulaglutide and Liraglutide
Effect on weight reduction Tirzepatide > Semaglutide > Liraglutide > Dulaglutide



Home message (1)

é

&

SGLT2 inhibitors have shown effectiveness in reducing major adverse
cardiovascular events (MACE), hospitalization for heart failure (HHF), and
Improving kidney outcomes

GLPIRA demonstrate a reduction in MACE, particularly noteworthy in
lowering stroke incidence, while emerging evidence suggests renal benefit
However, significant benefits in heart failure have not been observed.

Even if HbAlc is within target range, SGLT2 inhibitors should still be presc
for their cardiorenal benefits, If indicated.



Home Message (2)

Q It's essential for all physicians to proactively consider prescribing thes
Q medications or liaising with primary care to ensure their prescription.

It's crucial to inform patients about the risk of DKA with SGLT2i and
provide written guidance on sick day rules.

&- SGLT2i should be temporarily withheld during acute iliness admission



Thank You

Ahmed.Hanafy@nhs.net



Mechanism
of benefits



