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AvaoTtoAegic SGLT2

= Dapagliflozin (Forxiga)
= Empagliflozin (Jardiance)

= Canagliflozin (Invokana)

SGLT2 inhibitors for diabetes: turning symptoms into therapy

www thelancet.com Vol 382 September 14, 2013



SGLT2 in the Renal Proximal Tubule in Normal
Individuals
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AvaoToAeic SGLT2

Evdei&eig xopnynang
> MovoBepaneia
> ZuvoOuaopuevn Bepaneia Ye HETPOPUIVN N COUAPOVUAoUpIa N
vAITalovn
> TpINAOC ouvouaopoC HE TIC NAPANAvVw KATNYopIEG
> IvoouAivn

AoCOAOYIKO OXNHa

- Dapagliflozin: 10 mg X 1
- Empagliflozin: 10-25 mg X 1
- Canagliflozin: 100-300 mg X 1




AvaoToAegic SGLT2

AvTevOEiEEIC xoprnynong
= OXI og ZA TUnou 1

= Ne@pikn ducA&siToupyia
= Aev npenel va didovTal og aoBeveic pe eGFR< 60ml/min/1.73m2

= A&V OUVIOTWVTAlI 0€ aoBeveic Nou AauBavouyv dloupnTiKA TNG
aykuAng nj nou napouacialouv unooykaipia (nx yaoTpevTepiTida)

= [poooxn o€ NAIKIWPEVOUG >75 eTwv
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Some Expected Clinical Effects of SGLT2
Inhibition Based on the Mode of Action

Reduced FPG _ HbAlc

Increased glucose and PPG reduction
excretion
N
Loss of e.nergy —>  Weight loss
(calories)
excretion sodium load reduction

Abdul-Ghani MA, et al. Endocr Rev. 2011;32:515-531.



Glycemic Reduction With SGLT2 Inhibitors

Placebo-Adjusted Change From Baseline
(Not Head-to-Head Trials)

Monotherapy Add-on to Metformin | Add-on to Insulin = OADs
CANAE!  DAPAP!  EMPAIY | CANAE!  DAPAEl  EMPA | CANAE! DAPAM  EMPAL
Baseline 8.1 7.8 79 8.1 8.2 7.9 8.2 8.6 8.3
HbA1c (%)
g _ 0.2 -
2 SR
To s -0.40 0.46
o g 08 -0.52% 0.64 -0.57
o
o I g4
< -0.90t
o 1.2 A
-1.2
-1.4 -

*Data shown are for informational purposes only and not meant to be direct comparisons, as study designs and

populations may be different.
tAbsolute change from baseline (active-controlled trial).

a. Stenlof K, et al. Diabetes Obes Metab. 2013;15:372-382; b. Ferrannini E, et al. Diabetes Care. 2010;33:2217-2224; c. Roden M, et al.
Lancet Diabetes Endocrinol. 2013;1:208-219; d. Cefalu WT, et al. Lancet. 2013;382:941-950; e. Nauck MA, et al. Diabetes Care.
2011;34:2015-2022; f. Haring HU, et al. Diabetes Care. 2014;37:1650-1659; g. Yale J-F, et al. Diabetes Obes Metab. 2013;15:463-473;
h. Wilding JP, et al. Ann Intern Med. 2012;156:405-415; i. Rosenstock J, et al. Diabetes Care. 2014;37:1815-1823.



Comparison of Glycemic Reduction With Other

Noninsulin Agents

DPP-4 Inhibitors, GLP-1 Receptor Agonists, and SGLT2 Inhibitors Added to Metformin
(Absolute Changes from Baseline; Not Head-to-Head Trials*)

DPP-4 Inhibitors GLP-1 RAs SGLT2 Inhibitors
ALolEl  LINAP!  saxald  sitaldl | aell  pulll  exenlel EXeEN ER(M LIRAI | cANALll papaldl  EmpAll
Baseline 7.9 8.1 8.1 8.0 81 8.1 52 8.6 8.4 7.8 7.9 7.9
HbA1c (%)
0
-0.2
-0.4
i '0-6 2 _0.52
a 084 0.7 0.7 e
- 0.8 -0.77
-1 1 -0.93
59
-1.4 A
-1.42
-16 - -1.5 -1.5

*Data shown are for informational purposes only and not meant to be direct comparisons, as study designs and populations may be different.

a. Nauck MA, et al. Int J Clin Pract. 2009;63:46-55; b. Taskinen MR, et al. Diabetes Obes Metab. 2011;13:65-74; c. DeFronzo RA, et al. Diabetes
Care. 2009;32:1649-1655; d. Charbonnel B, et al. Diabetes Care. 2006;29:2638-2643; e. Ahrén B, et al. Diabetes Care. 2014;37:2141-2148;

f. Dungan KM, et al. Lancet. 2014;384:1349-1357; g. DeFronzo RA, et al. Diabetes Care. 2005;28:1092-1100;

h. Bergenstal RM, et al. Lancet. 2010;376:431-439; i. Pratley RE, et al. Lancet. 2010;375:1447-1456; j. Cefalu WT, et al. Lancet. 2013;382:941-
950; k. Nauck MA, et al. Diabetes Care. 2011;34:2015-2022; |. Haring HU, et al. Diabetes Care. 2014;37:1650-1659.



Weight Reduction in Phase 3 Clinical Trials With
Canagliflozin, Dapagliflozin, and Empagliflozin*!a
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*Not head-to-head trials. Data shown are for informational purposes only and not meant to be direct comparisons, as study designs and
populations may be different.

a. Nauck MA. Drug Des Devel Ther. 2014;8:1335-1380; b. Ferrannini E, et al. Digbetes Care. 2010;33:2217-2224; c. Stenlof K, et al. Diabetes Obes Metab. 2013;15:372-
382; d. Ferrannini E, et al. Diabetes Care. 2013;36:4015-4021; e. Roden M, et al. Lancet Diabetes Endocrinol. 2013;1:208-219; f. Nauck MA, et al. Diabetes Care.
2011;34:2015-2022; g. Henry RR, et al. Int J Clin Pract. 2012;66:446-456; h. Cefalu WT, et al. Lancet. 2013;382:941-950; i. Haring HU, et al. Diabetes Care. 2014;37:1650-
1659; j. Strojek K, et al. Diabets Obes Metab. 2011;13:928-938; k. Schernthaner G, et al. Diabetes Care. 2013;36:2508-2515; |. Wilding JP, et al. Int J Clin Pract.
2013;67:1267-1282; m. Haring HU, et al. Diabetes Care. 2013;36:3396-3404; n. Wilding JP, et al. Ann Intern Med. 2012;156:405-415; o. Neal B, et al. Diabetes Care.
2015;38:403-411; p. Rosenstock J, et al. Diabetes Obes Metab. 2015 June 4 [Epub ahead of print].



Ao@alAsia

422HQ10NP045 13



Kivduvog unoyAukaipiag

ava kartnyopia avtidiaBnTiknG aymyng

Y@nAog kiviuvog XapnAog kivéuvog
IvoouAivn MeTQopHivn
ZO0UAQPOVUAOUPIEG AvaoToAgic a-yAukooidaong
FAIvideg FAiTaloveg

AywvioTég GLP-1

AvaoTtoAeic DPP-4

AvaoToAeic SGLT2

Inzucchi SEi, et al. Diabetes Care 2015;38:140-149



Rates of Hypoglycemia: Canagliflozin vs
Glimepiride as Add-on Therapy to Metformin

B CANA 100 mg

80 - m CANA 300 mg 20 -
£ 60 - £ 60
% S 40.9
3 40 + 34 § A0

20 - 20

5
0 - 0 -
52-Week Data 104-Week Data

Leiter LA, et al. Diabetes Care. 2015;38:355-364.



FDA: O0nyiec npogG TIG papHaKoBIOuNXavieg yia Tnv unofoAn

EYKPIONG VE®WV avTidiaBnTIKwVv papHaAK®V

= H qpapuakoBlouynyavia npokeIJevou va KaTabeoel
(PAKEANO VIO va MNApEl €YKPION KUKAOPOPIAC VEWV
(papudkwyVv 6a npener va oUuyKpivel Tov apiBuo Twv
KapOIlayYEIQKWV €NEICOOIWV MOU MPOEKUWAV KATa
TNV OldpKeEId YXopnynong Twv uno  OOKIUNV
PpapuaKkwyV, He Ta kKapdlAyyelaka eneicodiad nou
npoekuyav oTto control group.

9. Department of Health and Human
Services, Food and Drug Administration.
Guidance for industry: diabetes mellitus
— evaluating cardiovascular risk in new
antidiabetic therapies to treat type 2 dia-
betes (hrtpsffwww.fda.gov/downloads/drugs/
guidancecomplianceregulatoryinformarion|
guidancesfucm07 1627.pdf).

USA FDA website



SGLT2 : MeAeTEC KAPOIAYYEIAKNG ACPAAEIAC

MeAETEC TENOG
= Empagliflozine: EMPA-REG 9/2015

= Dapagliflozine: DECLARE-TIMI 58 4/2019

= Canagliflozine: CANVAS 6/2017



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLI

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

° itis\ iy

=4 STOCKHOLM 3015

September 17, 2015, at NEJM.org.




AnoteAeouara:

NMPWTOYEVEC CUVOETO KATAANKTIKO ONHEIO
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published Online, September 17, 2015, at NEJM.org. DOI: 10.1056/NEJM0a1504720 19



AnoteAeouara:

Kapdiayyelakog 6avaTog

7 HR 0.62

. (95% CI 0.49, 0.77)
p<0.0001

7-
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138%
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published Ontine; September; 17, 2015, at NEJM.org. DOI: 10.1056/NEJM0a1504720
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AnoteAeouara:

NoonAeia yia Kapdiakn Avenapkeia

HR 0.65 Placebo
(95% CI 0.50, 0.85)
64 p=0.0017
5- 135%
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published Ontine; September; 17, 2015, at NEJM.org. DOI: 10.1056/NEJM0a1504720 21



AnoteAeouara:

OavaTog ano kKabeg aiTio
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published Ontine; September; 17, 2015, at NEJM.org. DOI: 10.1056/NEJM0a1504720 22
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Rate of Genital Infections in Phase 3 Studies of
SGLT2 Inhibitors

Monotherapy Add-on to MET Add-on to SU Add-on to
15 - insulin

Frequency of event consistent
with genital infection (%)
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B Canalow dose B Placebo SU comparator

B Cana high dose

Nauck MA. Drug Des Devel Ther. 2014;8:1335-1380.



AVENIOUHNNTEC EVEPYEIEG

Empagliflozin, Empaglifiozin, Pooled
Placebo 10 mg 25 mg Empagliflozin
Event (N=2333) (N=2345) (N=2342) (N=4687)
number of patients (percert)
Any adverse event 2139 (91.7) 2112 (90.1) 2118 (90.4) 4230 (90.2)F
Severe adverse event 592 (25.4) 536 (22.9) 564 (24.1) 1100 (23.5)%
Serious adverse event
Any 088 (42.3) 876 (37.4) 913 (39.0) 1789 (38.2)F
Death 119 (5.1) 97 (4.1) 79 (3.4) 176 (3.8)]
Adverse event leading to discontinuation of a 453 (19.4) 416 (17.7) 397 (17.0) 213 (17.3)§
study drug
Confirmed hypoglycemic
adverse eventy
Any 650 (27.9) 656 (28.0) 647 (27.6) 1303 (27.8)
Requiring assistance 36 (L.5) 33 (1.4) 30 (1.3) 63 (1.3)
Event consistent with urinary tract infection| 423 (18.1) 426 (18.2) 416 (17.8) 842 (18.0)
Male patients 158 (9.4) 180 (10.9) 170 (10.1) 350 (10.5)
Female patients 265 (40.6) 246 (35.5) 246 (37.3) 402 (36.4)1
Complicated urinary tract infection®# 41 (1.8) 34 (L.4) 45 (2.0) 82 (1.7}
Event consistent with genital infection{{ 42 (1.8) 153 (6.5) 148 (6.3) 301 (6.4)F
Male patients 25 (1.5) 80 (5.4) 77 (4.6) 166 (5.0
Female patients 17 (2.6) 64 (9.2) 71 (10.8) 135 (10.0)F
Event consistent with volume depletionii 115 (4.9) 115 (4.9) 124 (5.3) 239 (5.1)
Acute renal failureff 155 (6.6) 121 (5.2) 125 (5.3) 246 (5.2)]
Acute kidney injury 37 (1.6) 26 (1.1) 19 (0.8) 45 (LO)E
Diabetic ketoacidosis§9 1 (=0.1) 3 (0.1) 1 (<0.1) 4(0.1)



Diabetic Ketoacidosis With SGLT2
Inhibitor Treatment

* Concerns about DKA raised by the FDA
and the EMA based on

— 20 SGLT2 inhibitor-associated cases of DKA,
ketoacidosis, or ketosis identified via the
FDA Adverse Event Reporting System?

— 101 cases of SGLT2-associated DKA

worldwide identified via the EMA’s
EudraVigilance®

a. FDA website; b. EMA website.



Euglycemic DKA
Predictable and Detectable

Physiologic stressors

Undertreatment
due to
inadequate Contributors to DKA
insulin therapy or
noncompliance

Intercurrent
illness

Certain

Infection N
medications

Rosenstock J, et al. Diabetes Care. 2015;38:1638-1642.



SGLT2: EuyAukaipikn AKO 0

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

12 February 2016
EMA/100751/2016

SGLT2 inhibitors: PRAC makes recommendations to
minimise risk of diabetic ketoacidosis
Healthcare professionals should be aware of possible atypical cases

= ATunn euyAukaipikn AKO T —

= Evnuepwon acBevwyv ano Tov BepanovTa yia CupnTwuaTa
neavnc AKO

= YWOTN €nIAoyn acBevwy yia TNV Xoprnynon TnG Katnyopiag
PAPHAKWV

4

= [1poc TO Nnapov dev uPpioTatal Aoyoc 101aiTEpNG avnouxiac
YIaTI Ta NMEPIOTATIKA €ival Aiya kal To O(peAOC ano Tn
xopnynon Twv gapudkwyv o€ atoda Je AZA Tunou?2 Esnepvael
Tov kivouvo TnG AKO
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EniAoyn acOsevwyv via aymyn HE avaoToAEic SGLT2

Mpo®iA acBevwv KATAAANAWV Yia aywyn UE

avaoToAegic SGLT2

> Maxvoapkol acbeveic ye ZA TUNOUZ2, PE UNEPTACN
Kal KaAn veppikn Asiroupyia, nou Aappavouv
LETPOPUIVN N OINAO cuVvOUACNO N IVOOUAIVN




EniAoyn acOsevwyv via aymyn HE avaoToAEic SGLT2

O1 avaoToAeic SGLT2 dev cuvioTwvTAl OF:

v

> AoBeveic pe ZA Tunou 1 (kivouvocg AKO)
> AoBeveic pe LADA (kivouvoc AKO)

> AoBeveic ye ZA TUOU2 Kal VEQPIKN OUCAEITOUpPYia
(eGFR <60ml/min)

> HAIKiwpevol aoBeveic nou Aappavouv dloupnTika
(kiduvoc apudaTwaonc)




AvaoToAeic SGLT2

[MAEONEKTHMATA

Agv napouaialouv UNOYAUKAIMIEC
Meiwon cwuaTikou Bapouc
Meiwon HbA1lc: nepinou 0.6-1%
Meiwon All

Kapdiayyelakn ac@aAeia

MEIONEKTHMATA
KavTIvTIQOEIC OUPOYEVVNTIKOU
NOIMWEEIC KATWTEPOU OUPOMOINTIKOU
NepinTwoelc AlaBNTIKNG KETOEEWONG






Demonstration of the Cascade of Clinical Events and Metabolic
Changes That Contribute Sequentially to Progressive Clinical
Deterioration and Development of Full-Blown Episodes of euDKA

, SGLT2
Rapid inhibitors
development lipid
of euDKA oxidation
Lipolysis and

glucagon

BG mildly high
so further
* insulin

* Mobilization
of FFA and TGs

* Ketones induce

nausea * Ketogenesis
Y Aphdron- 4
depletion butyrate
P Worsened by
iinsulin and

CHO intake

.

Rosenstock J, et al. Diabetes Care. 2015;38:1638-1642.




