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[NaTi €ival TOOO0 oNUAVTIKA N
ETIOpAON TWV PAPHAKWYV
oTtov KA Kivouvo;




‘Eva peyadAo 1oo00T10 TwV aoBevwy ue 2AT2 £xouv KA vooo

Naykoouiwg, Tepitrou 1/3 TWV acOevwy
ue 2A12 €xouv KA vooo

Avaiuon 60 peAeTwv pe 4.549.481 aoBeveig pe ZAT2
KA: Kapdiayyeiakr, XA12 Yakyxoapwdng AiaBrTng TUtrou 2
Einarson TR et al. Cardiovasc Diabetol 2018;17:83 4



H KA N6ooc¢ gival ouvnBw¢ aCUUTTWPATIKA Kal adliayvwaoTn

16% 44%

Xwpic KA vooo YTrokAIvikny KA véoog

2.XEOOV Ol JIooi aoBeveic ue dlalBNTn
exouv YTTokAIvik) KA Nooo*

40%
KAIvik) KA N6oog

Prevalence of subclinical CV disease across 1343 patients with diabetes aged 265 years in the US
*Absence of prevalent clinical disease at baseline: ankle—brachial index 0.9, internal carotid artery wall thickness >80th percentile, common carotid artery wall thickness >80th percentile, carotid stenosis >25%, major

electrocardiogram abnormalities (based on the Minnesota code), and a Rose Questionnaire positive for claudication or angina pectoris in the absence of clinical diagnosis of angina pectoris or claudication

Kuller LH et al. Arterioscler Thromb Vasc Biol 2000;20:823



H KA voooc¢ o€ aoBeveic ye ZAT2 gival utreuBuvn yia
TTEPICOOTEPOUC BAVATOUG ATTO TOV KAPKIVO™ OTO YEVIKO TTANBUCUO

2.5 QopEC TTEPICOOTEPOI BAvVATOl ATTO OTI O KAPKIVOG*

| E Odvarol TTou opgilovTal

otn KA vooo o€ aocOeveig
pE ZAT2

Odvarol e§aiTiag
& KapKivou* o€ aoBeveig
Me 2AT12

24t TrTapakoAouBnon 7461 acBevwyv pe ZAT2 Kai 37.271 otnv
ouada eAéyyou atrd 1o Skaraborg Diabetes Register

*Solid tumour cancers only, KA: Kapdiayyelakr], ZAT12
2akyxapwdng AlaBATng TUTTOU 2,

Andersson T et al. Diabetes Res Clin Prac 2018;138:81



H KA voooc gival €TTiong 0 JEYAAUTEPOC CUVTEAEOTNC OTN
oaTtravn TNC olaxeipiong Tou 2AT2

H KA véoocg ouvelopépel Eéwg 49%
9 TNG CUVOAIKNG OATTAVNG

TNG Bepartreiac Tou ZAT2

KA: Kapdiayyelakr], ZAT12 Zakxapwdng AiaBritng TUTtTou 2
Einarson TR et al. Value Health 2018;21:881



[MaTi va gnv pubuiocw atTAd Tn
HbA1c;




[epiopiopéva KA o@EAN £€xouv TTapATNENOEI HE TOV EVTATIKO YAUKQIUIKO EAEYXO O€
ao0eveic pe At2

MetavaAuon Twyv peAetwv ACCORD, ADVANCE, UKPDS ka1 VADT

Kipia KA cupBavra ,
(KA Bdvartog i un- OvnoipoTnTa

2TOX0G: n dnuIoupyia akpIBoUC EKTINNONG YIa Bavar .
. . . . neopo
Ta 0GEAN TG BepaTTeiag pEiwong YAUKSZNG EVKEQAAIKD 1] pr}- °"°'°“;6“TT°T£
oTa KUpia KA oupBavta Bavarngeopo MI) aITIONOYIAG
A |
4 AcBeveic pe At2 (N=27.049)
® o Ol OTTOIOI £XOUV KaTavVEUNOEI ) ]
oTnv Katnyopia ‘MepioodTePO METpIO OPEAOC Kapia emTidpaon
evraTikoU’ i ‘Ailyotepo EvratikoU’ HR 0,91 (0,84, 0,99) HR 1,04 (0,90, 1,20)

YAUKQIMIKOU EAEYXOU

*O1 peAéteg diEpepav OTIG BepaTreieg peiwong YAUKOZNG Kal KapdIoTTpooTaciag oTnv TTapakoAoubnon. O1 HEAETEG XpNOIUOTTOINGAV PHETQOPUIVN, IVOOUAIVN,
oouA@ovuloupia, acarbose, glinide kai Bg1afoAIBIVEDIOVN WG TTAPAYOVTEG PEIWONG TNG YAUKOLNG
Turnbull FM et al. Diabetologia 2009;52:2288



O TTOALSIACTATOC EAEYXOC TTAPAYOVTWV KA KIVOLVOUL peEioe Tov KA Kivouvo
O€ Q00eVEIC e AT2

Steno-2: O evramikdg moAvSiacTaTog £Aeyxoc* mapayoviev KA kivdvou peidvel Tov KA kivSuvo og aoBeveic pe
AT2 Kal pIKpOAELK®HAaTIvovpial-2

'OMol o1 acBeveic éAapav Mapakolovdnon 21etiag: Mn AANAYEG OTIGC PACIKES KAIVIKEG KAl BIOXNMIKES

- Otparreia evraTikoL EAEyXOL mPOOapPHOopEvO HR 0,55 eTaPAnTéC oTa 7,8 £Tn?2

5 10 P o0 EAEYX (95% C1 0,39, 0,77), p<0,00] HerapAnreg "

o ora 7,8 ¢emn p——— == —— —— . .

b — - ETAPANTN UHPATIKOG VTATIKOG
RS == ZUUBOT'KO,Q (n=63) (n=67)

> 754 I (51 couPpavTa)

< — SuoTOAKr) ATl 3+3 1442 <0,001
2 —

> i (mmHg)

P S T
§' = EvTaTikog (mmFig)

- (35 O'ULJBCIVTCI) I(_rgé_/()j(lc)))\r]mepo)\n -13+6 -47 5 <0,001
v

o 251 HbA1c( %) 02+03 0,5+0,2 <0,001
o

>

-@o AMS (GvBpec) 0,4+0/4 0,7+0,4 0,61

0 | | | ; ; ; AMX (yuvaikeg) 1,3+1,3 23+1.2 0,29
0 4 /7,8 8 12 16 20 Evepydg katrvioTAG -6 -5 0,73
Ap. O Kiv6LVO 'ETn amo tnv TLXAIoTTOINON (ap. aoBeVV)
Evratikog 80 66 56 49 4] 3]
YOURaTKOS 80 61 40 27 18 13

'Opelog Beparreiag mapatnEnOnKe HETA amod ~4 £1n. O1 ouveXI{OUEVEG WPENIHES EMISPATEIS OTNV

MAPOS0 TOL XPOVOL NTAV AUECN CLVETEIA TNG £YKAIPNG EVTATIKOTIOINONG TG Bepameiag oTovg acOeveig

*O €£vToVOoG TTOALSIACTATOG EAEYXOG TTEQIANAUPAVE LEIUEVOLS OTOXOULG VI TNV APTNEIAK TTiECN, TN XOANOTEPOAN, Ta TPIYALKEPISIA Kal TNV HbATc, kaBag kal Bepareia pe aomipivn kal ACEI. TIOVOETO S§eLTEPEVLOV TEANIKO TNUEIO: XPOVOGS £WG TNV
epavion KA vooou, apiBuos KA cuupaviwoy, TTooooTd BvnoiuotnTag kal KA vooou.

ACEi, avaoToAEQG TOL PETATPEETTTIKOL eVIOPOL AYYEIOTEVOivNG. AME, &€ikTNG HAZag omPaTogs. LDL, NTTOTTp@TEiVN XaApNANG TTOKVOTNTAG.

1. Gaede P et al. Diabetologia 2016;59:2298; 2. Gaede P et al. N Engl J Med 2003;348:383
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ECEAICN TwV Ogpatreiwy Tou 2ZAT2

DPP-4 SGLT2
OVOOTOAEIG  aVOOTOAEIG

< lMoAaidtepa @apuaka  Nedtepa Ddpuaka 2>

1950 1960 1970 1980 1990 2000 2010 2012 2013

AYWVIOTEG TOU UTTOOOXEA
GLP-1
IvoouAivn Mapaywyn ) IvoouAivn
Lente avaouvdIaouévng AipeTTIPIdN: degludec
avOpWTTIVIG oouAgovuloupia 3¢
IVGOUAIVNG YEVIGG
Xpron TG TTpw Oouz)\cpov;\zgupm Ivoou?\ivr]
OOUAPOVUAOUPIC NG Yevias glargine?
HETQOPUIVN
oTO TpeIg VEEC KaTNYOpPIES EI0AyovTal:

QVOOTOAEIG a-yAuKoo1ddaong,
MEYAITIVIOEC & Oe1aloAIdIveEDIOVES

Hvwpuévo
BaaoiAgio

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT2, sodium-glucose cotransporter-2; ZAt12, Zakyxapwdng AlaATng TUTTOU 2
Adapted from 1. Kirby MG. Br J Diabetes Vasc Dis 2012;12:315; 2. Lantus® SPC



MeT@oppivn: Mnxaviouoc 0paong

‘EvTEpO Hmrap 2KEANETIKOG UG
T Xprnon yAukoldng d MA\ukoveoyéveon T Ivoouhivo-e€apTiypevn
d IA\ukoyovéAuon TPOGANWN YAUKSING
d Oeidwaon AimT. o&éwv T I'A\ukoyéveon
l d Oeidwaon AitT. o&éwv

3 YmrepyAukaipia

EmimrpdoBeTa TG dpAdong TnNG oTn MEiWan TNS YAUKOLNG, N METQOPMIVN UTTOPEI va £XEl TTIBAVEC

emopdoeic oto KA cuoTtnua, T1.X. BEATIWON Tou TTPO@IA TWV AITTIdiwV 0TO TTAAC A2

KA: Kapdlayyelako
Adapted from 1. Bailey CJ & Feher MD. Therapies for Diabetes 2004; 2. Batchuluun B et al. J Endocrinol Diabetes Obes 2014;2:1035



Metformin is recommended as first-line therapy
in T2D

 Metformin is indicated for the treatment of T2D, and generally
recommended as first-line therapy'?

 Evidence for effect on CV risk cited in international prescribing
information differs for IS vs ELJ

— US prescribing information?

- States that there are no clinical studies establishing conclusive evidence of
macrovascular risk reduction with metformin

— EU prescribing information’

« Cites UKPDS analysis from 342 overweight patients treated with metformin after

TAMTOT G- UT Uic T aloTIv

— Metformin significantly reduced any diabetes-related
complication, diabetes-related and overall mortality, and
absolute risk of Ml vs diet alone after 10.7 years

1. http://www.medicines.org.uk/emc/medicine/23244/SPC. 2. American Diabetes Association. Diabetes Care 2015;38(suppl. 1):S1-S94.
3. http://www.drugs.com/pro/metformin.html 4. UKPDS 34. Lancet 1998;352:854—-65.

1 5 TTTTTTTTTT
ACROSS | 158,
R et
ZD Safety Studies in
T Siy Sooden




UKPDS 34 tTapéxel oplouEVa OTOIXEIQ VIO EUEPYETIKEC KA
EMIOPACEIC TNC METPOPMIVNG O€ UTTEPPAPOUC a0BEeVEIC

O kivbuvog EM gival 39% XOapnAOTEPOG PE HETQOPHIVN EVaVTI
TNG CUNBATIKAG BepaTtreiag oToug UTTEPRapoug aoBeveig 12

ZnuavTiki peiwon Tou EM diatnpRlnke perd amd 10

Xpovia TrapakoAoudnong?

B >uvolikég TIpEG KaTA TN AREN TNG pEAETNG To 1997

'Ep(ppavl.la |.|UOKGp5iOU L 2 Etiolec TIPEC katd TN SIGpKela TTepIOSou TrapakoAoUdnong 10 Tty (post-trial)
= 30 = ZupBartikr (n=411; events = 73) 14 -
E — EvTaTikn (’n=951; events = 139) RR 0.61" RR 0.67
% — MeT@oppivn (n=342; events = 39) 1.2 1 p=0.01 p=0.005
o 20 - S 10 deo
> HETQOPHIVN EvavTi R
3 oupBaTikng p=0.01 =3
w o 0.8 -
B T
S 104 ®
ke 06 lm ¢ % L 2R 4
>
o
<
:st’ 0.4
0 -, . . . . ! 1997 1999 2001 2003 2005 2007
0 3 6 9 12 15 Ap. cuppavTwy:
Xpé 3 i ¢ 2UMBaTIKA
pOVOG aTré TNV TUXaIOTToiNoN (£Tn) ea“pﬁamig 73 83 92 106 118 126
MeT@opuivn 39 45 55 64 68 81

KA: Kapdiayyeiako, EM: ‘Epgpayua Tou Muokapdiou, RR, relative risk, UKPDS, United Kingdom Prospective Diabetes Study
1. UKPDS 34. Lancet 1998;352:854; 2. http://www.medicines.org.uk/emc/medicine/23244/SPC; 3. Holman RR et al. N Engl J Med 2008;359:1577



UKPDS 34: tTapExel oplopeEva oToIXEIN VI EVUEPYETIKEC KA
EMIOPACEIC TNC METPOPMIVNG O€ UTTEPPAPOUC 00BEVEIC

O Kivdouvog EM gival 39% XaunAoTepog Ue

METPOPMIVN EVAVTI TNG CUMBATIKAG

Bepatreiag oToug UTTEPRApPOUS aoBeveig -2

‘Epppaypa puokapdiou

< 30 7 = ZupBartikn (n=411; events = 73)
%’ — EvraTikn (n=951; events = 139)
< = MeT@oppivn (n=342; events = 39)
=]
° 20 -
> pET@opivN £vavTi
g oupBatikig p=0.01
D
b
o 10 -
S
>=
o
<
S
<
O -

(]

utTEPRapol &

n=342

Vs: conventional policy
with diet (HbA1c 7.9%)

0 3 6 9 12
Xpoévog atd Tnv Tuxaiotroinon (£€tn)

15

KA: Kapdiayyeiako, EM: ‘Epgpayua Tou Muokapdiou, RR, relative risk, UKPDS, United Kingdom Prospective Diabetes Study
1. UKPDS 34. Lancet 1998;352:854; 2. http://www.medicines.org.uk/emc/medicine/23244/SPC; 3. Holman RR et al. N Engl J Med 2008;359:1577



UKPDS 34: KA €mdpaoeIC TNG METPOPUIVNG TTPOCTIBEPEVNC OE
OOUAQpOVUAoupia

H peTt@opuivn rpooTIOEuEVN o€ couA@oVvUAoupia Evavti COUAQOVUAOUPING HOVO, CUCXETIOTNKE HE aAUENMEVO
Kivduvo BavdaTou oxeTi(OueEvoU He To S1aBATN Kal OvnToTNTAG aT1rd KABE aITia

Aidpeon rapakoAouOnon 6.6 €Tn RR 2XeTIKOG Kivouvog(95% Cl) p-value
TeAiké onueio oxeTiICOpevo Pe dlaBNTN 1.04 o 0.78
@davaTog oXeTICOPEVOC PE TO dlafNATN * 1.96 ———— 0.039
@dvaTog KAbe aiTiac* 1.60 - 0.041
‘Epgpaypa Tou Muokapdiou® 1.09 e 0.73
AEE* 1.21 - o - 0.61
Mikpoayyelako™ 0.84 T 0.62
05 1.0 5
< >
Y1ép TG TpocOnkng  Ytép Tng SU pévo
HETQOPUIVNG

*Interpret with caution in view of small event numbers
KA: Kapdiayyelako, AEE: Ayyeiakd EykepaAikd Etreicddio SU, sulphonylurea; UKPDS, United Kingdom Prospective Diabetes Study

UKPDS 34. Lancet 1998;352:854



Comparative Effectiveness of Sulfonylurea and Metformin
Monotherapy on Cardiovascular Events in Type 2 Diabetes Mellitus

A Cohort Study

MpoBAAuATA EPUNVEING TXES
MN.x. n SU emBAafAc A n g - g
METQOPHMIVN ETTWPEARG? O

Year

Patients receiving

metformin, n 80648 65655 47552 30413 16391 4637
Patients receiving

sulfonylurea, n 80648 64757 45982 29104 15513 4199

Roumie et al. Ann Intern Med 2012



Cardiovascular Drugs and Therapy
https://doi.org/10.1007/510557-021-07249-0

REVIEW ARTICLE l‘)

Check for
updates

Sodium-Glucose Co-transporter 2 Inhibitors Versus Metformin
as the First-Line Treatment for Type 2 Diabetes: Is It Time
for a Revolution?

Theocharis Koufakis' - Athanasia Papazafiropoulou? - Konstantinos Makrilakis? - Kalliopi Kotsa'

“Although metformin is generally believed to exert
positive effects on cardiovascular outcomes, relevant

data are mainly observational and potentially
overinterpreted.’

Koufakis et al. Cardiovasc Drugs Ther 2021



Cardiovascular and metabolic effects of metforminin > “n @
patients with type 1 diabetes (REMOVAL): a double-blind,
randomised, placebo-controlled trial

John R Petrie, Nishi Chaturvedi, lan Ford, Martijn C GJ Brouwers, Nicola Greenlaw, T herese Tillin, Irene Hramiak, Alun D Hughes, AliciaJ Jenkins,
Barbara E K Klein, Ronald Klein, Teik C Ooi, Peter Rossing, Coen D A Stehouwer, Naveed Sattar, Helen M Colhoun, for the REMOVAL Study Group™

A
- Metformin
—&— Placebo
0-84-
o~ —
n E o082- —d
Maximal 5
z
c
g
E 080
% ‘ .
z 1
z
0'78- /
‘—«
076
4
o Ll L} 1 L}
Baseline Month 12 Month 24 Month 36

Aismmbarssith Aars

Petrie et al. Lancet Diabetes Endocrinol 2017




Metformin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl  Year IV, Fixed, 95% CI
Alan 2003 676 088 164 701 101 151 159% -0.26[-0.49, -0.04] 2003
Adriaan 2009 S1 087 196 568 116 194 191% -056(-0.77, -0.36] 2009 ———
David 2014 411 112 86 461 097 87 86% -048(-0.78 -0.17] 2014
Louise 2015 202 076 206 221 103 206 208% -0.21[-040,-0.02] 2015 ——
Xiatong 2017 243 083 199 287 107 215 205% -046(-065,-0.26] 2017 ——
Syved Wasif 2017 312 11 152 356 126 152 15.2% -0.37(-0.60, -0.14) 2017 ——
Total (95% C1) 1003 1005 100.0% -0.38 [-0.47, -0.30] g

Heteropeneity. Chi* = 8.20, df = 5 (P = 0.15); I* = 39%

Test for overall effect. Z = 8.51 (P < 0.00001)

3

5

02 0 025 05

Reduction Favor Metformin Reduciton Favor Placebo

Placebo Mean Difference

Study or Subgroup  Mean [KG] SD [KG] Total Mean [KG] SD [KG] Total Weight IV, Fixed, 95% CI [KG)

Mean Difference
IV, Fixed, 95% CI [KG)

Metformin

Louise 2015 915 2.21
Xiatong 2017 751 214
Syed Wasif 2017 B35S 2.18
Alan 2003 917 238
David 2014 5.8 202
Adriaan 2009 B5.7 254
Total (95% CI)

206
199
152
164

86
196

1003
Heterogeneity. Chi* = 8.58, df =5 (P = 0.13); I’ = 42%

Test for overall effect: Z = 14,93 (P < 0.00001)

936 289 206 192% -2.10[-2.60, -1.60]
7701 245 215 242% -191[-2.35,-1.47|
85.1 267 152 158% -160(-2.15, -1.05]
93.2 288 151 13.8% -150(-2.09 -0.91]
871 278 8 91% -130(-2.02 -0.58]
869 265 194 17.9% -120[-172, -0.68]

1005 100.0% -1.66 [-1.88, -1.44)

e
—_—

¢

.-'—
ES

—_—
_—
dnigiania
—_—
L
2

- 0 2

Favor Metformin Favor Placebo

s S

Gillani et al. J Pharm Bioallied Sci 2021

LDL-C

Body
weight

22
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@ clinicaltrials.gov

Investigation of Metformin in Pre-Diabetes on Atherosclerotic Cardiovascular OuTcomes - Full Text...

@ mac scrrenshot - Google Search

. = - Find Studies ¥ About Studies ¥ Submit Studies ¥ Resources ¥ About Site ¥ PRS Login
ClinicalTrials.gov -

Home >  Search Results >  Study Record Detail

Save this study

Investigation of Metformin in Pre-Diabetes on Atherosclerotic Cardiovascular OuTcomes (VA-IMPACT)

ClinicalTrials.gov Identifier: NCT02915198
The safety and scientific validity of this study is the responsibility of the

A study sponsor and investigators. Listing a study does not mean it has :jecr:'tme': f;tat;;s 9: ;:ctlv:é nzo(';1r:crmt|ng
irst Poste : September 26,
been evaluated by the U.S. Federal Government. Read our disclaimer THELIORIEC.E s Oep
. - Last Update Posted @ : September 24, 2021
for details.
Sponsor:

VA Office of Research and Development

Information provided by (Responsible Party):
VA Office of Research and Development
Study Details Tabular View No Results Posted Disclaimer  [£] How to Read a Study Record

Study Description Goto ~

Brief Summary:

This research will help us to learn if the medicine called metformin reduces the risk of death, heart attacks, and/or strokes in patients who have pre-diabetes and heart or blood vessel problems.

Condition or disease @

Intervention/treatment @

Phase ©
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«Orav 10 10ayIKO TEAOC uETAAAQOOETAl O€ avall)TnOn TOU ATOAUTOU»

Eupirtidn Mndeia, 431 . X.



SU basics

Mn YAUKOCOECOPTWHEVOG

Other sulfonylurea

G K. channel /

Gliclazide

B-cell

Insulin granule exocytosis

Sola et al. Arch Med Sci 2015



Sola et al. Arch Med Sci 2015

Table 1. Various generations of sulfonylureas

Molecules Gen. Dose [mg] Duration of Activity of Elimination Structure
action* T1/2 metabolites
T1/2
Tolbutamide 1 500-2000 Short Inactive Urine = 100% o. 0
45t065h A~ /8\ A~
N
H,C
Glibenclamide I 2.5-15 Intermediate Active Bile = 50% Q\S;o o
to long 10 h o ’{\/G’ A
NH
S5to7 h C‘\(:L)ln st )
(o]
2,
Glimepiride I 1-6 Intermediate Active Urine = 80% Q, n n
I
Sto8h 3to6h ONRN A ‘O\
/*&5 H
Glipizide " 2.5-20 Short to Inactive Urine = 70% Q0
intermediate J:N)/&NH > “NH O
2to4h HC” N R
H
Gliclazide n 40-320 Intermediate Inactive Urine =~ 65% 0O 0 o
\ 7
10 h \S NJ"\N/N
SO
H,C
Gliquidone ] 15-180 Short to Inactive Bile = 95%
intermediate
3to4h o s
¥
NH

“Short duration of activity means < 12 h, intermediate 12—-24 h, long over 24 h.




1970: University Group
Diabetes Program

(O

1998: UKPDS

. . Dacma Patiams whh
Tolbutamide compared with placebo between  dlinical endpolms
. allocated
Tolbutamide Placebo imensve  |Monsive cma;m’&nu
AGGREGATE ENDPOINTS theraples [(M*2348) M=
All CVD deaths 26 10 g
T | deaths 30 21 en mmﬁ?é’fs‘}""““‘ Sl 745 E7H
1] ] ]
otal deat Cllbenciimide [nes15) ; 221 276
N at risk 204 205 5‘%’3.‘.’5‘3—‘3% o te Pl 57 I Ll
Chliompropamide in=~61% (<] 113
Glhercamite fn=615) 7= 112

nsuin in=511} ice 113



2. 0UAPoVUAoupia kal KA aopdAcia

« 2TIC HI'A, yia TIC 0OUAPOVUAOUPIEC UTTAPXEI EIOIKI TTPOEIOOTTOINCN AVAPOPIKA
ue Tov auénuévo kivouvo KA OavaTtou’3
— H mrpocidotroinon Baciotnke o€ euprjpata NG peAETNc UGDP T1a otroia avag@épouy augnon
oTov apiBud Twv KA BavaTtwy o€ aagBeveic TTou eAduBavay tolbutamide évavti placebo?
« 2NV Eupwtraikn Eévwon yia 1iIc SUs dev uTtTapxeEl €10IKN TTPOEIOOTTOINCON
aVa@POpPIKA e TOV augnuévo kKivouvo KA OavéTou -7

KA: Kapdiayyeiako; SUs, ZouApovuroupieg; UGDP, University Group Diabetes Program

1. Glimepiride PI at http://www.accessdata.fda.gov/drugsatfda_docs/label/2009/020496s0211bl.pdf;

2. Tolbutamide PI at http://www.drugs.com/pro/tolbutamide.html; 3. Glipizide PI at http://www.drugs.com/pro/glipizide.html;

4. Meinert M et al. Diabetes 1970;19 (suppl):789; 5. Glimepiride EU SmPC at http://www.medicines.org.uk/emc/medicine/27033;
6. Tolbutamide EU SmPC at http://www.medicines.org.uk/emc/medicine/26366; 7. Glipizide EU SmPC at

http://www.medicines.org.uk/emc/medicine/9851



UKPDS 33: dev Tmapartnpnnke emmpAanc KA etridpaon twv SUs
EvavTl IVOOUAIVNC 1 ouuBaTikAg Beparreiad’

0.4 —— Supparikr (896)
—— XAwpotrpotrauidn (619)

g 03+ = T'AiBevkAapidn (615)
= —— Ivoouhivn (911)
=1
“ 0.2
w
®
D 2upBatikni vs yAIBevkAapidn vs IvoouAivng
2 014 p=0.66

0.0 ~

0 3 6 9 12 15
‘ETn a1ré TnVv TU)XaloTTOinON

EmimrAéov, otn neAETN ADVANCE, o evtaTtikdg YAUKAIUIKOC EAeyxXOC HE TN YAIKAQCion

dev ouoyeTioTnke pe empBAaBeic KA emdpdaoelg 2

KA, Kapdiayyeiako, EM: éuppayua Tou puokapdiou, SUs, ZouApovuloupieg, UKPDS, UK Prospective Diabetes Study
1. UKPDS33. Lancet 1998;352:837; 2. Patel A et al. N Engl J Med 2008;358:2560



Cardiovascular mortality
Randomized controlled trials
Gerstein, 2010

Giles, 2010
Seck, 2010 -

Giles, 2008
Nissen, 2008 -
Jain, 2006

Mazzone, 2006 . .

Summary of randomized controlled trials |—<>— |

Observational studies

Cohort studies
Schramm, 2011a* [
Schramm, 2011b -

Schramm, 2011c Y il

Schramm, 2011d -
e
e

Schramm, 2011e
Schramm, 201111
Schramm, 2011g ———l
Schramm, 2011h ————
Schramm, 20111 —
Schramm, 2011j -—
Sullivan, 2011a* I
Sullivan, 2011b —-
Andersson, 2010 —-—
Jorgensen, 2010 E
Sillars, 2010 1
Mellbin, 2008 —
Evans, 2006a —-
Evans, 2006b -
Johnson, 2005 ———
Garratt, 1999
Summary of cohort O
Case—control studies
None

4 (0.19—2.92)
7 (0.46—56_22)
3 (0.45 55 99)
3 (0.40—3.75)
3 (0.05—2_29)
O (0.25—36.42)
1 (0.06—17.43)
2 (0.63—2_39)

“=SWO0=000
NOOWNOON

6 (1.14—1_39)
5 (0.95—1.39)
3 (0.95—1.31)
4 (1.06—1.46)
6 (0.98—1.36)
9 (1.04—1.60)
5 (0.52—1.08)
O (1.04—1.88)
3 (1.06—221)
5 (1.67—2.92)
7 (0.72—1.91)
3 (0.69—1.85)
7 (1.04—1.54)
8 (1.14—1 4aa)
9 (0.85—2 63)
5 (0.80—1.64)
O (1.18—2.45)
2 (0.25—1.52)
2 (1.00—1.72)
3 (1.13-567)
6 (1.18—1.34)

.LN.LQ.;.A.A.L.;.L.A.L.A.;Q.A.L.A.L.L.L
NOWONSANNSSONANN=SN ==

126 (1.186—1.34)
127 (1.18—1.34)

Summary of case—control
Summary of observational <
Summary of all studies <
I T T T 1 T T T
0.01 0.1 02 05 1 P S 10

Relative nsk (95% confidence interval)

100

Phung et al. Diabet Med 2013
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Impact of Type of Preadmission Sulfonylureas on
Mortality and Cardiovascular Outcomes in Diabetic
Patients with Acute Myocardial Infarction

M Gliclazide/glimepiride

* |Ischemic Preconditioning - Glibenclamide

* Oxi yia tn YAIkAadidn kai 1N
YAIJETTIPION

Zeller et al. J Clin Endocrinol Metab 2010



Network meta-analysis suggested possible
variation between SUs in effects on mortality

All-cause
mortality

Cardiovascular
mortality

Simpson et al. Lancet Diabetes Endocrinol 2015;3:43-51.

Relative risk (95% credible

interval)
Chlorpropamide ¢ 1.34 (0.98-1.86)
Tolbutamide 4 1.13 (0.90-1.42)
Glibenclamide (reference group) ¢ Reference
Glipizide 4 0.98 (0.80-1.19)
Glimepiride ¢ 0.83 (0.68-1.00)
Gliclazide 7 0.65 (0.53-0.79)
| 1

0.5 1.0 2.0
Chlorpropamide _— 1.45 (0.88-2.44)
Tolbutamide _ — 1.11 (0.79-1.55)
Glibenclamide (reference group) Reference
Glipizide J; 1.01 (0.72-1.43)
Glimepiride —— 0.79 (0.57-1.11)
Gliclazide —— 0.60 (0.45-0.84)

0.l1 -— 1.0 - 1(;.0

Lower risk than for reference group

Higher risk than for reference group
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UKPDS — Treating to Targets Elevates the Risk of
Hypoglycemia and Incidence can be High with SUs

Patients (%)

80
70
60
50
40
30
20
10

Cumulative Incidence of Hypoglycemiain T2DM over 6 Years

76
I Sulfonylurea (n=922)
Insulin (n=689)
112
3.3
1
Sulfonylurea Insulin Sulfonylurea Insulin
Any hypoglycema Major hypoglycemia™

HbA1c =7.1% in all groups

SUs=sulfonylureas; T2DM=type 2 diabetes melllitus; *Requinng medical assistance or hospital admission

UK Prospective Diabefes Study Group. Diabetes. 1995;44:-1249—1258.



GUIDE study: double-blind comparison of once-daily
gliclazide MR and glimepiride in type 2 diabetic patients

g e . Gliclazide MR 3.7%
F R
£ 95- i i 798
g S p=0.003
T \ S T
g 9%- . . |
F Glimepiride 8.9%
é: 85 T T 1 T T
0 50 100 150 200 250

Time (days)

Schernthaner et al. Eur J Clin Invest 2004



Unexplained Deaths of Type 1 Diabetic
Patients

R.B. Tattersall, G.V. Gill

Dead in Bed Syndrome: a New
Manifestation of Nocturnal
Hypoglycaemia?

‘Sleep is a death, O make me try,
By sleeping what it is to die.

And as gently lay my head
On my grave, as now my bed.’

Campell 1. Diabet Med 1991

Tattersal et al. Diabet Med 1990 (Religio Medici; Sir Thomas Browne, 1605—1682)



MeAéTn ACCORD

A Primary Outcome
TABLE 1. ACCORD 5-yr incidence of outcomes 25
Intensive Standard Hazard § Sanfinsihempr
— %___ratio P S
Total mortality 7.5 6.5 1.19 0.02 § 5 Tntensive therapy
CVD outcomes £ s
Primary composite® ~ 10.0 10.8 001 NS
CVD death 35 3.0 1.29 0.02 °3 i : 3 3 E o
Nonfatal Ml 6.0 7.0 0.82 0.01 — Yomrs
Stroke 2.0 20 08 NS Sashein R O8S B2 OBY BN @ @
Microvascular T ———
outcomes 25-
Primary composite®  10.9 115 0.95 NS .
Retinopathy 9.1 13.0 0.67 0.003 <
progression© gy a8
Moderate vision 29.8 329 0.88  0.06 2 10 Intensive therapy,
loss? g -
Microalbuminuria® 125 15.3 0.79 0.0005 /
Macroalbuminuria® " -5 — - ot T T T T r T
Severe hypoglycemia 10.5 35 3.00 <0.001 \ Years
requiring medical peveteny s12s g2 a3 ame s s e
aldf tandard therapy 1642

ACCORD Study GroupN Engl J Med 2008



Cardiac Effects of Sultfonylurea-
Related Hypoglycemia

Diabetes Care 2017;40:663—-670 | DOI: 10.2337/dc16-1972

0.3 -

* HbA1: 6.9 % 1] T r
* 1/3 utTOoyYAUKQIMIO

* /3% QOUUTTTWUATIKN
* 67% VUXTEPIVI
 [Tapdraon QT

o

N
A

-

o
[y
o
A
[S——

QT Dynamicity
=)
(S

o
o
¢

o
L

Day (0700-2300) Night (2300-0700)

D Hypoglycemia Group D Non-Hypoglycemia Group

Middleton et al. Diabetes Care 2017



Agv 1TEOAiVOUV OAOI 001 KAVOUV
UTTOYAUKOIMIEG!

* AlaBNnTIKA veupottdBeia: Ttapdatacn QT
* AIGPKEIO TNC UTTOYAUKQIUIOG
« TSH

* AVTIBIOTIKQ, QVTIOTAMIVIKA

Pistrosch et al. Acta Diabetol 2015



Effect of Linagliptin vs Glimepiride on Major Adverse
Cardiovascular Outcomes in Patients With Type 2 Diabetes
The CAROLINA Randomized Clinical Trial

|

\6042 Participants randomized—":_j:

3028 Participants randomized to receivt linagliptin \
3023 Received treatment as randormi
1127 Discontinued treatment prematurely
5 Did not receive treatment as randomized

l

—

ie glimepiride \
3010 Received treatment as ran i

1178 Discontinued treatment prematurely

3014 Participants randomized to recei

4 Did not receive treatment

as randomized

l

Rosenstock et al. JAMA 2019



40-

HR, 0.18 (95%Cl, 0.15-0.21)

331 p<oo1

304 Glimepiride
254
20
154

10
Linagliptin

Percentage of Participants With Event

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 5.5 6.0 6.5
Years After Treatment Initiation

A | Time to 3P-MACE end point
30+

HR, 0.98 (95.47% Cl, 0.84-1.14)
P <.001 for noninferiority

251 p= 76 for superiority

204

151

101

Percentage of Participants With Event

1 I I 1 I 1 I 1 I 1 I I I
0O 05 10 15 20 25 3.0 35 40 45 50 55 6.0 6.5

Years After Treatment Initiation
Rosenstock et al. JAMA 2019



2-year efficacy and safety of linagliptin compared with
glimepiride in patients with type 2 diabetes inadequately
controlled on metformin: a randomised, double-blind,

non-inferiority trial

Linagliptin better Glimepiride better

n Relative risk* p valuet
(95% (1)
Linagliptin  Glimepiride
Adjudicated major 12§ 26 — | 0-46 (0-23-0-91) 0-02
cardiovascular eventst i
Cardiovascular death€ 2 2 + 1-00 (0-14-7-07) 0-99
Non-fatal myocardial infarction 6 10 *— 0-60 (0-22-1-64) 031
Non-fatal stroke 3 11 * i 0-27 (0-08-0-97) 0-03
Admission to hospital due to 3 3 6 1-00 (0-20-4-93) 0-99
unstable angina i
I | | i | | |
Y8 14 12 1 2 4 8
< >

Gallwitz et al. Lancet 2012



AAua oTn AOVYIKN

O1 SUs kavouv ‘ O1 UTTOYAUKQIMIEG
UTTOYAUKOIMIEG auéavouv Tov KA

Kivbuvo

Oi1 SUs oO¢v
au¢avouv Tov KA
Kivouvo !



> J Diabetes. 2020 Jul;12(7):499-502. doi: 10.1111/1753-0407.13035. Epub 2020 Mar 23.

A lion in the room: Has the CAROLINA trial definitely

resolved the issue of the cardiovascular safety of
sulfonylureas?

Theocharis Koufakis 1, George Dimitriadis 2, Kalliopi Kotsa

Affiliations <+ expand
PMID: 32202061 DOI: 10.1111/1753-0407.13035

Koufakis et al. J Diabetes 2020



2 UPTTEPACUATO

* OAol o1 aoB¢gveic dev gival idlol

* OAec o1 SUs dev €ival idieg

* OAgg TTpOKOAOUV UTTOYAUKAOIMia!
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O1 eMOPACEIC TWV TTAAAIOTEPWYV AVTIOIARNTIKWYV
TTapayoviwy otov Kapolayyelako Kivouvo

[Mepiexopeva

MeT@oppivn

20UA@oVvuAoupieg

Oc1aloA1dIveEDIOVEG




OcialoAidivediovec (TZD; PPAR-y aywvioTEQ):
Mnxaviouocg dpaaong

T KEAETIKOC HUC AITTOdNC 1oT6C ‘Hmap

T MpdoAnwn yAuk&Ing Evepyomroinon PPARy d MAukoveoyéveon
A 4
NITToyéveon
T NpooAnyn ATapwy oféwv
T Nitroyéveon

T NpooAnyn yYAUKGZNg

d EAeUBepa AiTTapd o€éa oTo TTAGoua

d YToyAukaipia |y
PPAR, peroxisome proliferator-activated receptor; TZD, thiazolidinedione

Mpooapuoyn amd Bailey CJ & Feher MD. Therapies for diabetes including oral agents and insulins. Sherborne Gibbs Limited, 2004




To 2007, EeXWPIOTEC NETA-AVAAUCEIC TTPOTEIVAV OIAPOPETIKEC KA
EMOPATEIC TWV EKTTPOCWTIWY TNC KaTnyopiac Twv TZDs

Meta-avaAuon PooiyAitadovng

EM
OR 1.43 (95% CI 1.03, 1.98)
p=0.03

KA Oadavarog
OR 1.64 (95% C1 0.98, 2.74)
p=0.06

<€
Favours rosiglitazone

1.0

Favours control

MeTta-avaAuon MioyAitadovng 2

EM
HR 0.81 (95% Cl 0.64, 1.02)
p=0.08

L 2
Odvarog
HR 0.92 (95% CI1 0.76, 1.11)
p=0.38

——

<€
Favours pioglitazone

1.0

Favours control

Aev ouykpiBnkav o€ kapia RCT atreuBeiag o1 KA emdpAoeIc TNG

MoyAitadovng kai TnG PoaiyAitalovng

KA, Kapdiayyelako; EM: éuppayua tou puokapdiou; OR, odds ratio; TZD, thiazolidinedione
1. Nissen SE & Wolski K. N Engl J Med 2007;356:2457; 2. Lincoff AM et al. JAMA 2007;298:1180



[TlioyAiITaldovn: 2xedlaouocg TS ueAETNC PROactive

216X0G Kopia kpITApIa EI0aYWYAS

O 1TpoodIopIouOG TNG ETTIOPACNGS TNG 1. AoBeveig pe ZAT2 Kal €vOEIEN HOKPOAYYEIAKAG
moyAiTalévng OTn HOKPOAYYEIOKN voonpoTnTa vOOOU

Kal BvnoiudtnTa o€ aoBeveic uwnAou Kivouvou 2. HAkia 35-75 €1n

pe T2D 3. HbA1c >6.5%

Me 1} xwpig TpoTEPN BeparTreia
MoyAiradévn VS Eikoviké ®appako

N=5238; Méon didpkeia TTapakoAoubnong 34.5 prveg

MpwTeloVv TEAIKS: XpOVOC £WG TO TTPWTO CUMPBAV BavdaTtou oTTolaodNTTOTE aiTiag, un 8avarneopou EM, AEE,

00Xz, evboayyelak/XEIPOUPYIKN ETTEURACN OTIC OTEPAVIAIEC apTNPiES / apTnpieg TTOdIOU, AKPWTNPIACHOS TTAVW OTTO TOV a0TPAYAAO

AguTtepeloVv TEAIKO: XPOVOG £WG TO TTPWTO CUMPBAV BavdTou OTTolIoodRTTOTE aiTiag, un Bavarneopou EM, AEE

2TaTioTIKA AvaAuon « O TeAeUTIOG AOBEVIAC TTOU EVTAXONKE

« 2760 aoBeveig ue =1 TEAIKE CUPBAVTA akohoubnBnke yia 30 priveg

EM: ‘Epppayua Tou Muokapdiou, OZ2: OgU atepaviaio ouvdpouo; HbA1c, glycated haemoglobin; AEE: Ayyeiakd EykepaAikoé Etreioddio
PROactive, PROspective pioglitAzone Clinical Trial In macroVascular Events; 2A12: Zakyxapwdng diaBriTng TUTTOU 2
Dormandy JA et al. Lancet 2005;366:1279



PROactive: H mmioyAitalovn nrav avwtepn Tou placebo yia 1o
KUPIO OEUTEPEUOV TEAIKO ONMUEIO AAAG OXI YIO TO TTPWTEUOV

Xpovog £éwg TNV p@avion 0avdaTou oTToIaodATTOTE AITIAG,

Npwrtevov TeAIKG onueio un Bavarngoépou EM, AEE

25 251
. — mmoyAitalévn (oupBavta) . — mmoyAiTagovn (301 cupBavra)
Q - . 2 ]
; 20 Placebo (572 cuuBavTa) 204 — Placebo (358 cuuBavTa)
2 2
b >
3 151 8 151
= =3
g =)
5 10- © 101
> =
o o
§ 57 "é 5 -
< 2

0 T T T T 1 0 T T T T T 1
0 6 12 18 24 30 36 0 6 12 18 24 30 36
Xpoévog amod Tnv Tuxaiotroinon (MAVEG) Xpovog atré Tnv Tuxalotroinon (MAVEG)

HR 0.90 (95% CI 0.80, 1.02) HR 0.84 (95% Cl 0.72, 0.98)
p=0.095 p=0.027

NoonAcia yia Kapdiaki AveETTapKEIa:
6% (149 ato 2605) ue moyAhitalovn vs 4% (108 ammd 2633) ue placebo; p=0.007

*@dvaTog oTrolacdNTToTE aiTiag, un Bavarngeoépou EM (including silent Ml), AEE, OZ%, AKkpwTnpiacuog TTodloU, aTepaviaia eTTavayyeiwon i eravayyeiwon KATw akpou
EM: ‘Epopaypa Tou Muokapdiou, OZ2: O¢u oTtepaviaio cuvdpouo; AEE: Ayyelakd EykepaAiko Etreioddio,
PROactive, PROspective pioglitAzone Clinical Trial In macroVascular Events, Dormandy JA et al. Lancet 2005;366:1279
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IRIS: Pioglitazone for Stroke Prevention

ORIGINAL ARTICLE

Pioglitazone after Ischemic Stroke
or Transient Ischemic Attack

nan, C.M. Viscoli, K.L. Furie, L.H. Young, S.E. Inzuc ,
oy P.N J—:'I 1zZ1. R. Conw t | M. Brass,~ .Gl DS
A. C W. Clark, B. Coull, G.A
Sen | ). Srnence

< | T
WD | i|]‘l.*"‘.,:‘

NEJM: Published on-line: February 17, 2016 DOI: 10.1056/NEJMoa 1506930



IRIS: Trial Design

Eligibility: Recent TIA or Ischemic Stroke

Non-Diabetic

Insulin Resistant (HOMA > 3.0)

No CHF
O years

Placebo

R Y

N=3895"

Pioglitazone o years

.

15mg—45 mg

-

s

Fatal/non-fatal Ml
Fatal/non-fatal stroke

*90% power to detect a 20% RRR from 27% in the placebo group to
22% in the pioglitazone group at an alpha level of 0.05

Viscoli CM ef al. Am Heart J 2014:168:823

ClinicalTrials.gov Identifier:
NCT00091949




IRIS: Primary Outcome

100% —

Pioglitazone

95%

Cumulative

Event-Free
Survival

Probability

90%

HR 0.76
95% CI, 0.62 to 0.93
P=0.007

*cumulative event rates

20 40
Months in Trnal

Keman WN ef al. N Engl J Med, published on-line Feb 17, 2016 DOI: 10.1056/NEJMoa 15060830
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Filipova et al. Diabetol Metab Syndr (2017) 9:90 -
DOI 10.1186/s13098-017-0290-5 Diabeto Iog)/ e

Metabolic Syndrome

REVIEW Open Access

Effects of pioglitazone therapy on blood QD croveneene
parameters, weight and BMI: a meta-analysis

Elena Filipova' @™, Katya Uzunova', Krassimir Kalinov? and Toni Vekov?

5 B 3 Gaberetal, 2003, 44mgf21]) 9120 (1610,1370) 033 |
¢ Pooled 0058 (0.0330.142)  100.000 |
Stady WMD S50 CT  Weighto Q=91.49,p=000,12 = 86%
Bahaon etal, 2007 [13] 0110 (0070,01%0) 7784 '
Mattooet al, 2005 [1£] 0120 (DOK:0190) T3} + d iy WD NN Wagw
Belfort etal, 2006[14) 0080  (0040,0200) 7282 HH . ) : l
D ¢ 200104] msoll e gliome s Berhana ot al, 2007 [13] 0000 (©220,0220) 10324]
N s, Lianlill 430 GNNG T o4 Belfortetal, 2006 (14] 0270 (9.800,02%0) 831 | 1
5 auw- J;-cllll e e m.o.w» e . DeFroazo etal, 2011 [16] 100 (1170;-1030) 11313 ] 8
DRIl A NGNS TN 'y Rosenstocketal, 2002, 15 mz (18] 0060  (0.090,0210) 11110 |
g - o g s - Roscustocketal, 2002, 30 mg[18] 0120  (0.260,0030) 11126 |
- TP y— prtiii g . Davidson ot al, 2006, 30mg[19] 9050  (4.120,0010) 11321 |
ey P f Davidron etal, 2006, 45 mg[19] 0070  (0.130;0.002) 11322 |
Yohui et al, 20014 28] 0120 (DO00190) T 660 R Goldbargetal. 2004 (3] 0590 (0760:0410) 1n01%|
Kodama et al. 2013 (23] 0140  (©030.0310) 6362 i Xuetal.2015(20] D200 (0.400,0004) 10924 ]
Gabe dal, 2003, 0 me(21) 0110  (0680,0680) 2383 + OGubaratal, 2003, 30mg 21) AN OB BAM]| Te——
Gaberetal, 20033045 me[21] 0120  (0550,0790) 2432 * Gabe etal, 2003.30 ‘5-'!I!ll 0?0 - :w: :«:o» 044} | | e
Subias s wugl) S el DG . Gaber e o, 2003, 4¢ mg[21] 0280 (3280,2720) 1004 || —ge
00 EMESSS BN ’ Pooled 0267 (0.597:0.063) 100.000] {
Q=1396 41, p=0.00,12 = 994, | Q=452.33.90.00.3 =90
I 5 0 s

Filipova et al. Diabetol Metab Syndr 2017
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Meta-analysis showed increased risk for congestive heart failure with
both pioglitazone and rosiglitazone

Comparison of risk of congestive heart failure

Weight Risk ratio (95% Cl) Risk ratio (95% ClI)
Rosiglitazone trials 46.2% 2.41 (1.61-3.61) —i—
.
Pioglitazone trials 53.8% 1.32 (1.04-1.68) ‘
Total 100.0% 1.74 (0.97-3.14) | | | | |
0.1 0.2 0.5 1 2 5 10
Decreased risk Increased risk

Test for overall effect: Z=1.85 (p = 0.07)

* In a meta-analysis of 20,191 patients with pre-diabetes or T2D, the
increased risk for congestive heart failure with TZDs did not differ NYHA I" & IV

between rosiglitazone and pioglitazone (p = 0.07)

Lago et al. Lancet 2007;370:1129-36.
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PoaiyAitadovn: Zxediaopocg TG peAétTne RECORD

>TOX0G Kipia kpitipia ei1caywyng

MeAETN yia TN OUYKPION TNG MOKPOQAYYEIOKAG 1. AoBeveic ue ZAT2 o€ Bepartreia pe NEYIOTEG
voonpPOTNTAG KAl BvnoiydTnTag o€ aoBeveig Pe QVEKTEG DOOEIG PETQOpUivng A SU

2A12 10U £Aaav Bepartreia e pooiyAitaldovn + 2. HAikia 40-75 é1n

HeToppivn / SU 3. BMI 225.0 mg/kg?

OPEN-LABEL

PoaiyAitalévn + peT@oppivn OPEN-LABEL

1 EVAVTI

PoaoiyAitaloévn + SU

MeTtpopuivn + SU

N=4447; didpkeia TTapakoAouBnong 5-7 €1n

NMpwTteUov TEAIKO:
XpoOvog PEXPI TNV TTPWTN EJPAvion kapdlayyelakig voonAgiag f kapdiayyeiakou BavaTou

AguTtepelov TEAIKO:
XPOVOC £w¢ TO TTPWTO CUMPBAv Bavdarou otTolaodATTOTE aiTiag, un Bavarnedépou EM, AEE

2TATIOTIK) AVvaAuon

*  Oplo un katwtepoTnTag 1,20 yia HR * 4000 ocupuETEXOVTEG TTAPOKOAOUBRBNKavV yia éva
MECO OpO 6 eTWV TTPocdidovTal IoXU oTo 99%

EM: Epgppayua Tou Muokapdiou; RECORD, Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of glycaemia in Diabetes; SU, sulphonylurea;
AEE: Ayyeiaké Eyke@alikd ETTeioddio ZAT2: Zakxapwdng diapnTng Tutrou 2
Home PD et al. Lancet 2009;373:2125



PoaoiyAitadovn: 1a ammoteAéouara TnS neAéETne RECORD
Oev £0¢€1cav augnon oto KA ©davaro

MapdayovTtag
eAéyxou HR 95% CI
N=2227

KA ekBaoeig PooiyAitalovn

(original data)'2 N=2220

MpwTteUov TEAIKO

KA ©davatog 1 KA NoonAegia 321 323 0.99 0.85, 1.16
AguTtepeloV TEAIKO

@davaTog KAbe aitiag 136 157 0.86 0.68, 1.08
KA ©davartog 60 71 0.84 0.59, 1.18
EM 64 56 1.14 0.80, 1.63
AEE 46 63 0.72 0.49, 1.06
KA 8avartog, EM or AEE 154 165 0.93 0.74,1.15
Kapdiakr) AVETTapKeIa 61 29 2.10 1.35, 3.27

« To 2013, emTpotrr} Tou FDA wri@ioe TN PEiWon TwV TTEPIOPICUWY ag@aAeiag yia Tn poaiyAitalovn?3

 QoT1600, dEV UTTAPXOUV HAKPOTTPOBECHA TTPOOTITIKA Ocdopéva OXETIKA e TNV KA ac@dAcia, €101 n
QuPIoBATNON TTAPANEVEL 4

KA: Kapdiayyeiako; EM: ‘Epgpaypa Tou Muokapdiou; AEE: Ayyeiakd EykepaAiko Etreicédio
RECORD, Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of glycaemia in Diabetes
1. AVANDIA US Prescribing information; 2. Home PD et al. Lancet 2009;373:2125; 3. FDA Safety Information; 4. Rosenson RS et al. Am Heart J 2012;164:672



CV safety of TZDs

TZDs cause or exacerbate heart failure in some patients’ (still no HF
mortality)

* CV meta-analyses in 2007 suggested differing effects on CV outcomes

* Pioglitazone was associated with a significant 16% reduction in
3P-MACE (as a secondary endpoint) vs placebo in PROactive?

* Rosiglitazone open-label RECORD data showed no increase in
CV death’

» FDA reduced the safety restrictions on rosiglitazone imposed following
2007 meta-analysis?® but controversy over CV safety remains

‘Within the PPAR family, there is no “class effect” and each agent
must be considered unique. The FDA has mandated that each agent

within this class be evaluated individually in a variety of ways
including clinical outcome studies*

1. AVANDIA US Prescribing information. 2. Dormandy et al. Lancet 2005;366:1279-89. 3. FDA Safety Information.
4. Rosenson et al. Am Heart J. 2012;164:672-80.



OEPAIEYTIKH AIAXEIPIZH AZOENQN ME ZA TYINOY 2
ME YWHAO K/A KINAYNO - ETKATEZTHMENH AKN - XNN - KA ME MEIQMENO KE

ErKATEZTHMENH AOHPOZKAHPYNTIKH KAPAIAITEIAKH NOZOZX /

AAAayn Tpétrou {wrig (Aiaita, Aoknon, AmwAgia Bdapoug, Exkmraidevon) +

YWHAOZI KINAYNOZ, KAPAIAKH ANEMNAPKEIA, XPONIA NE®PIKH NOZOZX

» ‘Evapén pe 2mAn aywyri 6tav n puBpion eival
pakpdv Tou otéyou .. HbA1C >1,5%.

g Mergoppivn (ouviiBwg) pe aywvioTi! GLP-1 gite/f] avaoTtoAéa® SGLT2 o ‘Evapén kai pe IVOOUAIVI) OF EXCEOTaopEVT
- Avegaptnra niprig HbA1c i emtiteugng yAukaipikot otdxou rj xopriynong Metgopuivng U“EPVMK%I&G KmﬂBoMUuo m.X. HbA1c >10%,
I
; v l ¥
3 Av TTpOEEdpXE!: AV TTpOEEGpPXEL: | Av Tpoegapxer:
= Eykareotnpévn ABnpookANpuVTIKN Kap&iakr Averrdpkeia Xpovia Negpikny N6oog
; Kapdiayyeiakn Nooog / YynAog Kivduvog XNN + Aeukwparvoupia || XNN xwpic Acukwparnvoupia
3} * Eykareotnuévn AKIN T.X. >200 mg/g T.X. GFR <60 mL/min/1,73 m?2
=y * YynAog kivduvog AKIN (>55 eTwv pe oTévwon
& otegaviaiag aptnpiag, kapwridag, aptmpiag KATw dKpwY ‘
- >50% n uTrepTPOQia apIoTEPAS KOIAiag) Kard oot
Kara wportiunon
>
"& AywvioTtrig GLP-1 l AvaoToAéag SGLT2* AvaoTtoAéag SGLT2 pe ioxupa Sedopéva
o HE TEKUNPIWHEVO ME TEKHUNPIWHEVO yia peiwon e§éAigng XNN2.6
Pl KAT 6@eAog! KA 6¢pehog! 6 |
> & 7 AvaoToAéag SGLT2 pe Sedopéva yia
w Av perd ~3 priveg n HbA1c > otéxo 1) av ol HETPAOEIG Av pETd ~3 priveg n HbA1c > oTdxo 1) av ol HETPATEIS peiwon e€€AiEng XNN ot KAT peAéreg?
>°< auTtoeAEyxou eival UPNASTEPES TWV OTOXWV auTOEAEYXOU Eival U G TWV OTOXWV o
w = AywvioTiig GLP-1 pe tekpunpiwpévo KA
P a KAT 6@ehog!
5 SPREKOU e pehos 6@elog! o Suoavetia ) avrévdeign
aAywvIoThS GLP-‘l n avigoAéag SGLT2) Ma Trepaitépuw evrarikotoinon rj oe ducavetia fy
3% | £/eescsccscassssasssssnensNenssnsnsansnsasnnns avrévdegn xopriynong SGLT2 emilege pappara XOP"IY"IU"IC avaoToAéa SGLT2
HE KA 6@eAog fykal aopdAeia: A 4

* MNpooBrkn GLP-1 pe KA 6gelog!
* DPP-4 (edav e Aappavel aywwiotr) GLP-1) iy

Ze aropa pe ZAT2 kai XNN (m.x. GFR <60 xai

- N oe Suocavetia f avrévBen * Baoikr] voouAiv® ) i 2 ¥
W GLP_1 I’lem SGL o e e e o ZoUNpOVUNGUPKE 230 mL/min/1,73 m?) ka1 dpa auinuévou KAI kivdivou
* DPP-4 (eav e Aappavel GLP-1) * Ox1 moyAMiTalovn oe KA l,
* Baoikr ivoouAivn® fj AywvioTtiig GLP-1 AvaoTtoAéag SGLT2
* Zouhgovuloupia® HE TEKUNPIWHPEVO HE TEKHNPIWpPEVO
H évapgn kai evrarikotroinon yia tnv éykaipn emiteun Kai Siarfpnon Twv YAUKaIJIKWY KA égpeAog! KAr 6@eAog!?
oTOXWYV, KaBodnyeiTal amoé TIg CUVVOONPOTNTES, TOUS TTAPAYOVTEG TOU aTopou pe Siafntn

Trou KaBopifouv TNV emiAoyn BepaTtreiag Kai TIg avdykeg Siaxeipiong

KAI': kapSayyaiaxd, AKIN: aBnpooxkAnpuvtikr kapSiayyeiakr vooog, KA: kapdiakr) averrdpkeia, XNN: xpovia veppikr véoog, KE: kAaoua efwbnong

1 Orav umrdpye etrionpn évBeign peiwong KAI emreicodiwy

2 H amoreAgopankétnra Twv SGLT2 om peiwon g yAukédng penuveral oe eGFR <45 mU/min/1,73 m?2 kan Ba Tipémer va efeTaoTei 1o evBexopevo
emmrpéobemng Beparreiag 6rav amareital epaITEpw YAUKQINIKOG EALYXOG.

3 H PIO ot xaunAéTtepn g péyiotng Socohoyiag mBavov va éxel kahlTepn avoxr), OpwS Xwpic 1I0Xupr) Texunpiwan ot pehéteg KA exBaoewv.

4 H Degludec xai n) Glargine 100 éxouv peAétn KA aogpdAeiag

5 KivBuvog utroyAukaipiag: MkAalidn < Mapempidn < MTABevkAapidn. H yhiuempidn éeige iSia KA aopdAeia pe Toug avaotoheic DPP-4.

6 H epma-, kava-, SamrayhipAodivn éxouv Beife peiwon voonAeiag yia KA kai peiwon e§ENENS veppikig véoou ot KAT peAéteg. H kava- kai
Samayhghodivn Exouv 1yevr) dedopéva veppikwy exBdoewy. H damma- kar epmrayAipAodivn £xouv 1yevr) dedopéva oe KA

7 Ovav umrdpye emionun évBeln peiwong KA (Samayhiphodivn, epmrayAigphodivn).

* Or avaotoAeic SGLT2 édeifav KA dpelog pévo otoug aoBeveic pe eykareotnuévn KAN

EAANHNIKH AIABHTOAOINKH ETAIPEIA, KATEYOYNTHPIEZ OAHMEZ A TO ZAKXAPQAH AIABHTH, 2022

Av pera ~3 prveg n HbA1c > oTo)0 1} av oI HETPROEIG
QUTOEAEYXOU Eival UWPNAGTEPES TLWV OTOXWWY

’ MNa meparépw evrankoTroinon emiAeée cuvBuaouévn
aywyn (aywwoTrig! GLP-1 + avactoAéa! SGLT2)

Ie KGO BepaTreuTIKO Bripa

Ze pn emmiteugn Twv oTéxwy f eTi ducavetiag r) avrévdegng oe
aywwiotr) GLP-1 ry/kan avactoAéa SGLT2 emidele avacToréa
DPP-4 (eav dev Aappaver GLP-1) i} pe Trpoooxr) Tnv TTpoadrikn
Baokng vooulivng! i moyAiralévng® 1} coulgovuloupiag®
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Mnxaviouog dpaonc Twv DPP-4 avaotoAswv

Tpopn Algyeipel TNV eCOPTWHEVN ATTO TN
DPP-4 AVEVEQYO YAUKO(N €KKPION IVOOUAIVNG

avaoToAEQG GLP-1

KaTaoTEAAEI TN JETAYEUMUATIK
EKKpION YAuKayovng

2 TOMAXI

AlapecoAaBeital atrdé dgova
EVTEPOU-EYKEPAANOU-TTAYKPEATOG

.y

> Evepyd GLP-1 >

EmBpaduvel Tn yaoTpIKr EKKEVWON

[Maykpeag

Mayu Evrepo
B-kUTTOPA

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1
Mpooapuoyn atéd: Drucker DJ. Expert Opin Invest Drugs 2003;12:87; Ahrén B. Curr Diab Rep 2003;3:365; Robinson LE et al. BMJ Open 2013;3:pii e001986 70



TECOS: 2xedlaouoc MeAETNC

210X06: H agioAdéynon 1ng KA ac@daAeiag TG CITAyAITTTiVNG €vavTl TOU €IKOVIKOU Qapudkou o€ acBeveic pe ZAT2 kal eKAN

Pre-treatment
period

Sitagliptin 100 mg qd* + standard of care

Placebo + standard of care

|< ......................... >|< .........................
b 1

(1:1)

Median duration: 3.0 years T
1390 primary events

End of treatment

Key inclusion criteria
* Aged 250 years with T2D

or insulin, with or without metformin
e Established CV disease

*  HbA1c 6.5-8.0% receiving stable oral glucose-lowering therapy

Key exclusion criteria

* DPP-4 inhibitor, GLP-1 receptor agonist or TZD (other than
pioglitazone) within the last 3 months

+ 22 episodes of severe hypoglycaemia in the preceding 12 months

« T1D

«  eGFR <30 ml/min/1.73 m?

W

(3P-MACE or hospitalisation for unstable angina)
Key secondary endpoint  3P-MACE (CV death, non-fatal Ml or non-fatal stroke)

*50 mg qd for patients with baseline eGFR 230 to <50 ml/min/1.73 m2

3P-MACE, 3-point major adverse cardiovascular events; 4P-MACE, 4-point major adverse cardiovascular events; CV, cardiovascular; DPP-4, dipeptidyl
peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, glycated haemoglobin; MI, myocardial infarction;
T1D, type 1 diabetes, T2D, type 2 diabetes; TZD, thiazolidinedione, eKAN: eykateatnuévn Kapdiayyeiakri Néoog

Green JB et al. N Engl J Med 2015;373:232
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Clinical Outcomes with Sitagliptin

TECOS
(n=14,671)

A Primary Cardiovascular Outcome B Secondary Cardiovascular Outcome

100+ Placebo, 100+ Placebo,
154 12.54

10.0

i
3

Sitagliptin Sitagliptin

101 754

5.0

254 Hazard ratio, 0.99 (95% Cl, 0.85-1.10)
P=0.84
0.0

T T T T T
24 30 36 42 48

3
I

Hazard ratio, 0.98 (95% Cl, 0.89-1.08)
P=0.65

T T T T T
24 30 36 42 48

=
I

Patients with Event (%)
Patients with Event (%)

(]
o
1

Month

No. at Risk No. at Risk
Sitagliptin 7332 7131 6937 6777 6579 6386 4525 3346 2058 1248 Sitagliptin 7332 7145 6965 6817 6638 6457 4584 3396 2097 1270
Placebo 7339 7146 6902 6751 6512 6292 4411 3272 2034 1234 Placebo 7339 7161 6939 6796 6573 6359 4472 3332 2070 1260

C Hospitalization for Heart Failure D Death from Any Cause
100 ) 100

=
I

3
I

Hazard ratio, 1.01 (95% CI, 0.90-1.14)

Hazard ratio, 1.00 (95% Cl, 0.83-1.20)
P=0.88

P=0.98

5
I

T T T T
30 36 42 43

Patients with Event (%)

Patients with Event (%)
A S

(]
o
1

Month

No. at Risk No. at Risk
Sitagliptin 7332 7189 7036 6917 6780 6619 4728 3515 2175 Sitagliptin 7332 7262 7180 7103 6904 4964 3739 2321 1435
Placebo 7339 7204 7025 6903 6712 6549 4599 3443 2131 Placebo 7339 7271 7176 7098 6864 4891 3673 2293 1412

TECOS, Trial Evaluating Cardiovascular Outcomes with Sitagliptin.
Green JB, et al. N Engl J Med. 2015;373:232-242.



Individual Secondary Outcomes with Sitagliptin

TECOS Intent to Treat Analysis
(n=14,671)

Median follow-up: 3.0 years

Hazard ratio (95% CI) P value
CV death —>— 1.03 (0.89-1.19) 0.71
Hospitalization for unstable angina : 4 ! 0.90 (0.70-1.16) 0.42
Fatal or nonfatal Ml —— 0.95 (0.81-1.11) 0.49
Fatal or nonfatal stroke : ! 0.97 (0.79-1.19) 0.76
Death from any cause —— 1.01 (0.90-1.14) 0.88
Hospitalization for heart failure = g = 1.09 (0.83-1.20) 0.98
Hospitalization for heart failure or CV death —— 1.02 (0.90-1.15) 0.74
O,? 1,00 1,50

Favors sitagliptin
CV, cardiovascular; MI, myocardial infarction; NF, noninferiority; TECOS, Trial Evaluating Cardiovascular Outcomes with Sitagliptin.
Green JB, et al. N Engl J Med. 2015;373:232-242.
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Primary and Secondary Outcomes with Sitagliptin

TECOS Per Protocol Analysis

(n=14,523)

Median follow-up: 3.0 years

Hazard ratio (95% CI) P value

Primary composite endpoint* e 0.98 (0.88-1.09) <0.001 (NF)
Secondary composite endpointt e 0.99 (0.89-1.11) <0.001 (NF)
Acute pancreatitis PN , 1.80 (0.86-3.76) 0.12
Ronmelanoma skin cancer) > 0.03 (0.80-1.44) 038
Pancreatic cancer 0.91 (0.37-2.25) 0.85
Severe hypoglycemia Hé— 1.13 (0.89-1.44) 0.31

0,00

1,00 2,00 3,00 4,00

Favors sitagliptin

*Cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for unstable angina.

TSecondary composite: cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke.

NF, noninferiority; TECOS, Trial Evaluating Cardiovascular Outcomes with Sitagliptin.

Green JB, et al. N Engl J Med. 2015;373:232-242.



Eivair oAor o1 DPP4
aVAOTOAEIC idIOI;



NoaonAcia yia Kapdlakn AVETTAPKEIQ OTIC MEAETEC KA
ekBaoewv Twv DPP-4 avaoTtoAéwy

H caayAItrtivn ouvo£éOnke pe onuAvTIK aunon Tou KivOUvou yia VOonAgia atrdé KapdiakKn

OVETTAPKEIO CUYKPITIKA JE TO EIKOVIKO @APHUAKO

Study drug Placebo
n with event/N analysed (%) HR (95% CI) - e
22\)\43&1)”\’” 53 280/8280 (3.5)  228/8212 (2.8)  1.27 (1.07, 1.51) —— 0.007
gﬁ’;’i\gt'i':)E*z 106/2701 (3.9) 89/2679 (3.3)  1.19 (0.90, 1.58) ——® 0.22
Lﬁa%%f;j 228/7332 (3.1)  229/7339(3.1)  1.00 (0.83, 1.20) —— 0.98
(ﬁnAazlli\;/l)tliEnlslNA@“ 200/3494 (6.0)  226/3485(6.5)  0.90 (0.74, 1.08) — e 0.26
0.5 1 2
<€ >

Favours study drug Favours placebo

Comparison of trials should be interpreted with caution due to differences in study design, populations and methodology

*According to an FDA safety review, saxagliptin and alogliptin may increase the risk of heart failure, particularly in patients who already have heart or kidney disease.
A warning has been added to the labels of these drugs®; THeart failure risk was not assessed at the time of the trial

CVOT, cardiovascular outcomes trial; DPP-4, dipeptidyl peptidase-4

1. Scirica BM et al. N Engl J Med 2013;369:1317; 2. Zannad F et al. Lancet 2015;385:2067; 3. Green JB et al. N Engl J Med 2015;73:232; 4. Rosenstock J et al. JAMA
2019;321:69; 5. FDA Drug Safety Communication. Feb 2014. https://www.fda.gov/drugs/drugsafety/ucm486096.htm (accessed Mar 2019)
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[Tolo¢ dlaonuoc¢ Ba nrav o1 DPPA4i;






O1 eMOPACEIC TWV TTAAAIOTEPWYV AVTIOIARNTIKWY TTAPAYOVTWYV
oTov Kapdlayyelako KivOuvo
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Basal Insulin and Cardiovascular and Other
Outcomes in Dysglycemia

The ORIGIN Trial Investigators

N Engl J Med
Volume 367(4):319-328
July 26, 2012
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Study Overview

* |n this study with a 2-by-2 factorial design,
patients with cardiovascular risk factors and
dysglycemia or type 2 diabetes received
insulin glargine or standard care.

* Insulin treatment did not affect cardiovascular
events, the primary outcome.

39:% The NEW ENGLAND
*w,,.;;ﬁ‘} JOURNAL of MEDICINE




Proportion of Participants with Events over Time

A Myocardial Infarction, Stroke, or Death from Cardiovascular Causes
(Coprimary Outcome)
o.s
Adjusted hazard ratio. 1.02 (0O.94—1.11)
P—0.63 by log-rank test

Insulin glargine____——

PropotionwithEvens

3
Years of Follow-up

No. at Risk
Insulin glargine 6264 S5619 5379
Standard care c273 5632 Sa41S

Coprimary Outcome plus Revascularization or Hospitalization for Congestive
Heart Failure
o.s
Adjusted hazard ratio, 1.04 (O.97—1.11)

P—0.27 by log-rank test
Oo.4a

=
=
=3
=
(i)
=
=
=
=
=
=3
=
=
=

3 =3
Years of Follow-up
No. at Risk

Insulin glargine 6264 5153 438335
Standard care s273 s186 4880

Death from Any Cause

o.s
Adjusted hazard ratio, O.98 (0O.90—1.08)
P—O.70 by log-rank test

Standard care

Insulin
glargine

Proportionwith Evens

3 4
Years of Follow-up

No. at Risk
Insulin glargine 6264 s8s57 ses87
Standard care s273 58738 5710

The ORIGIN Trial Investigators. N
Engl J Med 2012;367:319-328

Th NEW ENGLAND
JOURNAL of MEDICINE
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Hazard Ratios for the Coprimary and Other Outcomes

Outcome Insulin Glargine Standard Care Hazard Ratio (95% Cl) P Value
(N=6264) (N=6273)

no./100 no./100

no. (%)  patient-yr no. (%)  patient-yr
First coprimary outcome 1041 (16.6) 2.94 1013 (16.1) 2.85 1.02 (0.94-1.11)
Second coprimary outcome 1792 (28.6) 5.52 1727 (27.5) 5.28 1.04 (0.97-1.11)

Microvascular outcomes 1323 (21.1) 3.87 ; 3.99 0.97 (0.90-1.05)
Total mortality 951 (15.2)  2.57 : 2.60 0.98 (0.90-1.08)

Total myocardial infarctions 336 (5.4) 0.93 : 0.90 1.02 (0.88-1.19

)
)

)
Total strokes 331 (5.3 )
Death from cardiovascular causes 580 (9.3 ( )
Hospitalization for congestive heart failure 310 (4.9) 0.85 § 0.95 0.90 ( )
Revascularization 908 (14.5) 2.69 860 (13.7) 292, 1.06 (0.96-1.16)
Angina 709 (11.3)  2.07 743 (11.8) 217 0.95 (0.85-1.05)
Unstable 238 (3.8)  0.66 261 (4.2) 072 0.91 (0.76-1.08)

( )

( )

( )

( )

0.91 . 0.88 1.03 (0.89-1.21
1357 : 1.55 1.00 (0.89-1.13
0.77-1.05

New 100 (1.6)  0.27 138 (2.2)  0.38 0.72 (0.56-0.93
71) 126 1.02 (0.89-1.16
0.8)  0.14 0.89 (0.60-1.31
33.0)  6.91 1.00

Worsening 455 (7.3) 1.29 446 (
Limb or digit amputation 47 (0.8) 0.13 53
Cardiovascular hospitalization 2081 (33.2)  6.98 2071

(
( 0.94-1.0

Any cancer
Death from cancer

Insulin Glargine Standard Care
Better Better

The ORIGIN Trial Investigators. N Engl J Med 2012;367:319-328
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Incidence of a First Episode of Severe Hypoglycemia

Table 3. Incidence of a First Episode of Severe Hypoglycemia.

Insulin Glargine Standard Care
Variable (N =6264) (N=6273) P Value

Severe hypoglycemia*

Participants with =1 episode — no. (no./100 person-yr) 359 (1.00) 113 (0.31) <0.001
Total episodes during follow-up — no. 457 134

Confirmed nonsevere symptomatic hypoglycemiay

Participants with =1 episode — no. (no./100 person-yr) 2614 (9.83) 904 (2.68) <0.001

Episodes/yr in participants with =1 episode — median (interquartile 0.5 (0.2—-1.4) 0.3 (0.2-0.3) <0.001
range)

Participants with no confirmed episodes during follow-up — no. (%) 3650 (58.3) 5369 (85.6) <0.001
Any nonsevere symptomatic hypoglycemia
Participants with =1 episode — no. (no./100 person-yr) 35751(16-72) 1580 (5.16) <0.001

Episodes/yr in participants with =1 episode — median (interquartile 1.1 (0.4-3.1) 0.5 (0.2-1.3) <0.001
range)

Participants with no episodes during follow-up — no. (%%) 2689 (42.9) 4693 (74.8) <0.001

* This category included any episode of hypoglycemia for which the patient required assistance and that was confirmed by a
self-measured or laboratory plasma glucose level of 2 mmol per liter (36 mg per deciliter) or less or from which the pa-
tient recovered promptly after oral carbohydrate, intravenous glucose, or glucagon administration.

T This category included any symptomatic nonsevere hypoglycemic episode that was confirmed by a self-measured glucose
level of 3 mmol per liter (54 mg per deciliter) or less.

The ORIGIN Trial Investigators. N Engl J Med 2012;367:319-328

Th NEW ENGLAND
JOURNAL of MEDICINE




Conclusions

* When used to target normal fasting
plasma glucose levels for more than 6
years, insulin glargine had a neutral
effect on cardiovascular outcomes and
cancers.

 Although it reduced new-onset diabetes,
iInsulin glargine also increased
hypoglycemia and modestly increased
weight.

30_’:%’ The NEW ENGLAND
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DEVOTE: Trial Design

Insulin degludec once daily (blinded vial) + Follow-up

2637 Standard of care

patients . . !
: IGlar U100 once daily (blinded vial) +
randomized Standard of care

Randomization Interim analysis
(150 MACE accrued) treatment
(633 MACE
accrued)

Time from randomization to first occurrence of a 3-point

Primary endpoint MACE: cardiovascular death*t, non-fatal myocardial
infarction* or non-fatal stroke*

* Rate of severe hypoglycemic episodes*!
* Incidence of severe hypoglycemic episodes*!

Secondary endpoints

Marso S. et al. NEJM, June14, 2017




DEVOTE: Time to First 3-point MACE

356 patients
IGlar U100 Rate:
=== |nsulin degludec 4.71/100 PYO

325 patients

HR: 0.91
[0.78; 1.06)ssx; o

. Non-inferiority confirmed
Rate: p<0.001
4.29/100 PYO

L] Ll T L] T T L] T L] 1

3 6 9 15 18 21 p 27 30

Time to first EAC-confirmed event (months)

Insulin degiudec (N) 3818 3765 3r21 3609 361 3563 3504 2851 1767 an 217
IGlar U100 (N) 3819 3758 3703 3655 3585 3530 M2 2832 1742 an 205

-t
c
®
>
°
c
<

=

=
s
»

'
c

2
©

[+

Full analysis set; Cox regression analysis accounting for treatment. Analysis includes events between
randomization date and follow-up date. Patients without an event are censored at the time of last contact (phone

or visit)
EAC, Event Adjudication Committee; N, number of patients at risk; PYO, patient-years of observation

Marso S. et al. NEJM, June14, 2017




Treatment with insulin is associated with worse
outcome in patients with chronic heart failure
and diabetes

A Hazard Ratio Hazard Ratio

Study log[Hazard Ratio] SE Weight [95% CI] [95% ClIl

val-HeF T 0.1655 01219 158% 1.18(0.93,1.50) —
CORONA 0.2469 0101 23.0% 1.28[1.05,1.56) —
GISSI-HF 0.4318 0.0892 29.4% 1.54[1.29,1.83) ——
ATMOSPHERE 0.2231 0.0858 31.8% 1.25[1.05,1.47) ——

Total (95% Cl) 100.0% 1.32[1.20, 1.46] <>
Heterogeneity: Chi*= 4.33, df= 3 (P =0.23); F=31% . t i

0.5 0.7 1 15 2

leshioroverall efisck &= 0.80, (P =0.00001) Without Insulin - With Insulin

B Hazard Ratio Hazard Ratio
Study log[Hazard Ratio] SE Weight [95% Cl] [95% CI]
Val-HeFT 0.207 0117 14.0% 1.23[0.98,1.55) 1
CORONA 0239 0096 20.7% 1.27[1.05,1.53] — &
GISSI-HF 0.2546 0.0808 29.3% 1.29[1.10,1.51] —
ATMOSPHERE 0.2311 0.0728 36.0% 1.26(1.09,1.49) —&—
Total (95% Cl) 100.0% 1.27 [1.16, 1.38] L2
Heterogeneity: Chi=0.12, df= 3 (P = 0.99); F= 0% ) t t {
Test for overall effect: Z=5.41 (P < 0.00001) 0.5 0.7 1 1.5 2

Without Insulin - With Insulin

European Journal of Heart Failure, Volume: 20, Issue: 5, Pages: 888-895, First published: 28 February 2018, DOI: (10.1002/ejhf.1146)



Heart failure with insulin degludec versus glargine U100 in
patients with type 2 diabetes at high risk of cardiovascular
disease: DEVOTE 14

Richard E. Pratley, Mansoor Husain, lldiko Lingvay, Thomas R. Pieber, Thomas Mark,
Hans A. Saevereid, Daniel Vega Mgller, Bernard Zinman, on behalf of the DEVOTE
Study Group

Trial number: NCT01959529



Predictors of time to first hHF (SMQ definition)

Hazard ratio

Baseline predictor [95% CI] Relative importance P-value
Prior heart failure (Y vs N) 4.89 [3.90; 6.14] 54.6 <0.0001
Hepatic impairment (Y vs N) 3.08 [2.15; 4.41] 11.0 <0.0001
eGFR (log regression) 0.44 [0.34; 0.58] 10.0 <0.0001
Atrial fibrillation (Y vs N) 1.95 [1.50; 2.55] 7.2 <0.0001
Total insulin dose (U/kg) at week 1 1.53 [1.27; 1.84] 5.9 <0.0001
Prior myocardial infarction (Y vs N) 1.54 [1.23; 1.91] 4.3 0.0001
Macular edema (Y vs N) 3.77 [1.40; 10.2] 2.0 0.0087
A1C (squared regression) 1.00 [1.00; 1.01] 1.8 0.0137
Proteinuria (microalbuminuria and gross proteinuria) 1.36 [1.06; 1.73] 1.8 0.0140
Systolic blood pressure at baseline 1.01 [1.00; 1.01] 1.5 0.0251

Adapted from Table 2. Variables identified by stepwise selection — FAS. Relative importance is calculated as 100 x Chi-square/Total Chi-square, where the Chi squares are from a model
simultaneously considering all effects mentioned in the table. ClI, confidence interval; eGFR, estimated glomerular filtration rate; FAS, full analysis set; hHF, hospitalization for heart failure; N,
no; SMQ, standardized Medical Dictionary for Regulatory Activities Query; U, units; Y, yes
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‘If you have always done it that way, it is
probably wrong

Charles Kettering, 1876-1958
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Studies Link Popular Diabetes
Drug to Risk of Heart Attack

Table I Timeline: the rise and fall of rosiglitazone

findings.
21 May 2007 The meta-analysis of CV outcomes is published online.™
6 June 2007 The company publishes an unblinded interim analysis of the RECORD Trial
30 July 2007 The FDA reveals its own meta-analysis of CV events with rosiglitazone, showing a statistically significant increase in risk (RR = 1.4)."
October 2007 The FDA adds a ‘black box waming' to the rosiglitazone label for ischaemic events.

December 2008  The FDA issues a guidance requiring CV outcomes trials for diabetes drugs.’




ELIXA

Lixisenatide in ACS, a long-
term CV endpoint trial of
lixisenatide
vs placebo

N J

Saxagliptin and CV
outcomes in patients
with T2D

N\

DPP-4i

Alogliptin after acute
coronary syndrome in
patients with T2D

AN

DPP-4i

TEC®S

TRIAL EVALUATING CARDIOVASCULAR
OUTCOMES WITH SITAGLIPTIN

Effect of sitagliptin on CV
outcomes in T2D

~

DPP-4i

1. CARMELINA

Linagliptin CV and renal
outcomes in T2D with
vascular risk

N\

GLP-1RA

Liraglutide Effect and Action in Diabetes:
Evaluation of cardiovascular outcome Results

Liraglutide and CV
outcomes in T2D

N\

LEADER’
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X

~N

SUSTAIN

SEMAGLUTIDE UNABATED SUSTAINABILITY
IN TREATMENT OF TYPE 2 DIABETES

SUSTAIN 6: CV and other
long-term outcomes with
semaglutide in patients
with T2D

N\

N\

GLP-1RA

FREEDOM

FREEDOM-CVO: CV
outcomes study examining
the safety of ITCA 650 vs
placebo

J
X

~N

GLP-1RA

EXSCEL¢, )

Exenatide Study of Cardiovascular Event Lowering

CV outcomes after treatment
with exenatide OW in patients
with T2D

PAN

DPP-4i

S
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CAROLINA

CV outcomes study of
linagliptin vs glimepiride in
patients with T2D

~

GLP-1RA

Harmony

Outcomes

Effect of albiglutide on
major CV events in patients
with T2D

N\

~

GLP-1RA

Peptide InnvOnvataoM for [arly dabltes tRestment

PIONEER 6: CV safety of oral
semaglutide with SOC in
patients

with T2D

N J

REWIND

Effect of dulaglutide on
major CV events in patients
with T2D
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Empagliflozin, CV outcomes
and mortality in T2D

N J

SGLT-2i

N\

CANVAS Program

Canagliflozin and CV and
renal events in T2D

J
~

J

J
@,
DECLARE
TIM-58

Effect of dapagliflozin on CV
events in patients with T2D

N J

J
~

Insulin

DEVOT

DEGLUDEC CARDIOVASCULAR
OUTCOMES TRIAL

CV safety of IDeg vs IGlar in
patients with T2D at high risk

of
N J

CV events

ACS, acute coronary syndrome; CV, cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist;
IDeg, insulin degludec; IGlar, insulin glargine; SGLT-2i, sodium-glucose cotransporter-2 inhibitor; SOC, standard of care; T2D, type 2 diabetes



SAVOR-TIMI-53: Time to first CV death, non-fatal Ml or non-fatal
Ischaemic stroke

A
X 14 7 HRrR:1.00 Frequency of primary outcome
~ 12 — 95% CI: 0.89; 1.12 Saxagliptin: 7.3% (613/8280)
= p<0.001 for non-inferiority Placebo: 7.2% (609/8212)
' 10 — p=0.99 for superiority
Q
E 8
o
I
5,
(7))
-l‘-:' —— Saxagliptin
9 2 —— Placebo
whd
o 0 — | | |
0 180 360 540 720 900
Days
Patients at risk
Placebo 8212 7983 7761 7267 4855 851
Saxagliptin 8280 8071 7836 7313 4920 847

Cl, confidence interval; CV, cardiovascular; MACE, major adverse cardiovascular event; Ml, myocardial infarction
Scirica BM et al. N Engl J Med 2013;369:1317-1326



) Cardiovascular Risk Factors

D E CL A R E
hpagtion Gt en &

HbAlc Weight

LSM Difference 0.42% (95% C10.40-0.45) LSM Difference 1.8 kg (95% CI 1.7-2.0)

| = Dapagliflozin = Placebo

Ag 4l B
848383
83 8.2 8.2 "
8.2 '
90
8.1 .
£ g
B %89
§7.9- g
7.8 88
7.7
7.6 87
75
BL 6 mos 12 mos 24 mos 36 mos 48 mos BL 6 mos 12 mos 24 mos 36 mos 48 mos
All P-values (except BL) <0.001 All P-values (except BL) <0.001

BRIGHAM HEALTH
BRIGHAM AND HARVARD MEDICAL SCHOOL
@ WOMEN'S HOSPITAL TEACHING HOSPITAL



Choosing glucose-lowering medication in people with CVD

+ASCVD/Indicators of High Risk

GLP-1 RA* with proven SGLT2i® with proven
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

ASCVD = atherosclerotic cardiovascular disease

Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, Rosas SE, Del Prato S, Mathieu C, Mingrone G, Rossing P, Tankova T, Tsapas A, Buse JB

Diabetes Care 2022; https://doi.org/10.2337/dci22-0034. Diabetologia 2022; https://doi.org/10.1007/s00125-022-05787-2.



Consensus recommendations

* In people without established CVD but with multiple cardiovascular risk
factors (such as age 255, obesity, hypertension, smoking, dyslipidaemia, or
albuminuria), a GLP-1RA with proven benefit could be used to reduce
MACE or an SGLT2i with proven benefit could be used to reduce MACE

and heart failure and improve kidney outcomes.

Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NIV, Rosas SE, Del Prato S, Mathieu C, Mingrone G, Rossing P, Tankova T, Tsapas A, Buse JB

Diabetes Care 2022; https://doi.org/10.2337/dci22-0034. Diabetologia 2022; https://doi.org/10.1007/s00125-022-05787-2.



Consensus recommendations

* In people with HF, CKD, established CVD, or multiple risk factors for CVD,
the decision to use a GLP-1RA or an SGLT2i with proven benefit should be
independent of background use of metformin.

* In people with HF, CKD, established CVD, or multiple risk factors for CVD,
the decision to use a GLP-1RA or an SGLT2i with proven benefit should be

independent of baseline HbA,..

Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NIV, Rosas SE, Del Prato S, Mathieu C, Mingrone G, Rossing P, Tankova T, Tsapas A, Buse JB

Diabetes Care 2022; https://doi.org/10.2337/dci22-0034. Diabetologia 2022; https://doi.org/10.1007/s00125-022-05787-2.
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could not travel both...

Robert Frost
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HR 0.86 Placebo
15+ (95.02% 0.74, 0.99)
§ pP=0.0191* Empagliflozin
SGLT2i =7 EMPA-REG
5 HR 0.86
g, (95.02% CI 0.74, 0.99);
p=0.04
15 - HR 0,74
[95% AE: 0,58, 0,95]
10 - p=0.02
GLP-1 RAs * ———— —  SUSTAIN®6
° 0 8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0 8.8 9.6 1(.)4
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Empagliflozin: EMPA-REG results

HbA,. reductions and macrovascular outcomes

o m—— Placebo p-value
= Empagliflozin 10 mg Primary p=0.04 for
= Empagliflozin 25 : ¢ iorit
= : pagliflozin 25 mg : endpoint superiority
o I At —.—
SE L — CV death <0.001
- : —_—— :
% : Non-fatal MIt —o1 0.22
:  —0.6% vs. PBO ~0.4% vs. PBO stroke To— 07°
6 H H T T ]
0 12 40 66 94 122 150 178 206 0,25 0,5 1 -
Week «— Favours empagliflozin Favours placebo —
20 7 == Placebo .
S 1 == Pooled Empagliflozin Heart failure
— 5 = .
% X As compared with placebo,
2% 40 empagliflozin resulted in a
83 HR: 0.86 [0.74; 0.99]os0; c1, significantly lower risk of
o 5 - p<0.001 for non-inferiority, hospitalisation for heart failure
p=0.04 for superiority*
0 - T T T T T T T 1 HR: 0-65
0 6 12 18 24 30 36 42 48 [0.50; 0.85]s0, ¢\, p=0.002

Months since randomisation
The primary composite outcome was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, as analyzed in the pooled empaglif lozin group vs. the placebo
group. *Two-sided tests for superiority were conducted (statistical significance was indicated if p<0.0498); "Excluding silent MI. CI, confidence interval; CV, cardiovascular; CVD,
cardiovascular disease; HbAi., glycated haemoglobin; ERR, estimated rate ratio; HR, hazard ratio; MI, myocardial infarction; PBO, placebo; PE, primary endpoint; SGLT-2i, sodium glucose
co-transporter 2 inhibitor. 1. Zinman et al. N Engl/ J Med 2015;373:2117-28.



Semaglutide: SUSTAIN-6 results
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HbA,. reductions and macrovascular outcomes

Placebo 0.5 mg

= Placebo 1.0 mg Bri p;)vg;)l:e
= Semaglutide 0.5 mg rimary ~ <0.
= Semaglutide 1.0 mg endpoint
. CV Death Py 0.92
e on-fatal MI 0.12
IR : @
Non-fatal 0.04
i —1.7% vs. PBO (approx.) —0.7% vs. PBO: Stroke @
: —1.9% vs. PBO (approx.) —1.0% vs. PBO':
0O 8 16 30 44 56 68 80 92 104 0,25 0,5 2
«— Favours semaglutide Favours placebo —
HR: 0.74 [058, 0.95]95% cls
p<0.001 for non-inferiority,
p=0.02 for superiority (not pre-specified)
.f- T T T T T T T T T T
0 8 16 24 32 40 48 56 64 72 80 88 104

Weeks from randomisation

Semaglutide is under development and not approved. The primary composite outcome was the first occurrence of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke.

Primary endpoint analysed using Cox proportional hazard regression with pooled treatment (semaglutide vs. placebo) as a fixed factor. Change at week 104 is shown for metabolic and CV
risk factors. CV, cardiovascular; HbAlc, glycated haemoglobin; HR, hazard ratio; PBO, placebo; MI, myocardial infarction; Sema, semaglutide.
Marso et al. New Engl J Med 2016;375:1834-44.
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Reduced risk of CV death was not associated with
BP, LDL-cholesterol or HbA,. control over time

Patients with event/analysed (%)

CV death Empagliflozin  Placebo HR (95% CI) p value

Main analysis 172/4687 (3.7) 137/2333 (5.9)0.62 (0.49,0.77) —@- <0.0001

Adjusted for time-dependent 172/4687 (3.7) 137/2333 (5.9)0.61 (0.49, 0.76) -@~—

control of BP* |

Adjusted for time-dependent 167/4615 (3.6) 136/2308 (5.9)0.59 (0.47, 0.75) —@—

control of LDL-C 1 |

Adjusted for time-dependent 172/4685 (3.7) 137/2333 (5.9)0.62 (0.49, 0.78) —@—

control of HbA, # |

Adjusted for time-dependent 167/4614 (3.6) 136/2308 (5.9)0.61 (0.48, 0.76) —@-

control of BP, LDL-C and HbA,, | i |
0.25 1 4
Favours _ , Favours

*(SBP <140 mmHg and DBP <90mmHg). t(LDL-cholesterol <100mg/dl). {(HbA.<7.5%). empagl iflozin placebo

Post-hoc analysis. Cox regression analysis in patients treated with 21 dose of study drug.
Main analysis did not adjust for baseline or time-dependent control of BP, LDL-cholesterol or HbA1c.
Fitchett D, et al. Poster presented at Diabetes UK Professional Conference, 14-16 March 2018, London, UK.



SGLT2i CVOT study results challenge the classical model

of cardiovascular risk

Classic CV risk model?

. Insulin
[ Hyperglycaemia [ st
[ Inflammation [ Dyslipidaemia \

Infection | [ Thrombosis

« %\ /oy
ubclinicall
atherosclerosis

Disease progression

Atherosclerotic events

Acute and coronary syndromes,
stroke, peripheral artery disease
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EMPA-REG OUTCOME study:
major adverse cardiac event (MACE)?2

Empagliflozin 25 mg

HR 0.86 (95% CI: 0.73, 1.02)
p=0.09

Empagliflozin 10 mg

HR 0.85 (95% CI: 0.72, 1.01)
p=0.07

Placebo

Pooled figures for Empagliflozin
doses show a RRR of 14% and
a ARR of 1.6% p=0.038

(p value for superiority)

No. of patients:

Empaglifiozin 10 mg 2345 2292
Empagliflozin 25 mg 2342 2288
Placebo 2333 2256

1. Biondi-Zoccai GGL, et al. J Am Coll Cardiol 2003;41:1071-7; 2. Zinman B, et al. N Engl J Med 2015;373:2117-28.

12 18 24 30 36 42 48
Months

2233 2167 1918 1415 177 753 178

2222 2161 1933 1406 1182 781 192

2194 2112 1875 1380 1161 741 166



21NV EMPA-REG OUTCOME, 10 0£AN TNC Bepartreiac pe TNV eptrayAipAodivn
TTPOEKUWPAV EVTOC Aiywv €BOOUAdWY PETA TNV Evapen

Ta opEAN napatnpROnkav mMoAU vwpic e T HEiWon KwwdUvVou va ¢ptavel
TN OTATLOTLKI) ONUOVTLKOTNTO TNV :

17 27 59

HR=0.10; 95% C1 0.01, 0.87 HR=0.28; 95% CI 0.08, 0.97 HR=0.28; 95% Cl 0.08, 0.96
(P=0.0372) (P=0.0445) (P=0.0424)
KA Oavartog i KA
NKA

NKA Oavartoc

Cl, confidence interval; CV, cardiovascular; HHF, hospitalisation for heart failure; HR, hazard ratio.
Verma S, et al. ESC Heart Fail 2021; 8:2603-2607.



H oepayAouTidon €xelr avTi-aBnpookKANPUVTIK dpdon

EAATTQZH TOY EMBAAQY THZ NAAKAZ 2E MNEIPAMATIKA MONTEAA THX AOGHPOXKAHPYNZHX

ApoE--mice LDLr’- mice’
25 - 25 -
e
§ZO - ‘. * % * % % * 520 - ® ° E E e
g o v g ° v
215 4 °® S A Vv 215 1 & A \
: = 5 Lo Mo,
510 - ° O 510 - e® +
g 0% Ny == vy 2 o® oo SR A
g' 5 o ¢ A \A A4 § 5 L * A A Yy¥
5 Q2P AtuA E S - o0 o Ag
o©° Aaa Yy
0 - 0 === ok hud v
O \Vehicle, chow ¢ Semaglutide 4 pg/kg, WD
@ \Vehicle, WD A Semaglutide 12 pg/kg, WD

wSemaglutide 60 ug/kg, WD

*p<0.05 vs vehicle WD; **p<0.01 vs vehicle WD; ***p<0.001 vs vehicle WD.
ApoE, apolipoprotein E; ApoE--, ApoE knockout; LDLr, low-density lipoprotein receptor; LDLr--, LDLr knockout; WD, western diet.
Rakipovski G et al. JACC Basic Transl Sci 2018;3:844-57.



GLP-1

T Vasodilation

! Plaque Stability

| Inflammation

| Smooth muscle

Inflammation : :
! Glucose uptake T LV Function b proliferation
| Ischemic injury ! Heart rate t E"dOt.he"al b Platelet .
Function Aggregation

Drucker D. Cell Metabol. 2016



Harmony Outcomes: NpwTteuov TEAIKO aonuEio

H aApTtriyAouTidn €rédeie avwtepoTnTa wg mpog 1o 3P-MACE

1 —
° — Placebo — Albiglutide
HR 0.78
(95% CI 0.68, 0.90)
p<0.0001 for non-inferiority
p=0.0006 for superiority

—_— —_—
N B
] ]

RN
o
]

Cumulative incidence (%)
(00)
|

28

6 —

4 —

2 —

0- T T 1

0 4 8 12 16 20 24

No. at risk Months
Placebo 4732 4603 4460 4208 3074 2077 1030
Albiglutide 4731 4613 4503 4239 3148 2142 1064

Intention-to-treat population. 3P-MACE, 3-point major adverse cardiovascular events; MI, myocardial infarction
Hernandez AF et al. Lancet 2018;392:1519

111



CV Outcome Trials of New 12D ADD (HR[95% CI])

T i CANVAS - Harmony
fo o= Program DECLARETIMI \EADER  sUSTAIN* EXSCEL  outcomes  REWIND PIONEER 6%

0.86 0.86 0,93 0.87 0.91 0.78
O spmace N - D . |
@ Non Fatal Ml
D N R
Stroke - [0.38-0.99]

Mortality
for Heart Failure [0
D oo (PSRRI SR SRR

Direct comparison of trials should be interpreted with caution due to differences in study design, populations and methodology _

# SUSTAIN 6: Non-Inferiority Trial. Testing for superiority was not pre-specified.
## PIONEER 6: Non-Inferiority Trial.

* Fatal or non-fatal myocardial infarction

** Fatal or non-fatal stroke

+ Composite of Death from Cardiovascular causes or hospital admission for heart failure _




REWIND

HR (95% Cl)

KUpio o0vBeTo TEAIKO onpeio

MACE-3 O 0,88 (0,79-0,99)
Mn Bavarn@opo ayyeioko P 0.76 (0,61-0,95)

EYKEQPOAIKO €EIT0D10 ’ ’ ’
OavaTog KapOIaYYEIOKNAG P 0.91 (0,78-1,06)

aiTiohoyiag ’ ’ ’
Mn 8avatng@opo EM @, 0,96 (0,79-1,16)

0,6 0,8 1,0 1,2

Ymép NtouhayAoution  ERGEARALEOL (e I TGLT)

BiBhioypagikiy Avagopa: 1. Gerstein HC et al. Lancet. 2019 Jun 7. pii: S0140-6736(19)31149-3. doi: 10.1016/S0140-6736(19)31149-3. [Epub ahead of print].



> J Clin Endocrinol Metab. 2022 Mar 5;dgac116. doi: 10.1210/clinem/dgac116. Online ahead of print.

Antiatherosclerotic effects of sodium-glucose
cotransporter 2 inhibitors: An underrecognized piece
of the big puzzle?

Theocharis Koufakis 1, Prashanth Vas 2 2 4, Giuseppe Maltese ® ©, Kalliopi Kotsa '
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JOURNAL ARTICLE ACCEPTED MANUSCRIPT

Empagliflozin in acute Myocardial Infarction:
the EMMY trial &

Dirk von Lewinski ™, Ewald Kolesnik, Norbert J Tripolt, Peter N Pferschy,
Martin Benedikt, Markus Wallner, Hannes Alber, Rudolf Berger,
Michael Lichtenauer, Christoph H Saely ... Show more

European Heart Journal, ehac494, https://doi.org/10.1093/eurheartj/ehac494
Published: 29 August 2022  Article history v

Empagliflozin following severe myocardial infarction

Multicentre, double-blind RCT m
e

@

Creatine kinase > 800 U/ @ &
Troponin T/l-level > 10x ULN
Primary outcome Secondary outcomes
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+ NT-proBNP



EXPERT OPINION ON PHARMACOTHERAPY Taylor & Francis
https://doi.org/10.1080/14656566.2022.2113385 Taylor & Francis Group

SPECIAL REPORT ‘ M) Check for updates ‘

Dual sodium-glucose cotransporter (SGLT) 1/2 versus pure SGLT2 inhibitors: two
distinct drug categories or one class with multiple faces?

Theocharis Koufakis 2, Michael DoumasP, Pantelis Zebekakis 32 and Kalliopi Kotsa ¢?

Division of Endocrinology and Metabolism and Diabetes Center, First Department of Internal Medicine, Medical School, Aristotle University of
Thessaloniki, AHEPA University Hospital, Thessaloniki, Greece; "Second Propedeutic Department of Internal Medicine, Hippokration General
Hospital, Aristotle University of Thessaloniki, Thessaloniki, Greece

ABSTRACT ARTICLE HISTORY
Introduction: According to their selectivity for sodium-glucose cotransporters (SGLT) 1 and 2, gliflozins Received 25 May 2022
could be subdivided into two additional categories: pure SGLT2 inhibitors, which are highly selective for Accepted 11 August 2022

SGLT2, and dual SGLT1/2 inhibitors which, in addition to SGLT2, exhibit strong inhibitory activity for KEYWORDS

SGLT1. _ . _ . . _ SGLT2 inhibitors;
Areas covered: This article aims to discuss whether the pharmacological differences between the two cardiometabolic outcomes;
subtypes of gliflozins could be translated into different efficacy and safety characteristics that might be hypoglycemia; sotagliflozin

important for clinical practice.

Expert Opinion: In large cardiovascular outcome trials, dual inhibitors have shown a unique efficacy
profile in terms of reducing glycemia in patients with severe renal impairment and decreasing the risk
of atherosclerotic outcomes. These features do not characterize selective SGLT2 inhibitors and could be
attributed to the parallel inhibition of SGLT1. The increased risk of diarrhea and severe hypoglycemia
observed only with dual inhibitors is probably related to their action in the gut and brain, respectively.
However, differences in populations included in various studies should be considered when attempting
to translate their findings into clinical practice; therefore, head-to-head trials are needed to shed more
light on this issue and provide clear guidance to clinicians.



Total CV Death, Non-Fatal MI, or SCOREDQ
Non-Fatal Stroke

16 - Endpoint HR (95% ClI)  P-value
Total fatal or nonfatal MI* 0.68 (0.52-0.89) 0.004
Total fatal or nonfatal stroke* 0.66 (0.48-0.91) 0.012

—
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HR 0.77 (95% CI 0.65-0.91), P=0.002
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Bhatt DL, Szarek M, Pitt B, et al., and Steg PG. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual.
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> Drugs. 2021 Aug;81(12):1365-1371. doi: 10.1007/s40265-021-01559-1. Epub 2021 Jul 7.

Insights Into the Results of Sotagliflozin
Cardiovascular Outcome Trials: Is Dual Inhibition the
Cherry on the Cake of Cardiorenal Protection?

Theocharis Koufakis 7, Omar G Mustafa 2, Vasilios Tsimihodimos 2, Ramzi A Ajjan 4,

Kalliopi Kotsa °
Key Points

SOLOIST-WHF and SCORED explored the effects of
sotagliflozin on cardiorenal outcomes.

The results reconfirm the class effects of SGLT2i1 but
also differentiate sotagliflozin from other agents.
Dual SGLT inhibition might contribute to the unique
safety and efficacy profile of the drug.

Koufakis et al. Drugs 2021



> Am J Cardiovasc Drugs. 2022 Mar 15. doi: 10.1007/s40256-022-00527-8. Online ahead of print.

A Horse, a Jockey, and a Therapeutic Dilemma:

Choosing the Best Option for a Patient with Diabetes
and Coronary Artery Disease

Theocharis Koufakis 1, Evangelos N Liberopoulos 2, Kalliopi Kotsa 2

MACE reduction

GLP-1 RA SGLT2i

Anti-atherogenic Overlap Hemodynamic effects -
effects properties changes in energy metabolism
I Co-administration l
Atherosclerotic disease @bidity HF and / ‘D

Koufakis et al. Am J Cardiovasc Drugs 2022



Editorial > Expert Rev Clin Pharmacol. 2021 Oct;14(10):1189-1192.
doi: 10.1080/17512433.2021.1942843. Epub 2021 Jun 19.

Treatment options following metformin in primary
prevention populations with type 2 diabetes: which is
the right road to take?

Theocharis Koufakis 1, Nikolaos Papanas 2, Pantelis Zebekakis 1, Kalliopi Kotsa

“Considering that life with diabetes is more of a marathon than a
sprint, many people with T2D will eventually need both classes
to control their blood glucose levels and address cardiorenal

complications’

Koufakis et al. Expert Rev Clin Pharmacol 2021



Circulation

EDITORIAL

Why Choose Between SGLT2 Inhibitors and
GLP1-RA When You Can Use Both?

The Time to Act Is Now

Article, see p 770 Alice Y.Y. Cheng®, MD



SGLT2i n GLP-1 RA ?
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Tirzepatide

Kevtpiké Neupiké ZooTnua
* 1 Kopegopudg

* | NpéoAnyn Tpoepng

* 1 Navurtia

* | ZwpaTiké Bapog

MNaykpeag
* 1 IlvoouAivn
* | FAukayévn

ZTOpaxog
+ | FaoTpikA Kévwon
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« | YmrepyAukaipia

‘Hrrap

* 1 EvaioBnoia otnv IvoouAivn

* | Hmarikn Napaywyn MNukédng

* | 'ExkToTrn Zuocowpeuon Aimridiwv

@® Aywviopog Ymodoxéwv GLP-1
@ Aywviouog Ymodoxiwv GIP
@® Eupeon Apdon

Mpooappoyn amd: Samms RJ, et al. 7rends Endocrinol Metab. 2020;31(6):410-421

Aywviouoég Ymodoxéwv GIP
Kevtpiké Neupiké ZUoTnpa

Kevtpiké Neupiké Z0oTnua
* | NpéoAnyn Tpoeng

* | Naurtia

* | ZwpaTiké Bapog

Maykpeag
* 1 IlvoouAivn
* 1 FAukayévn

ZKeAETIKOI
Moeg

Y1mod6piog Aeukog Aimmwdng loTog
* 1 EvaioBnoia otnv lvoouAivn
* 1 Ikavérnta PuBpiong Aimmidiwv
* 1 Apariki Pon
* 1 XwpnTrikéTnTA
* | MpopAeypovwdng Ainbnon
AvoooKUTTApWYV
ZUOTNMOATIKEG ETTIOPACEIG
Y1od6piog « | YmwepyAukaiyia, TpiyAukepidia amé

Aeukog Alarpo@ikécg Mnyé
NiTwdng loTog POPIKES TINYES

ZkeAeTikoi MUgg

* 1 EvaioBnoia otnv IvoouAivn

* 1 MetafoAiki EuveAi§ia

* | 'ExkTomrn Zuoowpeuon AimTidiwv

GIP = e&aptopevo amd n yAukdln ivaouhivotpdto moAutremTidlo, GLP-1R = umrodoyéag yAukayovopopgou memmidiou 1, MOA = pnxaviouds dpdong



2YZTOAIKH
APTHPIAKH MNIEZH

MEIQZH

7,0-8,2 mm Hg

AIAZTOAIKH
APTHPIAKH MNIEZH

MEIQzZH

4,6—5,5 mm Hg HEIWOEIG

(— TPIFAYKEPIAIA
MEIQzH
24,3‘y0—31 ,40/0 HEIWOEIG

TZIM 5 mg: n=630
TZIM 10 mg: n=636
TZIM 15 mg: n=630
Placebo: n=643

o o 4

2o, HDL s honHDL 7> EMIZTPOOH ETH JZ| AAMArH ITH

*0  XOAHZITEPOAH *0 XOAHITEPOAH 20 NOPMOIAYKAIMIAZ,* v=—| BAGMOAOrIA OYZIKHEZ
MEIQZH NEITOYPrIAZ SF-36V2¢
AYZH:H ,
-9,5%" évavTi -13,4% mg/dI 95,3% £vavTi 61,9% 3.9-4.2 CFB
BeAtiwoeig 7,0%—-8,6% ME EIKOVIKO PAPHOKO ME EIKOVIKO PAPHOKO

Y Y Y Y

Mapatnprienke otnv KAivikA dokipr edong 3 SURMOUNT-1 tou Mounjaro (5 mg, 10 mg ka1 15 mg) évavT €lkovikoU @apudkou. AuTd gival elpn aTtd Toug HECOUG 6poug avd opdda docoAoyiag.1,!
*MeAet|Onke o€ eVANIKEG e TTaxuoapkia (AMZ 230 kg/m2) ) pe utrépBapo (AMX 227 kg/m2) pe TouAdyxioTov 1 eTTITTAOKN OXETICOMEVN PE TNV TTaxuoapkia], ¢aipoupévou Tou diaRrtn TUTTou 2.1,2 OAoI 0I GUPMETEXOVTEG EAaav
TrapépBacn aTov TPOTTO (WG, CUUTTEPIAAUBAVOUEVNG HIAS BIAITaG JEIWHEVWY BEPUIdWY Kal augnuEVNG CWHOTIKAG dpacTnpIdTnTag. 1 TZuykevipwrika dedopéva Mounjaro yia opddeg 5 mg, 10 mg kai 15 mg. FocooTd avaoTpo®rig

aTépwy TTou gixav TpodiaBhTn kard Ty évapén. O TTpodiafRTng opileTal wg YAUKSOZN vnoTeiag Trou AapBaveral uovn Tng r 1o Xpovo = 0 AeTrTd katd 1 didpkeia OGTT 2 wpwv 100-125 mg / dL (5,6-6,9 mmol / L), yAukoZn 2 wpwv TTou

AapBdveral oto xpovo = 120 Aetrtd katd T didpkeia OGTT 140-199 mg / dL (7,8-11,0 mmol / L) kot HbA1c 5,7% - 6,4% (39-47 mmol / mol). ATrarrouvTal TOUAAXIOTOV 2 N PUOIOAOYIKEG EEETATEIG yia TN Bidyvwan Tou TrpodiaBniTm. O1

OTOTIOTIKEG OKIMEG €yIvav yia KABe opdda docoloyiag, Ol yia Ta eUpn OTTo Ta PEoA TG OUadag. H ekTiunon ammoTEAEOUATIKOTNTAG YIa MEPOVWHEVEG BOTEIG eV TTPOCAPHOOTNKE Yia TTOAATTASTNTA. 1 §H peTaoAr ammd TNV apxIKr Tiun yia
10 SF-36 agloAoyrBnke xpNOIMOTTOIWVTAG avaAuaT Tou JOvTEAOU GuvdiakUpavong Pe 6poug yia Tn BabuoAoyia @uaoikng Aemoupyiag SF-36 katd v évapén, Tn Bepatreio kal TOug TTapdyovTeg aTpwHaToTroinong. |01 yéool 6pol aTrd KABe

docoAoyikr) opdda gival n péon PETaBOA eEAaXIoTWYV TETPAYWVWY OTTé TNV apxIKr TIUr. I O1 "eTTTTAOKEG TTOU OXETICOVTAI PE TNV TTAXUCOPKI" XPNOIMOTTOIOUVTAI WG GUVWIVUKEG WE TIG "ETTITTAOKEG TTOU OXETICOvVTal JE TO BAPOG 1) / Kal TIG

ouvwvoonpPoTNTEG". 2

AMZ=8¢ikTng padag owpatog; CFB=peTaBoAn amd tnv apyikr TipR:- HbA1c=yAukoluhiwuévn aipooaipivn: HDL=AmotrpwTeivn uwnAig ukvotnTag. OGTT=dokipacia avoxng YAUKAZNG atéd Tou oTOPATOG.
1. Jastreboff AM, et al. N Engl J Med. 2022; 387(3): 205-216 (ka1 cUpTTANpwpaTIKO TTapdptnua). 2. Mounjaro® (tirzepatide) MepiAnyn Twv XapoKTNPIGTIKWY Tou TTP0idvTog. PeBpoudplog 2024.




> Eur J Intern Med. 2024 Mar:121:155-156. doi: 10.1016/j.ejim.2023.12.022. Epub 2023 Dec 26.

Effect of tirzepatide on blood pressure levels in
overweight/obese individuals without diabetes

Dimitrios Patoulias 1, Djordje S Popovic 2, Theocharis Koufakis 2, Konstantinos Stavropoulos 3,
Michael Doumas 3
(A)
Tirzepatide Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
SURMOUNT-1 -7.2 122 1896 -1129 643 392% -6.20[-7.34,-5.06] L
ZAI I SURMOUNT-3 A1 119 287 41 119 292 204% -9.20[11.14,-7.26] —
SURMOUNT-4 93 112 335 <24 121 335 34%  -6.90[8.67,-5.13] —
Total (95% Cl) 2518 1270 100.0% -7.30[-9.01, -5.60] L 2
Heterogeneity: Tau®=1.59; Chi*=6.85, df=2 (P=003), F=71% 5_20 _150 5 1%0 70
Testfor overall effect: Z=8.40 (P = 0.00001) Favours tizepatide Favours control
(B)
Tirzepatide Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
SURMOUNT-1 -48 89 1896 -08 104 643 421% -4.00[4.90-3.10] &+
SURMOUNT-3 -32 85 287 23 B85 292 276% -550[6.88-412) -
AAI I SURMOUNT-4 55 84 338 17 84 335 304% -380[5.07,-243] =
Total (95% CI) 2518 1270 100.0% -4.35[-5.29,-3.41] L 2
Heterogeneity, Tau?= 0.34; Chi*= 3.0, df= 2 (P = 0.14); F= 49% 1_20 _110 ] 1:0 20’

Test for overall effect: Z=9.05 (P = 0.00001)
Eur J Intern Med. 2024 Mar;121:155-156

Favours tirzepatide Favours control
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— MeT@oppivn: TIOava WEPEAINN A TOUAAXIOTOV AC@AANG
— "EAA&1pn 0edopévwy atro peyaAeg RCTs

— SUs: MeydAn eTepoyévela
— Mpo6BAnua n utTToyAuKaipia
— KaAoé gival va atropeuyovTal o€ high risk

— TZDs: Pio w@éAiun vs Rosi emiAaBA;
— Mpoooxn otnv KA

— IvoouAivn: oud&Tepn
— Mpoooxn o KA kal utTtoyAuKaipia
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Take home messages

* H mpooTtacia atro TIC KapdIayYEIOKES ETTITTAOKEC EXEI KEVTPIKO POAO OTO VEO
LUoVvTEAO dlaxeipiong TNG vooou

* Ta GLP-1 avadAoya atroteAouv TNV TTpWTN BEPATTEUTIKNA ETTIAOYN O€ A0BEVEIC PE
AEE-2N

* O1 SGLT2i xopnyouvrtai cav 2" €TIAOYN 11 ocuyxopnyouvTal € TTEQITITWON
ouvvoonpotNTwy (11X KA, XNN)

Koufakis et al. Pharmacol Res 2022
Koufakis et al. Cardiovasc Drugs Ther 2021



Review > Cardiovasc Drugs Ther. 2023 Apr;37(2):315-321. doi: 10.1007/s10557-021-07249-0.
Epub 2021 Sep 3.

Sodium—Glucose Co—transporter 2 Inhibitors Versus
Metformin as the First—Line Treatment for Type 2
Diabetes: Is It Time for a Revolution?

Theocharis Koufakis 7, Athanasia Papazafiropoulou 2, Konstantinos Makrilakis 3, Kalliopi Kotsa 4

Affiliations <+ expand
PMID: 34476668 DOI: 10.1007/s10557-021-07249-0

MaTi va XpNOIMOTTOINCW QAPMOKA:
* XWPIC KaPOIOVEPPIKA OPEAN

* Mg peyaAo Kivouvo UTToyAuKaidiag
« Me apvnTiki 1 oudETEPN €TTIOPACH OTO BAPOC

Koufakis et al. Cardiovasc Drugs Ther 2021
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