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Vyvoj léku na hypertenzi a diabetes mellitus

12
117
10+
=
Q. 9
=
=
" 8T
S
\> 7-
3
x 67
0
w5
Q
Q
O 4-
(a

insulin -~ V@ Yilatatory

° o”i'

1 inhibitory

periferni
a-1 blokator analoga
B-blokatory
centralni
L a-2 agoniste thiazolidindiony

L adrenergic

blockator

SGLT-2

dopaminovi agonistg

renin inhibitor

angiotensin Il

receptor
blokatg

inhibitory
amylin mimetics
GLP-1

— a-glucosidase
diuretika inhibitors

neuronal

’ooooooooog biguanidy

o
[ J
o @mmt s ifoNylurea

Courtesy of Silvio Inzucchi, MD, Yale University

Obr. 1

1950 1960 1970 1980 1990 2000 2010 2015




Vyvoj léku snizujici glukézu

15=

104

SGLT2 inhibitors
Bromocriptine
Colesevelam
DPP4 inhibitors
Inhaled insulin
Pramlintide
GLP-1 receptor agonists
Glinides
Thiazolidinedione antidiabetics
Insulin analogues
a-glucosidase inhibitors
Human insulin T

Classes of glucose-lowering drugs

- Metformin
1 Animalinsulin SulfonylureaantidiabeticsT—T

. i
0 19120 19I3O 19{40 19I50 19160
Year

T T T T I
1970 1980 1990 2000 2010



CV studie u
DM 2. typu

~200,000
nemochnych

http://www.clinicaltrials.gov

ORIGIN Insulin glargine 12,500 Ukonc€ena
TOSCAIT Pio vs. SU 3371 Start 9/2008
TECOS Sitagliptin 14,000 Ukoncéena
ACE Acarbose 7500 Start 2/2009
TIDE Rosi/Pio 16,000 Zastavena
EXAMINE Alogliptin 5,400 Ukoncena
CANVAS Canagliflozin 4500 Ukoncéena
T-emerge 8 Taspoglutide 2,000 Zastavena
AleCardio Aleglitazar 7,000 Zastavena
SAVOR TIMI-53 Saxagliptin 16,500 Ukoncéena
ELIXA Lixisenatide 6000 Ukonc¢ena
EXSCEL Exenatide LAR 12,000 Start 6/2010
Eg"liﬁ;i:; Empagliflozin 7000 7/2010
CAROLINA Linagliptin 6000 Start 10/2010
LEADER Liraglutide 8723 Start 8/2010
GRAND 306 Tak 875 10/0]0] Zastavena
AlePrevent Aleglitazar 19,000 Zastavena
REWIND Dulaglutide 9622 Start 7/2011
SUSTAIN 6 Semaglutide 3260 Start 2/2013
DECLARE TIMI 58 Dapaglifozin 17,000 Start 4/2013
CARMELINA Linagliptin 8300 Start 7/2013
DEVOTE Insulin Degludec 7500 Start 10/2013
MK-8835-004 Ertugliflozin 3900 Startd 11/2013
CANVAS-R Canagliflozin 5700 12/2013
CREDENCE Canagliflozin 3700 2/2014
EMPA-REG Empagliflozin 7200 Ukon&ena




Normalni transport glukozy v ledvinach!-3

Vétsina glukézy se
zpétné vstrebava pomoci SGLT2
(90 %)

wrh s oaf

Zbyvajici glukéza se zpétné
vstfebava pomoci SGLT1
(10 %)

FiItrac“e
glukozy

SGLT, sodiko-glukézovy kotransportér.
1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10-18; 2. Lee YJ, et al. Kidney Int Suppl 2007;106:S27-35;
2. Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14-21.

Zadné nebo minimalni
vylu¢ovani glukozy



SGLT2 inhibitory glifloziny snizuji
glykemii nezavisle na funkci -bunék a
inzulinové rezistencil

Inhibice SGLT2
pfimo sniZuje

hyperglykemii
diky rendalni
exkreci glukozy

Hyperglykemie

v

SGLT, sodiko-glukozovy kotransporter. 1. DeFronzo RA. Diabetes. 2009;58:773—-795; 2. Poitout V and Robertson RP. Endocrinology.
2002;143:339-342; 3. DeFronzo RA, et al. Diabetes Obes Metab. 2012;14:5-14;
4. Robertson RP, et al. Diabetes. 2003;52:581-587.
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EMPA-REG OUTCOME
No =7 020

A better way to learn. Watch the video >>
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ORIGINAL ARTICLE

Empagliflozin, Cardiovascular Outcomes, and Mortality in Type
2 Diabetes

Bemard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D., David Fitchett, M.D_, Erich Bluhmki, Ph.D., Stefan
Hantel, Ph.D., Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H., Odd Erik Johansen, M.D., Ph.D., Hans J.
Woerle, M.D_, Uli C. Broedl, M_D_, and Silvio E. Inzucchi, M.D. for the EMPA-REG OUTCOME Investigators

September 17, 2015 | DOI: 10.1056/NEJMoa1504720
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Primarni cil: 3P-MACE
empagliflozin snizil riziko o 14%

20+
HR 0.86
(95.02% CI1 0.74, 0.99) Placeb
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p=0.0382*
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0 6 12 18 24 30 36 42 48
Months
No. of patients
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166
—Cumuldative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio.
* Two-sided tests for superiority were conducted (statistical significance was indicated if p<0.0498) .-'; _‘.:.
$ & EMPA-REG
Zinman B et al. Empaglifiozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes.N Engl J Med. ol ‘.4..- OUTCOME®

2015 Sep 17. [Epub ahead of print] —~11



EMPA-REG OUTCOME

CV Umrti, IM a CMP

Pacienti s prihodou

Empagliflozin Placebo HR (95% CI) p-value
3-point MACE 490/4687 282/2333 0.86 (0.74,0.99)* @ 0.0382
CV Umnrti 172/4687 137/2333 0.62 (0.49,0.77) s o <0.0001
Ne-fatdini IM 213/4687 121/2333 0.87 (0.70, 1.09) ad 0.2189
Ne-fatdini CMP 150/4687 60/2333 1.24 (0.92,1.67) e 0.1638
< . >
Fayayrs empagliflozin g Favours placebo
.- *O
i" * EMPA-REG

o, .®. OUTCOME®
AProprietary L] .H.
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Incidence hospitalizace pro HF
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Figure 4 The impact of glucose-lowering drugs on the incidence of hospitalization for heart failure (hazard ratio with 95% confidence

intervals). DPP4i, dipeptidyl peptidase-4 inhibitor; GLP-1 A, glucagon-like peptide 1 agonist; SGLT2i, sodium—glucose co-transporter 2 inhibitor;

SU, sulphonylurea; TZD, thiazolidinedione. PA-REG
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Pokles mortality ve studiich CHSS vs. studie KV outcomu s

antidiabetiky
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Figure 5 Comparison of all-cause mortality reduction observed in heart failure trials with the EMPA-REG OUTCOME and LEADER
cardiovascular outcome trials in patients with diabetes. *SOLVD Treatment®’, "CHARM Alternative’’, “COPERNICUS" and MERIT-HF2,

dRALES” and EMPHASIS-HF™*, ®PARADIGM”, 'EMPA-REG OUTCOME®, ELEADER.”’ &'E'SEG



Molekularni struktura SGLT-2 Inhibitorai-3
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Dapagliflozin
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SGLT-2 = sodium glucose cotransporter-2.

1. FARXIGA Prescribing Information. 2. Jardiance Prescribing Information, Boehringer Ingelheim Pharmaceuticals, December
15 2015. 3. Invokana Prescribing Information, Janssen Pharmaceuticals, December 2015.



CANVAS
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ORIGINAL ARTICLE

Canagliflozin and Cardiovascular
and Renal Events in Type 2 Diabetes

Bruce Neal, M.B., Ch.B., Ph.D., Vlado Perkovic, M.B., B.S., Ph.D.,
Kenneth W. Mahaffey, M.D., Dick de Zeeuw, M.D., Ph.D., Greg Fulcher, M.D.,
Ngozi Erondu, M.D., Ph.D., Wayne Shaw, D.S.L., Gordon Law, Ph.D.,
Mehul Desai, M.D., and David R. Matthews, D.Phil., B.M., B.Ch.,
for the CANVAS Program Collaborative Group*




CANVAS

hospitalizace pro srdecni selhani

Hospitalization for Heart Failure

Patients with an Event (%)
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Sonesson et al. Cardiovasc Diabetol (2016) 15:37

DOI 10.1186/512933-016-0356-y Cardiovascular Diabetol ogy

ORIGINAL INVESTIGATION Open Access

Cardiovascular effects of dapagliflozin @
in patients with type 2 diabetes and different
risk categories: a meta-analysis

Christian Sonesson’, Peter A. Johansson, Eva Johnsson and Ingrid Gause-Nilsson

Results: In total, 9339 patients were included in this meta-analysis; 5936 patients received dapaglifiozin 25-10 mg
(6668 patient-years) and 3403 received control (3882 patient-years). Dapagliflozin is not associated with increased CV
fisk andl results further suggest the potential for a beneficial effect both in the overall population [Hazard Ratio (HR)
077,95 % C1(0.54, 1.10) for MACE] and in those with a history of CVD [HR 0.80(0.53, 1.22)]. These findings were con-
sistent in patients with varying degrees of CV risk, including age, number and type of CVD events in medical history
and number of CV risk factors present. Furthermore, there was no increased risk of MACE in patients who experienced
a hypoglycaemic event compared with those who did not

23



Dapa CV Meta-Analysis in Patients with Prior CVD and EMPA-REG Results*

Patients with Events

Favors :
Hazard Ratio vs
DAPA Event rate/ CTRL Event rate/
n=1856  100p-y  n=1358 100 p-y DAPA & ¢ - Control Control (95% Cl)
MACE in patients with ) . T
CVD history 50/1799 2.21 45/1325 2.76 [ | E 0.80 (0.53, 1.22)
(o)
CV death 16/1632 0.74 13/1213 0.85 i 1 % 0.79 (0.37, 1.69)
Ml 18/1677 0.82 22/1246 1.39 i J 9—, 0.58 (0.30, 1.11)
Stroke 18/1388 0.95 14/1130 0.96 I | 1.01 (0.49, 2.07)
" @EfEiiEl Zeien ey 10/1486 051  14/1172  0.94 ——A 0.37 (0.16, 0.89)
heart failure
] ]
0.1 1.0 2.0

Patients with Events Favors Hazard Ratio vs

EMPA=4687 Placebo=2333 EMPA € ¢ - Control Control (95% CI)

MACE 490 282 — — T 0.86 (0.74, 0.99)
Py

CV death 172 137 —e— B 0.62 (0.49, 0.77)

al

Ml 213 121 [ 1 o\° 0.87 (0.70, 1.09)

@)

Stroke 150 60 H— —A = 1.24 (0.92, 1.67)
Hosplta'llzatlon for 126 95 I i 0.65 (0.50, 0.85)
heart failure

1 1
0.5 1.0 2.0

#Data is not intended to be comparative in nature as the data is derived from different types of sources and the products have not
been studied in a head to head trial. The effect of dapagliflozin on CV outcomes is being studied in the ongoing trial DECLARE.

n= number of patients with an event; N= number of patients in treatment group ;CVD=cardiovascular disease; p-y=patient years; MACE=Major Adverse Cardiovascular
Event; HR=hazard ratio; CV=cardiovascular; MI=myocardial infarction; Cl=confidence interval;

1. Sonesson C et al. Cardiovasc Diabetol. 2016;15:37. 2. Zinman, B et al. NEJM 2015;373:2117-28 24



Primarni cil (MACE + NAP)
Sonesson 2016, 9339 pts
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Days

No. of patients at risk

DAPA 5699 5333 4036 3427 1895 1748 1635 1543 261 249 239 234 221 211 189 8
Control 3240 2997 2227 1878 1003 903 833 782 136 129 124 119 111 107 90 4

Primary composite end point: CV death, myocardial infarction, stroke, and hospitalization for unstable angina.
Cumulative incidence of primary CV composite end point over time (Kaplan-Meier estimate) for the overall population
MACE=Major Adverse Cardiovascular Event; UA=unstable angina; DAPA=dapagliflozin; CV=cardiovascular.

Sonesson C et al. Cardiovasc Diabetol. 2016;15:37.
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MACE
Sonesson 2016, 9339 pts

5_
Control
o 41
S
§2)
o
= 3 -
(]
o
©
5 2- DAPA
o
o
o
o 1 4
0_
|

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Days

No. of patients at risk

DAPA 5418 5064 3797 3197 1895 1750 1640 1548 262 250 241 235 222 212 190 8
Control 3101 2867 2114 1774 1011 912 842 790 137 130 125 120 112 107 90 4

MACE (CV death, myocardial infarction, and stroke)

Cumulative incidence of primary CV composite end point over time (Kaplan-Meier estimate) for the overall population
MACE=Major Adverse Cardiovascular Event; DAPA=dapagliflozin; CV=cardiovascular.

Sonesson C et al. Cardiovasc Diabetol. 2016;15:37.
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KV umrti
Sonesson 2016, 9339 pts

Proportion of patients (%)
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DAPA
Control

3825 3586 3096 2859 1809 1666 1567 1476 261 249 239 234 221 211 190 8
2200 2029 1737 1594 962 867 803 755 138 133 127 122 114 109 92 4

Cumulative incidence of CV death over time (Kaplan-Meier estimate) for the overall population
CV=cardiovascular; DAPA=dapagliflozin.

Sonesson C et al. Cardiovasc Diabetol. 2016;15:37.
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Infarkt myokardu
Sonesson 2016, 9339 pts
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Days

No. of patients at risk

DAPA 5244 4903 3622 3207 1900 1753 1646 1553 262 250 239 234 222 211 190 8
Control 3014 2783 2033 1783 1015 918 849 797 138 132 127 122 114 109 92 4

Cumulative incidence of MI over time (Kaplan-Meier estimate) for the overall population
DAPA=dapagliflozin.

Sonesson C et al. Cardiovasc Diabetol. 2016;15:37.



Cévni mozkova prihoda
Sonesson 2016, 9339 pts

2.0 -
= Control
S 157
4
3
©
o
5 1.0
E DAPA
S
o
2 057
a
0.0+,

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Days

No. of patients at risk

DAPA 4227 3960 3194 2852 1805 1661 1562 1471 262 250 240 235 222 212 190 8
Control 2412 2228 1776 1581 953 859 795 746 137 130 125 120 112 107 90 4

Cumulative incidence of stroke over time (Kaplan-Meier estimate) for the overall population
DAPA=dapagliflozin.

Sonesson C et al. Cardiovasc Diabetol. 2016;15:37.



Konzistentni prinos dapagliflozinu u pacientu
VvV nizsim i vysokem riziku KV prihod
o V celém souboru zafazenych pacientt (9 339)
pouze 1/3 byla s anamnézou KV pfihody (3 403)

Podskupina Dapagliflozin Kontroly
Potet Cetnostpiihod/  Pofet Cetnost pithod/ HR (959 CI)
100 pacientorokil 100 pacientoroki

Cely soubor

Smirt z kardiovaskulamich pfigin 2003 825 0,37 1812 200 0,59 ' 0 i 0,704 (0,364~1,359)
Infarkt myokardu 30/5 244 0,48 333014 0,91 '—l—'l 0,567 (0,339-=0,947)

|

Cévni mozkova pithoda 2504227 0,45 18/2 412 0,57 ' 0 1 0,999 (0,536—1,864)
Mestabilni angina pectoris 26/4 592 0,44 202 697 0,58 L 1 0,870 (0,475-1,593)
Meplénovana korondrni revaskularizace 585 525 0,90 55/3153 1,47 —{ 0,729 (0,497-1,067)
Hospitalizace pro srdedni selhani 1012 576 0,15 16/1 780 0,4 L 0 0,361 (0,156-0,838)

Pacienti s anamnézou kardiovaskularniho onemocnéni

|
|
|
|
|
|
|
|
Smrt z kardiovaskulamich pficin 16/1 632 0,74 131 213 0,85 I i— 0,785 (0,365-1,689)
|
Infarkt myokardu 18/1 677 0,82 211246 1,39 i : 0,578 (0,301-1,107)
Cévni mozkova prihoda 18/1 388 0,95 14/1130 0,96 I h 1 1,009 (0,491=2,074)
Mestabilni angina pectoris 18/1 559 0,87 16/1 187 1,06 ' B : 0,883 (0,442,767
Meplénovana korondrni revaskularizace 4311 704 1,95 42(1 254 2,67 —— 0,795 (0,512-1,233)
|
Hospitalizace pro srdecni selhani 101 486 0,51 1411172 0,94 i l 0,371 (0,155-0,883)
|
Starsi pacienti s anamnézou kardiovaskularniho onemocnéni a hypertenze !
Smirt z kardiovaskulamich pfiin 10634 1,21 71520 1.1 ' I- v 1,018(0,36%=2,811)
Infarkt myokardu 9/621 1,18 9518 1,42 k 1 : 0,767 (0,295-1,994)
Céwni mozkova prihoda 9557 1,29 10/481 1,68 ; — 0,806 (0,317-2,050)
|
Mestabilni angina pectoris 8/676 0,96 9/531 1,42 M— 0,706 (0,263-1,895)
|
Neplénovana korondmi revaskularizace  20/693 2,39 18/545 2,80 O 0,952 (0,493-1,835)
Hospitalizace pro srdeéni selhani 5/608 0,67 6/505 0,96 + 0 : 0,389 (0,103-1,470)
0:1 T T T T T T T T lIl T T T T T T T T IID
e prospéch HR (95% CI) Ve prospéch

dapagliflozinu kontrolni lé¢by



Program studii s dapagliflozinem

Phase IIb/llI

clinical trial Real-world CV outcomes

evidence trial in T2DM

program

‘ Dapa-HF
i Dapa-CKD
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‘ CVD-REAL -Primarni a
& sekundarni

‘ Konzistentni | Dapa CV RWE KV prevence

‘ vysledky v ubM2
CV meta- realné praxi
| Celkovy | analyza
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(HbA,., TK,
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TIMI-58 1
Dapagliflozin FHI:L |auuan ~:

Importance of DECLARE - TIMI 58

Stephen D Wiviott, MD
Co-Pl: TIMI Study Group
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DECLARE

(Dapagliflozin Effects on CardiovascuLAR Events)

Placebo

Dapagliflozin (10 mg/d)
l N=17,276 | Veskera dalsSi Ié¢ba DM povolena

Screening Doba trvani: 1,390 pfihods
Cil: superiorita

1:1
Double-blind

Primarni cil
*Kombinovany: KV umrti, IM, Ischemicka CMP

Priamérna délka sledovani 4,5 roku
Zverejnéni vysledku listopad 2018



Doporuceni pro prevenci nebo zpozdéni rozvoje manifestniho srdecniho selhani nebo prevenci umrti pred rozvojem symptom

Doporuceni pro prevenci nebo zpozdéni rozvoje manifestniho srde¢niho selhdni nebo prevenci imrti pfed rozvojem symptomi

Doporuceni Trida? Uroveri®

K prevenci nebo zpozdéni rozvoje srdecniho selhani a prodlouzeni zivota se doporucuje lécit hypertenzi. I A

Lécba statiny se doporucuje u pacientl s ICHS nebo s vysokym rizikem rozvoje ICHS - bez ohledu na
pritomnost ¢i nepritomnost systolické dysfunkce LK - s cilem zabranit rozvoji srdecniho selhani nebo jej I .
zpozdit, a prodlouzit Zivot.

U kufékd nebo osob s nadmérnou konzumaci alkoholu se doporucuji poradenstvi a Ié¢ba zaméfené na
zanechdni koureni i snizeni konzumace alkoholu s cilem zabranit rozvoji srde¢niho selhani nebo jej zpozdit.

Ve snaze zabranit rozvoji srde¢niho selhani nebo jej zpozdit je nutno zvazit ovliviiovani dalsich rizikovych

faktoru srdecniho selhani (napf. obezity, zvysené glykémie). lla

U pacientt s diabetem 2. typu je nutno zvazit podavani empagliflozinu s cilem zabranit rozvoji srdec¢niho

selhani nebo jej zpozdit, a prodlouzit Zivot. lla

U pacientl s asymptomatickou systolickou dysfunkci LK a s anamnézou infarktu myokardu se doporucuje
podavat ACEl s cilem zabrénit rozvoji srdecniho selhani nebo jej zpozdit, a prodlouzit Zivot.

U pacientt s asymptomatickou systolickou dysfunkci LK a bez anamnézy infarktu myokardu se doporucuje
podavat ACEl s cilem zabranit rozvoji srdecniho selhani nebo jej zpozdit.

U pacientl se stabilni ICHS i bez prokazané systolické dysfunkce LK je nutno zvazit podavani ACEl s cilem
zabranit rozvoji srdecniho selhani nebo jej zpozdit.

U pacientl s asymptomatickou systolickou dysfunkci LK a s anamnézou infarktu myokardu se doporucuje
podavani beta-blokator( s cilem zabranit rozvoji srde¢niho selhani nebo jej zpozdit, a prodlouzit Zivot.

Implantace ICD se doporucuje u pacientd:
a) s asymptomatickou systolickou dysfunkci LK (EFLK < 30 %) ischemické etiologie, ktefi prodélali akutni
infarkt myokardu nejméné pred 40 dny; 1
b) s asymptomatickou neischemickou dilatacni kardiomyopatii (EFLK < 30 %), jimZ je poskytovana OMT,
s cilem zabranit nahlé smrti a prodlouZit Zivot.

U pacientti s DM 2 typu je nutno zvazit podavani
empagliflozinu s cilem zabranit rozvoji srde¢niho selhani nebo
jej odlozit a prodlouzit zivot

Ponikowski P. et al. 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure.
European Heart Journal (2016) 37, 2129-2200 35






