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/nacaj terapije hipertenzije

Diabetes

-HTA najvazniji reverzibilni
faktor rizika za KVB i smrt,
> 50% KVB dogadaja i

- 17% smrtnih sluéajeva se
pripisuju hipertenziji

Hipertenzija

HBB

< 50% hipertoni¢ara ima
BP<140/90mmHg

--samo 35% zenai 23%
muskaraca u Americi
ima regulisan HTA

-10% rezistentna HTA

Campbell N. et all. The Lancet Regional Health America 2022



- : ACEi or ARB + CCB Beta-blockers

‘ Initial thera Consider beta-blockers at any
Q’“' P | ol ekl or ACEi or ARB + diuretic (or 100p | treatment step, when there is a
’ g ? diuretic)® specific indlcation for their use,

e.g. heart failure, angina,

post-M|, atrial fibrillation, or
younger women with, or
R planning, pregnancy
Pill Step 2 ACEi or ARB + CCB + diuretic (or
Triple combination |°°p diuretic)®

l

. Step 3
& | Triple combination + Resistant hypertension
Pil spironolactone* o Add spironolactone (25-50 mg o.d.)

other drug or other diuretic, alpha-blocker or beta-blocker

A reduction In eGFR and rise In serum creatinine s expected in patients with CKD' who receive BP-lowering therapy, especially In those
treated with an ACEi or ARB but a rise in searum creatinine of >30% should prompt evaluation of the patient for possible renovascular disease.

Nove kombinacije antihipertenzivnih lekova

-kandesartan cilexetil/nifedipin
-fimasartan/amlodipin

-olmesartan/ amlodipin

-valsartan/ amlodipin/hidrohlorotiazid
-valsartan/amlodipin/rosuvastatin
-valsartan/amlodipin/atorvastatin

-amlodipin/ telmisartan/hlorhalidon
Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure Work
Group. KDIGO 2021 clinical practice guideline for the management of blood
pressure in chronic kidney disease. Kidney Int. 2021.



Patofiziologija arterijske hipertenzije
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T Ghatage. Hypertens Res 2021



Previse aktivirani RAAS utiCe na razliCite Celijske procese u
vitalnim organima, sto dovodi do komplikacija hipertenzije

. l Angiotension Il production l l
Endothelial dysf l !
ndothelial dysfunction tADH 16-SMA  1MAPK L6
l TAldosteron — Na/l1.O retention secretion  [Collagen 1p3g HCAMI
1eGMP | l ICTGK 1INF-G
INO : IVEGF INF-kB
1Blood vplume Water l
l f reabsorption Hypertrophy
Inflammation,
Vasoconstriction 1 Blood pressure Fibrosis Oxidative stress
Hypertension  Atherosclerosis Coronary Cardiac hypertrophy Cardiac fibrosis Renal injury
artery discase
Diabetes Mi Stroke Heart failure CKD ESRD
Commercialdrugsin]  ACEiphibitor A " Failed to treat
I P P end organ
Hypotension, Persistent dry cough, Angiocdema Hyperkalemia damage ‘
AT2R ACE2Z/Ang(1- ARNI Sumulation Dual Antioxidants Non- APA APN IRAP
MRA
C21 GSK2586881 LCZ69% Rowcigust Cendenude Tempol Finerenone Finbastat Ubenimex  HF1-419

T Ghatage. Hypertens Res 2021



Novi lekovi u leCenju hipertenzije

Farmakoloska
grupa
Aminopeptidaza A
Inhibitori

(APA inhibitor)

Nesterioidni.
selektivni
MRA

Inhibitori
vazopeptidaze

Endotelin 1
antagonisti

SGLT2 inhibitori

Lek

Firibistat

Finerenon
Esaxerenon
ocedurenon

Sakubitril/valsartan
omapatrilat

Macitentan
Darusentan
aprocitentan

Dapagliflozin
Empagliflozin
Canagliflozin

Nacin delovanja

APA inhibitor registrovan
— centralno antihipertenzivno dejstvo

(blokada RAS i vasopresina)-

vazodilatatorno i diuretsko dejstvo

Antagonisti aldosterona registrovani
diuretsko, antifibrozno dejstvo,
nefroprotekcija, kardioprotekcija

Inhibicija neprilizina registrovani
NEP/ACEi
ETAr/ETBr antagonist registrovani

Selektivni ETr antagonist
ETAr/ETBr antagonist
periferni vazodilatator

inhibitor Na-.glukoza registrovani
kotransportera

osmotska diureza, natriureza
Kardio-nefroprotekcija

T Ghatage. Hypertens Res 2021



Firibastat

* Firibastat je prvi u novoj klasi antihipertenzivnih lekova

— inhibitor aminopeptidaze A, inhibira konverziju ANG Il u ANG Ill u mozgu

* Registrovan 2019 (FDA)
e Signifikantno redukuje krvni pritisak (prose¢no 9,5/l,2mmHg)

- .
H ert en S 1 O n Figure 1. Schematic diagram of the brain renin-angiotensin system. Abbreviations:
’ Angiotensin-converting enzyme (ACE), angiotensin-converting enzyme type 2 (ACE2),

aminopeptidase A (APA), aminopeptidase N (APN), angiotensin receptor type 1 (AT1),

NI956/QGCO006, a Potent Orally Active, LS . B
Brain-Penetrating Aminopeptidase A angiotensin receptor type 2 (AT2). Modified for this review from [35].
Inhibitor for Treating Hypertension TR n A B

Mathilde Keck, Hugo De Almeida, Delphine Compére, Nicolas Inguimbert,

Adrien Flahault, Fabrice Balavoine, Bernard Roques, l RENIN

Catherine Llorens-Cortes =1
Originally published 1 Jun 2015 | Q
hitps://doi org/10. 116 1/HYPERTENSIONAHA 11812499 uantum .

Hypertension. 2019.73:1300-1307 GenomlCS
; BRAIN FOR

FOR LIFE l ACE

ANGIOTENSIN 11

ANGIOTENSIN |

Firibastat prolek - pri prelasku krvno-mozdane wemmm==} AT1 + AT2 RECEPTORS

barijere cepa se na dva aktivha molekula EC33. ACE2 / \ APA /
EC33 - aktivni molekul , inhibira aminopeptidazu A,
koja pretvara angiotenzin Il u angiotenzin lll.
Angiotenzin Ill ima tri centralna hipertenzivna l L
mehanizma.

ANGIONTENSIN (1-9)  ANGIONTENSIN II1

ANGIOTENSIN IV

Hansen, E. Int. J. Mol. Sci. 2022



Farmakoloska dejstva firibastata

Classical RAS pathway

Angiotensinoge

Ang | (1-10) —————————

St —

Ang Il (1-8)

N

AT1 Receptor

l Increased blood pressure and

Brain RAS pathway

Inhibitors

APA
Ang il wwe——3» Ang Il
L Y J
ATRs ‘/ \
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~.--* Release

pressure

L 149 3 participants Ihase lla
Movel Evaluation with QGC001 in Hy-
nsive Dverweight Matients of "
g -Labed Dose-TitratingSatety and
Multiple Ethric Origins Open Em:aq-smfﬂ
INEWSHEOVE) 356 participants Phase [Tb
NCTO3198793 [ 44,50]

Firihastat in Treatment-resistant Double-blind, Placebo-controdled,

H Efficacy and Safety Study
E i ; 502 participants
NCTM277884 [31] Phase 3

Fandomized Study of Extended
Treatment with Firibastat in

Double-bfind, Placebo-controlled and
Open-Libel Efficacy and Long-term

Treatment-Resictant Hypertension. Safety Sudy
(REFRESH) 750 pasticipants
NCTMS57840 [32) Phase 3

AEs: 14 patients with 16 reversible adverse events of mild intensity. One case
of withdrawal due to rash, vestibular dsorder and arﬂmlgja each.
For B weeks, the effect of twice daily administration of oral firibastat among
hypertensive overweight/ vbese people of different races has been
investigated. Firibastat reduced office SBI' by %5 mmHg and office DPB by

4.2 mmHg, Significant de- creases in BI" were found in all suby
obese P:Eple[.‘?ﬁl‘dmmd by 102mmHg, 105 mmﬂﬁ.:mﬁg;“mcm
89 mmy; amiong non-blacks.

AEs: 14.1% related treatment-emergent AEs (headache, skin reactions most
common), one serious related AE (erythema multiforme) resulted in
discontinuation

This study is still recruiting and has not been completed vet. For that reason,
the results are missing from this study.

The objective of this study i to investigate the effect of firibastatin people
18 years with uncontrolled primary hyperfension. Administrations of
firibastat 500 mg arally twice daily over 12 weeks are compared with placebo.
This study is still recruiting and has not been completed yet.

The abpective i to mvestigate the efficacy and safety of 1000 mg (2 « 500 mg
o} firibastat in addition o their chronic antihypertensive therapies for up
tov 4B weeks in p.al:ienls with difficult-to-treat / treatment-resistant HTH

l-!BIISO (QGC001)

Inhibitors
- PCas

APN
——T] AN IV

ROS and
nflammation

Baroreflex
(NTS)

Nervous System

FRESH study 2022

ALy G

Firibastat is effective in lowering the BF, also in the high-risk groups.
Firibastat is & prasible alternative when it comes to difficult-to-treat patients
or mesistant hyp where py with standard

options & no longer effective.

Mo conchusions can be drawn since the study is not completed.

Mo results have been reported yet

Hansen E, Grimm D, Wehland M. Current Knowledge about the New Drug Firibastat in

Arterial Hypertension. Int J Mol Sci. 2022



MRA antagonisti

-spironolakton, eplerenon (selektivni MRA)
-nesteroidni MRA/ finerenon,esaxerenon, aparenon

Terapija rezistentne hipertenzije
Hronicni KRS i RKS

l mortalitet i nastanak fibroze
Kontrola bubrezne funkcije i K+ !!!
Kardio i nefroprotektvno dejstvo

e
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Andrew S Bomback™®, Abhijit V Kshirsagar and Philip J] Klemmmer

Nature Clin.Practice Nephrol. (2009)

2015 American Heart Association, Inc.



Finerenon (Kerendia) - novi nesteroidni, antagonist

mineralokortikoidnih receptora

veca selektivnost od spironolaktona
jaci afinitet vezivanja od eplerenona

Smanjuje rizik od bubrezne slabosti,usporava progresiju HBI, KVS smrti,
nefatalnog srcanog udara i hospitalizacije od srcane insuficijencije kod

odraslih sa HBB i dijabetesa tip 2

ARTS study -Finerenone 5-10 mg/day was at least as effective as spironolactone 25 or 50 mg/day in decreasing serum levels of
BNP and pro-BNP, albuminuria, with lower incidence of hyperkalaemia (5.3% vs. 12.7%) in patients with systolic HF and CKD.

FIDELIO-DKD ClinicalTrials In patients with CKD and type 2 diabetes, treatment with finerenone resulted in lower risks of CKD

progression and cardiovascular events than placebo
FIGARO-DKD trial, 2022
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Esaxerenon (MINNEBRO™)

* Esaxerenone je efikasan i dobro podnosljiv antihipertenziv, smanjuje albuminuriju
kod pacijenata sa T2MD i CKD.

* Potencijalno nova, perspektivna farmakoterapija koja modifikuje bolesti

Esaxerenone for Type 2 Diabetes with Microalbuminuria CJ AS“M

X bouble-bing @ % .9 | sion sovammns AN dueto X
i A | 3%
w s = < (o] n=T72
N BE-
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ai UACR 245 to < 300 2 3%
mg/g Cr (2:) ° s
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«\ mU/min/1.73m? i~ | ® 0%
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‘7 RAS inhibitor by — -
o e

Sadayosts B0, Kenichi Shikata, Masaons Nanpake, Yasuyukd Ohuda, a1 Tomoko Sawancbort
mmm&auswmzmh- tmﬁ:mmtyoumm 09.3180) for the Treetment of Type 2
Microalbuminuria.

dob: 10 2245014751218
Visual Abstract by Edgar Lerma, MD, FACP, FASN

Wenyu Liu. Kidney Dis 2023;9:12-25
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Mean change in clinic sitting BP in the full analysis set

End of treatment

Eplerenone Esaxerenone
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Sadayoshi Ito. Hypertension. Double-Blind Randomized Phase 3
Study Comparing Esaxerenone (CS-3150) and Eplerenone in Patients
With Essential Hypertension (ESAX-HTN Study),



Ocedurenon

Ocedurenone (KBP-5074) - ne steroidni, selektivni, visoki afinitet za MRA
antihipertenzivno, kardio-renoprotektivnho dejstvo

klinicko ispitivanje Faze 3 (Clarion-CKD) -terapija CKD i nekontrolisane hipertenzije
Pokazano je znacajno snizavanje krvnog pritiska sa minimalnim rizikom od hiperK

Potencijalno nova terapijska opcija u leCenju neregulisane hipertenzije kod
pacijenata sa odmaklom CKD

Blok-CKD faza 2b - dvostruko slepa, placebo kontrolisana, multicentri¢na studija za
procenu efikasnosti, bezbednosti i PK ocedurenona 0,25 mg QD i 0,5 mg QD kod

pacijenata sa umerenom do teskom CKD i nekontrolisanom hipertenzijom

p
In patients with advanced Stage 3b and 4 CKD <W'<Bl5
with resistant hypertension, KBP-5074 was BlOScCliences

Plagebo KBP-5074 KBP-5074
% N=162 wmg
e SBP (mm Hg)

Randomized Reduced SBP by an average of 10.6 mmHg
Double-blind (placebo subtracted)
Placebo-controlled trail UACR > 300 ma/g

—

Well-tolerated with
minimal hyperkalemia
risk among MRAs

e Placebo
=P KBP-5074 0.25mg
e=pp KBP-5074 0.5mg

Neutral effects on
eGFR

KBP Biosciences. Efficacy and safety of KBP-5074 in

Dose dependent trends in i
albuminuria reduction uncontrolled hypertension and moderate or severe CKD

(Clarion-CKD). NCT04968184.



Inhibitori vasopetidaze

valsartan-sacubitril

Neprilysin

Jyawvem

Angiotensinogen

Daglutril

Natriuretic peptides
(BNP, ANP and
urodilatin)

:ce-)
@‘ l<_ Neprilysin

Inactive
metabolites Neprilysin \

ET;R  ETgR

Big ET-1

/\ Ang Il (1-8)

AT1 Receptor

* Vasoconstriction Ww m = ‘X
+ Aldosterone synthesis

Nezeljena dejstva

Potential Mechanisms of Benefit

| & Vasodilatation

W Sympathetic mervous system s tivity
# Parasympathetic nervous system activity
4 MNatriureshy/diuresiy

Farvorable cardia remgoeding
| Cardias e osisPryperteaphy

W Rk of arrhythmia

hipotenzija, hiperkalijemija, renalna insuficijencija, kasalj, angioedem



Inhibitori vazopeptidaze

- omapatrilat — dvojna inhibicija

AT

Platelets
ACE-Inhibitors NEP-Inhibitors —l .ACE-Inhibitofs
ATI‘ATII s | ANP n*-n%jm;' B | b
[1CE R (e Moy HH0)

Contraction Relaxation
Proliferation Antiproliferation

L relaxation  constriction
myocardial ) 0‘__ :)
hyg;rtrolphy blood vessel
rosis
Cardiovascular System

Roberto Corti. Circulation. Vasopeptidase Inhibitors, Volume: 104,
Issue: 15, Pages: 1856-1862,



Antagonisti endotelinskih receptora

Indikacije - terapiji rezistentne hipertenzije
- pluéna hipertenzija

Endothelin-1 Bosentan
Macitentan
Darusentan

Aprocitentan

zibotentan
NezZeljena dejstva

Nonselective ETR
antagonists

Dual ETAR/ETBR
antagonist
Selective ETR
antagonists

Dual ETAR/ETBR
antagonist

Approved
Approved
Approved

Approved

Selective ETlantagonist

Edem/retencija tecnosti kod pacijenata lecenih aprocitentanom — oko 30%
razvija edem, pri cemu je >95% bilo blagog do umerenog intenziteta.

-bosentan - hepatotoksicnost
-macitentan — anemija
-ambrisentan- periferni edemi
-zibotentan + dapagliflozin-

Circulation Research. 2015



Aprocitentan (Idorsia Pharmaceuticals; Janssen)

* Dvojni antagonist endotelinskih receptora ETAr/ETBr

* Signifikantno redukuje krvni pritisak (proseénol 7,65/5,92mmHg )
* U terapiji rezistentne hipertenzije (PRECISION study)

* FDA —nije odobrila

* Meta analiza 18 studija efikasnosti i bezbednosti ETAR

Endothelium

Prouroﬁ—- Big ET-1 LF0 ET1 eNO

‘* 2 5.9511/-;5"[1.&"6%.0..
a n atan Bosentan

- "ffw =g g

N :

. S~ @
‘g \ . ° /v—\ PIP, DAG :

\/ . P >... :‘
g '[!.:4 % .\ Proliferation \PKC\
g S SR Proto-oncogens Vasodilation
i L] o108, ¢ ]un c-myct
| / *f* \
& A ’“LC" — Vasoconstriction

i Myosm

ZhangYJ, et al. Cardiovasc Diagn Ther. 2019
Schlaich MP et al; PRECISION investigators. Dual endothelin antagonist aprocitentan for resistant
hypertension (PRECISION): a multicentre, blinded, randomised, parallel-group, phase 3 trial. Lancet. 2022.



SGLT2 inhibitori

SGLT2 inhibition

A 4
Negative | | T Tubulo-
cg?oric {HbA1c “TUricosuria +=» glomerular
Cbalance o volume [t Qeedback
dTotal body = { Inflammation 4 Plasma Myocardial l erent
l s & . 4 . aﬂeﬂOb
petess| EEceseToce) | RS N | stretch |} constriction
v v Jr v 5 v
4 Epicardial 1 ;| Ventricular |<-I Activation of
fa't‘ = Atherosclerosis arrhythmias| |ACE2 - Ang1/7
1 Inflammation {4 Intraglomerular
{4 Fibrosis hypertension
1 Hyperfiltration

Cardiac & Renal Protection

Rajasekeran. Kidney International 2016.

Neuen BL, et al. NDT 2020;Lancet,2017
Heerspink HIL, et al. NDT 2020;



Kardiorenalni protektivni efekti novih
antihipertenzivnih lekova

kidnoy falure, & | inflammation
| Fibrosis | Composite of desth

"""“,,,,u"“'"m"",, -xmm - Selective {M‘Wm S0 OV Gaustt,
taseline. o daath amebtrom MR antagonists el s stroke or HME
from renal causes !

Blood pressure
| Onset of | Blood pressure |
mkroalbumnuna | Endothekal dysfunction 1mwmmd ™
| Progression 1o -1Md RAAS inhibitors ‘

| Atherosclarosis | HHF
macroalbuminura offoront arteriole and | Endothelal dysfunction
| ESRD decreased hyperfitration

Hypertension. 2022.




Sinergisticki efekat kombinacije sGLT-2

inhibitora i Finerenona

* Kombinacija empagliflozina i finerenona u malim dozama efikasne u smanjenju albuminurije i
BP, creatinina i urikemije, cardio i renalne fibroze (FIDELIO-DKD trial)

*  FIDELITY trial, smanjenje relativnog rizika od kardiorenalnih ishoda sa finerenonom bilo je slicno
bez obzira na upotrebu SGLT-2 inhibitora kao udruzene terapije

« Slino, DAPA-CKD, efekat dapagliflozina na renalne i kardiovaskularne ishode bio slican
kod pacijenata koji su bili ili nisu leCeni steroidnom MRA

* Kombinovana terapija poboljSava efikasnost i povecava bezbednosti, s obzirom na rizik od
hiperkalemije povezane sa upotrebom MRA-a a koji snizavaju SGLT2 inhibitora

* Istovremena primena SGLT2 inhibitora sa finerenonom smanijila je rizik od progresije CKD,
esaxerenon je smanjio rizik od hiperkalemije kod pacijenata sa CKD i T2DM

Georgianos P. et all. Int. J. Mol. Sci. 2023, 24, 2803




Perspektive u lecenju hipertenzije

Farmakoloska grupa Nacin delovanja r

Vazoaktivni intestinalni peptid Vasomera VIP receptor agonist Faza |
selectivni VPAC2-
receptor agonist

Na+/H+ exchanger 3 Tenapanor NHE3 inhibitor Registrovan
Intestinalni NHE3 SAR218034 2021
NO Pentaeritritol NO Faza |
tetranitrat
Vericinguat
Vakcine S1PR1 antagonist Faza 1-2

Gastrointestinalni mikrobiom

Interventne procedure u leCenju rezistentne hipertenzije

T Ghatage. Hypertens Res 2021



ZAKLJUCAK

Neadekvatna regulacija hipertenzije moze se delimicno
unaprediti razvojem novih lekova i uredaja/procedura za le¢enje
hipertenzije i njenih komplikacija

U buducnosti se ocekuje primena novih klasa lekova (inhibitori
vazopeptidaza, aldosteron sinteze i novi MRA, agonisti natriuretskog peptida
A i vazoaktivnog intestinalnog peptidnog receptora, inhibitori

aminopeptidaze A) u cilju optimalne regulacije kvnog pritiska i
prevencije komplikacija hipertenzije

Nesteroidni, selektivni MRA su potencijalno nova terapijska
opcija kod bubreznih bolesnika sa T2DM zbog kardio-
renoprotektivhog dejstva
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