Pregledni rad

Review article

B Godina 2015. u kardiologiji: prevencija

The year in cardiology 2015: prevention

M. John Chapman'-2*,
Stefan Blankenberg?,
UIf Landmesser**

"National Institute for Health
and Medical Research
(INSERM), Dyslipidemia and
Atherosclerosis Research,
Pitié-Salpétriere Hospital,
Paris, France

2University of Pierre and Marie
Curie, Paris, France

3Clinic for Cardiology,
University Heart Center
Hamburg, German Center
for Cardiovascular Research
(DZHK), Hamburg, Germany

“Department of Cardiology,
Charité Universitatsmedizin
Berlin (CBF), Berlin, Germany

5German Center for
Cardiovascular Research
(DZHK), Berlin Institute of
Health (BIH), Berlin, Germany

RECEIVED:
May 10, 2016

ACCEPTED:
May 11, 2016

[ Cardiologia Croatica
2016;11(7):218.

CITATION: Cardiol Croat. 2016;11(7):218—233. | DOI: http://dx.doi.org/10.15836/ccar2016.218

*ADDRESS FOR CORRESPONDENCE: M. John Chapman, Pitié-Salpétriere Hospital, Paris FR-75651, France.
Phone: +33 148756328, Fax: +33 145828198, E-mail: john.chapman@upmc.fr

First published in European Heart Journal [Chapman MJ, Blankenberg S, Landmesser U. The year in cardiology 2015:
prevention. Eur Heart J. 2016 Feb 7;37(6):510-9. DOI: http://dx.doi.org/10.1093/eurheartj/ehvr21. Epub 2016 Jan 3.] and
reproduced with permission from Oxford University Press on behalf of the European Society of Cardiology.

All rights reserved. ©The Author 2016. This article is not published or distributed under the terms of an Open Access
licence. If you wish to reproduce, reuse or distribute this article in any way, please contact journals.permissions@oup.com

to request permission.

Oxford University Press, and the European Society of Cardiology are not responsible or in any way liable for the accuracy
of the translation. Stjepan Marusic is solely responsible for the translation in this publication.

Translation edited by: Marko Boban, Mario Ivanusa. Language editing: Tomislav Salopek.

Predgovor

Poboljsana prevencija bolesti srca i krvnih Zila
(SKZ) ¢imbenik je od presudne vaznosti jer je
koronarna bolest srca (KBS) i dana svodeéi uzrok
smrti u svijetu te uzrokuje neprocjenjive socioe-
konomske probleme. Tijekom 2015. godine svje-
doc¢ili smo krucijalnom napretku u prevenciji
SKZ-a, ostvarenom kroz viée domena. Potonje
ukljucuje: (i) smanjenje nezeljenih kardiovasku-
larnih dogadaja u visokorizi¢nih osoba iz opce
populacije, zbog uvodenja sveobuhvatne strate-
gije za kontrolu promjenjivih rizi¢nih ¢imbenika,
ukljucujuc¢i promjene zivotnog stilai prehrane; (ii)
postignut je iznimni napredak u razvoju hibrid-
nih oblika slikovne dijagnostike, uz mnogo veéu
stopu otkrivanja supklinicke ateroskleroze, od-
nosno poboljSanja stratifikacije rizika/lijecenja;
(iii) klinicki potvrdena ruptura plaka pronadena
je samo u 50 — 77 % bolesnika s akutnim koro-
narnim sindromom; (iv) razvojem i §irom primje-
nom omics-tehnologija za otkrivanje novih ¢im-
benika rizika; (v) klinicke studije uéinkovitosti
monoklonskih protutijela protiv PCSK9 potvrdile
su znatno smanjenje razine LDL kolesterola u
velikog dijela osoba s visokim rizikom od preu-
ranjenog razvoja bolesti SKZ-a, a preliminarna

Preamble

Improved prevention of cardiovascular disease
(CVD) is of critical importance, as coronary
heart disease (CHD) still represents the most
common cause of death worldwide, engen-
dering inestimable socioeconomic cost. The
year 2015 has witnessed dramatic progress in
CVD prevention on several fronts. Notably, this
includes (i) event reduction in high-risk pa-
tients in general practice following introduc-
tion of a comprehensive strategy to attenuate
modifiable risk factors, including lifestyle and
dietary habits; (ii) the study of hybrid imaging
to detect subclinical atherosclerosis, with po-
tential improvement in risk prediction/ man-
agement; (iii) the clinical demonstration, that
culprit plaque rupture was observed in only
50 — 77% of patients with acute coronary syn-
dromes; (iv) the emergence of ‘omics’ technol-
ogies to identify new causal biofactors; (v) the
validation in clinical trials of the efficacy of
monoclonal antibodies targeted to proprotein
convertase subtilisin/kexin type 9 (PCSK9) in
markedly reducing levels of low-density lipo-
protein cholesterol (LDL-C) across a spectrum
of patients at high risk of premature CVD, with



izvjeSc¢a govore i1 0 smanjenju nezeljenih kardiovaskularnih
dogadaja; (vi) zabiljeZeno je znatno smanjenje u kardiovasku-
larnoj i ukupnoj smrtnosti kod dijabeti¢ara u studiji EMPA-
REG OUTCOME, koja je testirala antidijabetik, empagliflozin,
selektivni inhibitor kotransportera-2 natrij-glukoze; (vii) nove
farmakoloske strategije za bolju kontrolu arterijske hiper-
tenzije (AH), temeljene na klini¢kim studijama PATHWAY-2 i
PATHWAY-3 koje su ukljuc¢ivale dodatnu terapiju spironoloak-
tonom za farmakorezistentne slu¢ajeve AH-a te kombinaciju
amilorid — hidroklorotiazid za hipertonic¢are kojima je potre-
ban diuretik; (viii) u studiji SPRINT dokumentirano je sma-
njenje smrtnosti u ispitanika s visokim kardiovaskularnim
rizikom i postignutim vrijednostima arterijskoga tlaka (AT)
nizim od 120 mmHg. Kada sumiramo pojedinac¢ne doprinose
svih navedenih iskoraka, optimalna kontrola dislipidemije,
hiperglikemije i AH ¢ini se izglednim poljem dodatnih resur-
sa u budu¢nosti, a time i posrednim smanjenjem prosirenosti
aterosklerotskoga procesa i povezanih neZeljenih kardiova-
skularnih dogadaja u visokorizi¢nih bolesnika.

Uvod

Prevencija bolesti SKZ-a veliki je izazov za zdravstvene dje-
latnike na globalnoj razini. Na osnovi podataka iz baze Svjet-
ske zdravstvene organizacije za 2015. godinu za podrucje Eu-
ropske regije te nakon izracuna dobno standardizirane stope
smrtnosti prema novoj europskoj standardnoj populaciji, bo-
lesti SKZ-a i dalje su voded¢i uzrok smrti medu Europljanima,
kojaiznosi 40 % u muskaracai49 % u Zena, to jest > 4 milijuna
smrti godi$nje.! Iako je tijekom proteklog desetlje¢a smrtnost
zbog KBS-a i moZzdanog udara smanjena diljem Europe, KBS i
dalje ostaje vodec¢i uzrok smrti.! Vazno je istaknuti da su po-
datci o pobolu potvrdili da se stopa hospitalizacije zbog SKZ-a
i mozdanog udara za cijelu populaciju povecala, usporedo s
kontinuirano rastu¢om stopom kardiovaskularnih interven-
cija, ve¢om potro$njom lijekova te pove¢anjem potrebe za re-
habilitacijom zbog smanjene radne sposobnosti, ¢ine¢i na taj
nacin da rastuéi troskovi budu veliki izazov za zdravstvene
sustave 1 socioekonomske sustave diljem Europe.!

Na koji se na¢in moZemo nositi s navedenim i na prvi po-
gled nepremostivim izazovom? Sigurno je da su promjene Zi-
votnih navikainac¢ina prehrane polazisna osnova djelovanja,
kako je i predloZzeno u posljednjim smjernicama?®. Nadalje,
iznimno je vazno uloZzitl napore i resurse u rano otkrivanje
i lijeCenje promjenjivih ¢imbenika rizika. Avanzini 1 sur*
nedavno su potvrdili da je primjena sveobuhvatne indivi-
dualizirane preventivne strategije u > 12 000 visokoriziénih
osoba iz opée populacije koje su imale suboptimalnu po¢etnu
kontrolu ¢imbenika rizika dovela do postupnog i znatnog po-
boljSanja ukupnoga profila kardiovaskularnog rizika tijekom
petogodisnjeg razdoblja. Prema tome, poboljSanje kontrole
profila ¢imbenika rizika tijekom prve godine (djelovanjem na
tjelesnu neaktivnost, AH i hiperkolesterolemiju, dijabetes te
nezdrave prehrambene navike) neovisno je i znatno poveza-
no s nizim stopama kardiovaskularnih nezeljenih dogadaja
u iduéim godinama. Rezultati navedene grupe potpuno su u
skladu s novim opaZanjima prospektivne EPIC-Norfolk studi-
je stanovnistva, u kojoj je i neznatno poboljSanje promjenjivih
riziénih ¢imbenika dovelo do znatnog smanjenja kardiova-
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preliminary findings strongly suggestive of reduction in
cardiovascular events; (vi) significant reduction of cardio-
vascular and all-cause mortality in diabetic patients in the
EMPA-REG OUTCOME trial with the anti-hyperglycaemic
agent, empagliflozin, a selective sodium-glucose co-trans-
porter-2 (SGLAT-2) inhibitor; (vii) new pharmacotherapeutic
strategies for superior control of hypertension emanating
from the PATHWAY-2 and PATHWAY-3 clinical trials involv-
ing spironoloactone add-on therapy in resistant hyperten-
sion, and amiloride plus hydrochlorothiazide in hyperten-
sive patients requiring a diuretic, respectively; and finally
(viii) a reduced mortality associated with a lower blood pres-
sure target of 120 mmHg in patients at high cardiovascular
risk in the SPRINT trial. Considered together, such progress
augurs well for the future control of dyslipidaemia, hyper-
glycaemia, and hypertension, and with it, progressive reduc-
tion inatherosclerotic vascular disease and associated car-
diovascular events in high-risk patients.

Introduction

The prevention of CVDs represents an enormous challenge to
health professionals on a global scale. Indeed, on the basis of
the 2015 World Health Organization database for the Europe-
an region, and calculating age-standardized mortality rates
with the new European Standard population, CVD remains
the most common cause of death among Europeans, account-
ing for 40% in males and 49% in females, and equating to >4
million deaths per year.! While mortality from CHD and stroke
have decreased overall across Europe over the past decade,
CHD continues to represent the single most common cause
of death.! Importantly, morbidity data reveal that population-
based rates of hospitalization for both CVD and stroke have
increased; considered together with ever increasing rates
of cardiovascular interventions, greater use of medications,
and expanding needs for rehabilitation for disabilities, these
overwhelming socioeconomic costs present a major burden
to healthcare systems across Europe.*

How can we address this insurmountable challenge?
Clearly lifestyle and diet represent our first line of action as
currently recommended in recent guidelines,?® and early
identification and management of modifiable risk factors is
paramount. Indeed, Avanzini et al*have recently demonstrat-
ed that application of a comprehensive personalized preven-
tive strategy in >12 000 high-risk subjects in general practice,
but with suboptimal baseline risk factor control, led to gradual
and significant improvement in global cardiovascular risk
profile over a 5-year period. Thus, improvement in risk factor
profile in the first year (including physical inactivity, hyper-
tension, hypercholesterolaemia, diabetes, and an unhealthy
diet) was independently and significantly associated with
lower rates of cardiovascular events in subsequent years.
These findings are entirely consistent with new observations
from the EPIC-Norfolk prospective population study, in which
even small improvement in modifiable risk factors led to sub-
stantial reduction in cardiovascular events.®

These important findings indicate not only that an integrat-
ed approach to modifiable risk factor control is feasible, but
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skularnih dogadaja.® Spomenuti hvalevrijedni dokazi upuéu-
ju ne samo na to da je integrirani pristup kontroli promjenji-
vih ¢imbenika rizika izvediv, ve¢ i da je jednako ucinkovito
provediv u opc¢oj populaciji. Naposljetku, nove dijagnosticke
tehnologije za otkrivanje supklini¢ke ateroskleroze mogle bi
biti neprijeporno vrijedan ¢imbeniku pove¢avanju vrijednosti
dijagnostickih strategija, stratifikacije rizika i aktivnosti rane
prevencije (vidjeti nize).

Godina 2015. godina bila je, i nastavlja biti, vaZzna za inova-
tivnost napretka u nasem razumijevanju patofiziologije akut-
nog koronarnog sindroma te epidemiologije, dijagnoze i pro-
gnoze bolesti SKZ-a te stoga odrazava harmonizirane napore
usmjerene na globalnu prevenciju aterosklerotske vaskularne
bolesti i njenih trombotskih komplikacija. Usporedo s novim
spoznajama dolazi do razvoja djelotvornijih inovativnih lije-
kova koji dovode do sniZenja vrijednosti LDL kolesterola. U
vaznoj, multicentri¢noj studiji ¢imbenika rizika za razvoj pr-
vog infarkta miokarda INTERHEART provedenoj u 52 zemlje
Sirom svijeta dominirao je proaterogeni LDL kolesterol te je u
dobroj mjeri bio odgovoran za vec¢inu rizika.® U tom kontek-
stu vazno je istaknuti da su nedavno objavljeni rezultati ge-
netskih istrazivanja, na temelju mendelovske randomizacije
na nacin da integriraju cjelozZivotno kumulativno izlaganje
riziku te je dobivena konsolidirana baza potvrde za uzro¢nu
ulogu LDL-a u patofiziologiji ateroskleroze i bolesti SKZ-a™*°
(tablica 1). Nadalje, studija IMPROVE-IT* takoder je dokaza-
la da postoje dodatni mehanizmi smanjenja LDL-a, koji su
dijelom razli¢iti od statinskih, a ostvaruju klini¢ki pozitivne
rezultate u kombinaciji sa simvastatinom. U toj je studiji in-
hibicija crijevne apsorpcije kolesterola s pomoc¢u kombinacije
ezetimib-simvastatin pridonijela dodatnom smanjenju LDL-a

TABLE 1. Evidence that LDL is causal in the
pathophysiology of atherosclerotic vascular disease and

cardiovascular events.

Epidemiology of risk factors for myocardial infarction, INTER-
HEART

Familial hypercholesterolaemia

RCTs with statins and ezetimibe (intestinal cholesterol absorpti-
on inhibition)

Molecular genetics

- Mendelian randomization studies

- PCSK9 loss-of-function mutations and variants
- PCSK9 gain-of-function mutations

Arterial lipoprotein retention and direct implication of LDL in
plaque lipid accumulation

Statin-mediated reduction in circulating LDL-C levels with con-
comitant decrease in plaque lipid and increase in extracellular
matrix content, favouring plaque stabilization

Plaque regression (reduction in atheroma volume) by statins

RCTs = randomized controlled trials.
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equally that it is achievable in general practice. Finally, imag-
ing technologies for detection of subclinical atherosclerosis
may be invaluable in adding incremental value to strategies
for diagnosis, risk stratification, and early initiation of preven-
tion (see below).

The year 2015 is—and continues to be—a vintage one for
seminal progress in our knowledge of the pathophysiology
underlying acute coronary syndromes (ACSs), and of the epi-
demiology, diagnosis, and prognosis of CVD, thereby reflecting
concerted efforts in our quest to prevent the global scourge of
atherosclerotic vascular disease and its thrombotic compli-
cations. Such advances have been paralleled by the success-
ful and rapid development of highly efficacious, innovative
therapeutics to markedly lower circulating levels of LDL-C.
Indeed, in the landmark INTERHEART study of risk factors
for the first myocardial infarction across 52 countries world-
wide, atherogenic cholesterol transported as LDL predomi-
nated, accounting for the majority of population-attributable
risk.® In this context, it is especially relevant that recent ge-
netic findings, involving Mendelian randomization strategies
which integrate lifelong and therefore cumulative risk expo-
sure, have consolidated the evidence base for a causal role
of LDL in the pathophysiology of atherosclerosis and CVD™®
(Table 1). Moreover, the IMPROVE-IT trial® has now demon-
strated that a mechanism of LDL lowering distinct from that
of statins translates into clinical benefit. Ezetimibe-mediated
inhibition of intestinal cholesterol absorption yielded incre-
mental lowering of LDL-C on a background of statin treatment
in this trial (involving 18 144 patients hospitalized for an ACS
over 7 years) and translated into moderate improvement in
cardiovascular outcomes, i.e. a 7.2% lower rate of major vas-
cular events. Baseline levels of LDL-C were low (1.8 mmol/L or
70 mg/dL), with a 24% further reduction when ezetimibe was
added to simvastatin; that cardiovascular benefit is propor-
tional to the degree of LDL-C reduction is of critical relevance
in this context.™ Cardiovascular mortality was not modified,
a finding which may result from several factors, and par-
ticularly the need for post-trial, long-term follow-up data on
clinical benefit. Indeed, it is increasingly evident that such
follow-up reveals legacy benefits of LDL lowering beyond the
active intervention period in randomized, placebo-controlled
statin trials typically featuring decrease in cardiovascular
death rates.? Clearly then, a new paradigm is appearing in
which LDL lowering therapies may alter the pathophysiologi-
cal course of atherosclerotic vascular disease and its throm-
botic complications, potentially by inducing lesion stabiliza-
tion, or lesion regression, or both.

In this condensed distillate of advances in prevention
of CVD over the past year, three key areas stand out. First,
the evolution from emphasis on the ruptured, vulnerable
coronary plaque to coronary plaque erosion in the context of
ACS, with immediate relevance to approaches searching for
‘vulnerable’ plaques.’* Second, the appearance of advanced
molecular methodologies for identification of biomarkers
with potential for high predictive value.** Third, the advanced
development, based on the molecular genetics of familial
traits for cholesterol dysmetabolism associated with prema-
ture atherosclerosis, of monoclonal antibodies targeted to
PCSK9 for marked reduction in LDL-C levels.’ Importantly,
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(ukljucena 18 144 bolesnika hospitalizirana zbog AKS-a tije-
kom pracenja od 7 godina) uz ostvarivanje pobolj$anja stope
nezeljenih kardiovaskularnih ishoda kod grupe ezetimib-
simvastatin u odnosu prema monoterapiji simvastatinom,
tj. 7.2 % smanjenje ucestalosti velikih kardiovaskularnih do-
gadaja. Pocetne vrijednosti LDL-a bile su niske (1,8 mmol/L),
s daljnjim smanjenjem od 24 %, kada je ezetimib dodan si-
mivastatinu, odnosno za ovaj kontekst povoljnosti u¢inka od
presudne je vaznosti bila ¢injenica da je ucestalost poZeljnih
kardiovaskularnih u¢inaka bila razmjerna stupnju smanjenja
vrijednosti LDL-a.** Podatak da kardiovaskularna smrtnost
nije bila mnogo drukeéija izmedu istrazivanih skupina poslje-
dica je mnogih ¢imbenika i stoga se ¢ini da postoji potreba za
duljim periodom pracenja da bi se uocila klini¢ka korist osim
smanjenja LDL-a. Placebom kontrolirane, randomizirane stu-
dije upozorile su na smanjenje ucestalosti neZeljenih kardio-
vaskularnih dogadaja, osobito kardiovaskularne smrtnosti.'?
Paradigma dodatnoga smanjenja povrh vrijednosti LDL kole-
sterola ostvarena je razli¢itim farmakoloskim mehanizmima
djelovanja koja mijenjaju patofiziologiju aterosklerotske va-
skularne bolesti i njegovih trombotskih komplikacija, dovo-
dec¢i do stabilizacije i/ili regresije aterosklerotskih lezija.

U ovom sazimanju napredaka u prevenciji bolesti SKZ-a u
2015. godini moramo istaknuti tri podrucja. Prvo, evolucija hi-
poteze od rupture plaka i nestabilnoga koronarnog plaka do
erozije plaka u kontekstu AKS-a, gdje se trenutac¢no aktivno
ispituju modaliteti definiranja vulnerabilnoga plaka.** Dru-
go, pojava naprednih molekularnih metoda za identifikaciju
novih biomarkera koji bi imali vec¢i prediktivni potencijal.*
Trece, razvoj monoklonalnih protutijela na PCSK9 za dodat-
no smanjenje razine LDL-a, zasnovan na potvrdi vaznosti
nasljedne osnove za mehanizam dislipidemije, osobito tzv.
preuranjene ateroskleroze.’® Vazno je naglasiti da napredak
na svim trima poljima ostvaruje pozitivan utjecaj te da dolazi
do promjena u terapijskom dijelu skrbi za pacijente s visokim
rizikom od nastanka bolesti SKZ-a.

Slikovna dijagnostika aterosklerotskoga
plaka i procjena kardiovaskularnog rizika

Nedavno provedena studija koja je uklju¢ivala hibridne me-
tode oslikavanja za procjenu sistemske rasirenosti ateroskle-
rotske bolesti na lokalizacijama karotidnih arterija, abdomi-
nalne aorte, ileofemoralnih i koronarnih arterija, provedena
na ispitanicima srednje Zivotne dobi (studija PESA) otkrila je
supklini¢ku aterosklerozu u 63 % sudionika (71 % muskaraca,
48 % Zena) koji su bili u rasponu od niskog do visokog rizi-
ka.'® Na sli¢noj je osnovi provedena i studija Bio-Image koja
je ispitivala prediktivnu vrijednost tereta karotidnoga plaka
(na temelju pregleda 3D ultrazvukom) i kalcifikacija koronar-
nih arterija za procjenu kardiovaskularnog rizika u gotovo
6000 odraslih osoba bez simptoma koje su bili podvrgnutei
multimodalnoj vaskularnoj slikovnoj obradi koronarnih i ka-
rotidnih arterija. Navedena je studija pokazala da je dodatno
koronarno ili karotidno optere¢enje supklini¢kim ateroskle-
rotskim promjenama povezano s neZeljenim kardiovaskular-
nim dogadajima, a obje su slikovne metode pridonijele bolje-
mu stratificiranju kardiovaskularnog rizika.”
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progress in all three areas holds great promise to positively
impact the care pathway for patients at high risk of CVD.

Plaque imaging and cardiovascular risk
prediction

Arecent hybrid imaging study to evaluate the systemic extent
of atherosclerotic disease in the carotid, abdominal aortic,
iliofemoral, and coronary arteries in a middle-aged popula-
tion (the PESA Study, Progression of Early Subclinical Ath-
erosclerosis) revealed subclinical atherosclerosis in 63% of
participants (71% men, 48% women), who ranged from low to
high risk.**With a similar approach, Biolmage Study (A Clini-
cal Study of Burden of Atherosclerotic Disease in an At-Risk
Population) evaluated the predictive value of carotid plaque
burden (as examined by 3D ultrasound) and coronary artery
calcification for cardiovascular risk assessment in a popula-
tion of *6000 asymptomatic adults who underwent multimo-
dality vascular imaging of both coronary and carotid arteries.
Bothimaging methods suggested that higher detected plaque
burden was associated with adverse cardiovascular events;
furthermore, both imaging methods improved cardiovascu-
lar risk prediction to a similar degree.

Novel insights into coronary plaque
pathobiology and mechanisms leading
to progression towards acute coronary
syndromes

Over recent years, coronary atherosclerotic plaque rupture
and subsequent thrombus formation have been widely con-
sidered as the mechanism causing ACS. Subsequently, im-
aging studies have aimed to reveal the 'vulnerable plaque’
High-resolution intracoronary imaging studies using optical
coherence tomography (OCT) have now revealed that a signif-
icant proportion of ACS events are caused by coronary plaque
erosion (on an intact fibrous cap) and subsequent intracoro-
nary thrombus formation, in addition to those ‘classically’ re-
sulting from coronary plaque rupture of vulnerable thin-cap
fibro-atheroma rich in lipid.** Indeed, Libby and Pasterkamp*®
have highlighted this consideration in an editorial entitled
‘The requiem of the vulnerable plaque’, in which they discuss
different plaque pathobiologies leading to ACS. Moreover,
Niccoli et al*® reported that ACS caused by coronary plaque
erosion may have a better prognosis as compared with those
due to coronary plaque rupture, as such events appear to re-
sult from late thrombi suggestive of less intense thrombot-
ic stimuli, thereby allowing time for thrombus dissolution
caused by spontaneous fibrinolysis. Finally, a recent meta-
analysis of OCT studies suggested that the mean prevalence
of culprit plaque rupture and thin-cap fibro-atheroma was
almost 50% across different clinical subsets of patients; im-
portantly, such events were most prominent in ST-elevation
myocardial infarction (70 —77%).*
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Suvremene spoznaje u patobiologiji koronarnoga plaka i
mehanizama koji dovode do nastupa akutnoga koronarnog
sindroma

Tijekom proteklih godina ruptura koronarnoga ateroskle-
rotskoga plaka i naknadna formacija ugruska smatrala se
temeljnim mehanizmom koji uzrokuje AKS. Sukladno tomu,
slikovna je dijagnostika takoder bila usmjerena prema meto-
dologiji za otkrivanje vulnerabilnoga plaka. Studije intrako-
ronarne slikovne dijagnostike visoke rezolucije primjenom
opticke koherentne tomografije (OCT) dokazale su da je u
znatnom udjelu AKS proces potaknut erozijom plaka (a ne
rupturiranom fibroznom kapom) i daljnjom formacijom ugru-
Saka, a preostali dio uklju¢ivao je otprije poznatu "klasi¢nu"
etiologiju rupture plaka, zbog vulnerabilnosti tanke kape fi-
broateroma bogata lipidima.** Libby i Pasterkamp® naglasili
su to u uvodniku pod nazivom "Rekvijem vulnerabilnog pla-
ka", u kojem su razmatrali razlic¢ite patofizioloske procese di-
namike plaka koje dovode do AKS-a. Nadalje, Niccoli i sur.®
objavili su da AKS uzrokovan erozijom plaka moZe imati bo-
lju prognozu nego onaj uzrokovanom rupturom plaka, jer su
dogadaji naizgled rezultat kasnih ugrusaka koji upucuje na
manje izrazene protrombotske podrazaje, odnosno ostavljaju
vremena za otapanje ugruska spontanom fibrinolizom. Ne-
davno objavljena metaanaliza studija s OCT-om zakljucila je
da su ruptura plaka i ateroma tanke kape prisutne u gotovo
50 % u ispitivanim klini¢kim podgrupama pacijenata; vazno
je istaknuti da su navedeni dogadaji bili najizraZeniji u gru-
pi bolesnika s infarktom miokarda s elevacijom ST segmenta
(70 = 77 %).1°

Suvremene metode probira biomarkera za
procjenu kardiovaskularnog rizika

Trenutaéno dostupni modeli procjene rizika ostvaruju relativ-
no dobru stratifikaciju rizika u op¢oj populaciji, no predvidanje
neZeljenih kardiovaskularnih dogadaja na razini pojedinca i
dalje ostaje znacajan izazov. Postoji potreba za to¢nijom stra-
tifikacijom rizika, a u idealnim uvjetima na temelju uzro¢nih
¢imbenika i potrebu personalizacije procjene i primijenjenih
metoda lijeCenja. Testirano je nekoliko strategija probira no-
vih biomarkera bolesti SKZ-a. Suvremene precizne i objektiv-
ne tehnologije, ukljuc¢uju¢i genomiku, proteomiku i metabo-
lomiku, koriste se pristupom masovne obrade podataka radi
otkrivanja novih biomarkera. No spomenute tehnologije do
danas nisu ostvarile svoja pocetna o¢ekivanja, odnosno nisu
uspjela pronaci nove, klini¢ki relevantne biomarkere za bole-
sti SKZ-a. Nedavno je u pacijenata na statinima, uklju¢enima
u klini¢ku, randomiziranu studiju, analiziran genetski profil
rizika. Potvrdena je mogu¢nost identifikacije osoba s pove-
¢anim rizikom za nastanak i ponavljanje nezeljenih kardio-
vaskularnih dogadaja. Osobe s najve¢om razinom genetskog
rizika imale su ujedno i najvecéu relativnu i apsolutnu dobrobit
od lije¢enja statinom.?°

Dodatno je, sveobuhvatnom analizom primjenom multi-
pleks imunotesta koji dopusta ocuvanje volumena uzorka,
ispitivana strategija fokusirana na otprije poznate proteine
povezane s veéom ucestalosti bolesti SKZ-a. Ovakav je pri-
stup ostvario obec¢avajuce rezultate na nedavnom testiranju
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Innovative methodologies for novel
biomarker identificationto assess
cardiovascular risk

Although current risk models allow for increasingly pre-
cise risk equations in the general population, predicting
life-threatening cardiovascular events at the level of the
individual remains a challenge. More precise risk stratifica-
tion, ideally based on causal factors, and personalization
both of risk factor assessment and management are increas-
ingly needed. A number of strategies have been employed to
search for novel biomarkers of CVD. Unbiased technologies,
including genomics, proteomics, and metabolomics, all uti-
lize a ‘'big data’ approach for novel biomarker discovery, but
to date these technologies have failed to deliver on their ini-
tial promise, yielding no new clinically useful biomarkers in
cardiac care. A genetic risk score has been analysed recently
in clinical cohorts and data from randomized clinical statin
trials and may identify individuals at increased risk for both
incident and recurrent CHD events. People with the highest
burden of this genetic risk derived the largest relative and ab-
solute clinical benefit from statin therapy.?

An alternative strategy is to focus on known proteins re-
flecting mediating pathways to ensure a higher probability
of association with CVD, an approach that can now be im-
plemented on a massive scale using new multiplex immuno-
assay techniques that allow conservation of sample volume.
This approach yielded promising results as recently tested in
individuals with dysglycaemia.?* Further, noncoding RNAs
including microRNAs are considered a potential biomarker,
which might support diagnosis and prognosis in different
cardiovascular conditions.? Irrespective of big data approach-
es, single plasma biomarker assessment might be attractive to
improve risk prediction models. Sensitive techniques to as-
sess low concentrations of troponin I might open avenues to
improve risk prediction in the general population by use of a
cardiac-specific biomarker.?223

Indeed, in the Bypass Angioplasty Revascularisation In-
vestigation in Type 2 Diabetes trial, cardiac troponin T con-
centration measured with a high sensitivity assay was an
independent predictor of death from cardiovascular causes,
myocardial infarction, or stroke in patients who had both
type 2 diabetes and stable ischaemic heart disease.?* Nev-
ertheless, development of new strategies to identify causal
biofactors is warranted in biological fluids, circulating cells,
and tissues, and it is in this framework that emerging ‘omics’
technologies—metabolomics, lipidomics, proteomics, tran-
scriptomics, and miRNAomics—augur well **

Prevention of atherosclerotic vascular
disease and cardiovascular events in
dyslipidaemia

STATIN INTOLERANCE

As recommended in current European guidelines, statins
constitute first-line therapy in standard care for dyslipidae-
mic patients at high and very high cardiovascular risk in
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u osoba s disglikemijom.?* Nekodiraju¢a RNA, ukljucujuci i
mikroRNA, smatra se potencijalnim biomarkerom koji moze
pomoci pri dijagnozi i prognozi u raznim kardiovaskularnim
stanjima.?? Neovisno o pristupu masovnoj obradi podataka,
procjena pojedinog biomarkera moZe biti atraktivna osnova
za poboljSanje modela predvidanja rizika. Visoko osjetljive
tehnike za procjenu niskih koncentracija troponina I mogu
dodatno pridonijeti stratifikaciji rizika u op¢oj populaciji kao
kardiospecifi¢ni biomarker.?22* U studiji Bypass Angioplasty
Revascularisation Investigation in Type 2 Diabetes, koncen-
tracija kardioselektivnog troponina T mjerena testom visoke
osjetljivosti pokazala se dobrim prediktorom smrtnog ishoda
od kardiovaskularnih uzroka, infarkta miokarda ili mozda-

FIGURE 1. Statin-associated muscle symptoms
predominate as adverse effects among dyslipidaemic
subjects who discontinue statin treatment. Available
evidence suggests that the pathophysiological basis

for statin-associated muscle symptoms arises from
inefficient uptake of statins by the liver, i.e. ‘statin
escape’, frequently as a result of genetically determined
variation in the structure of organic anion transporter
proteins, such as organic anion transporting polypeptide
1 encoded by the SLCO1B1 gene. Thus, variant forms of
the protein may exhibit low binding affinity for the statin.
Under these conditions, first-pass hepatic uptake of the
statin is incomplete, leading to elevated levels of statin
in the circulation with prolonged residence time. At high
statin doses, accumulation of statins in plasma correlates
with a poor low-density lipoprotein cholesterol lowering
response and a distinct trend to increased frequency of
statin-associated muscle symptoms and myopathy.

As a consequence, peripheral tissues such as skeletal
muscle are exposed to high statin concentrations with
the potential for enhanced uptake; several mechanisms
appear to contribute to statin-induced reduction in ATP
production and mitochondrial function in muscle cells.
High demand for energy production in muscle, as occurs
in intense exercise, may potentiate statin-associated
muscle symptoms.

Chapman MJ, Blankenberg S, Landmesser U

primary and secondary prevention.?®* While the Cholesterol
Treatment Trialists’ meta-analyses of randomized controlled
trials involving statins strongly substantiate their clinical ef-
ficacy,™ nonetheless, the profile of statin-associated adverse
effects has been progressively clarified to reveal not only that
statin-associated muscle symptoms (SAMSSs) predominate in
observational studies, registries, and clinical practice (range
of prevalence 7 — 29%), but also that they are the primary
cause of statin discontinuation.? To this end, the European
Atherosclerosis Society (EAS) Consensus Panel recently is-
sued a statement providing clinical guidance in the form of
a flow-chart for management of patients with SAMS, and
recognized the central role of attenuated mitochondrial en-
ergy production in skeletal muscle in its pathophysiology; it
is noteworthy that inefficient first-pass statin uptake into the
liver may critically underlie SAMS (Figure 1).25 It is equally rel-
evant that SAMSs are a central feature of 'statin intolerance’,
which also includes adverse events at the level of the liver,
kidney, peripheral tissues, and potentially the central nerv-
ous system, but whose frequency is markedly less than that
of SAMS %

INTER-INDIVIDUAL VARIABILITY IN RESPONSE TO
STATIN THERAPY

Inter-individual variability in response to statin treatment
has received little attention until late, when a pharmacoge-
netic meta-analysis of genome-wide association studies from
randomized controlled trials and observational studies was
reported, identifying the implication of two new genetic loci,
SORTI/CELSR2/PSRCI and SLCOIBI, in addition to those of
APOE and LPA, in variation in LDL-C response.?® These find-
ings take on added significance when it is considered that a
substantial proportion of patients with incident CHD are hy-
po-responders to statin therapy, show minimal LDL-C reduc-
tions, and most importantly, greater atheroma progression
as compared with responders.?” Under such circumstances,
follow-up monitoring of LDL-C levels after initiation of statin
becomes primordial to ensure goal attainment.

FAMILIAL HYPERCHOLESTEROLAEMIA

Alarmingly, the proportion of patients with familial hyper-
cholesterolaemia (FH) at LDL-C goal on statin treatment has
been reported to be as low as 20% in the seminal Dutch ex-
perience; such patients are characterized by accelerated and
premature atherosclerotic vascular disease and CHD.?#2 Sev-
eral reasons may underlie this situation, some of which arise
from the markedly elevated LDL-C levels frequently encoun-
tered at baseline in such patients. A maximally tolerated dose
of an intensive statin is therefore the order of the day in FH,
potentially in combination with ezetimibe, a synergistic as-
sociation.”?6-3¢ Despite currently available therapies, however,
FH in both its homozygous and heterozygous forms is widely
underdiagnosed and undertreated, as emphasized by the EAS
FH Consensus Panel.2#?° Indeed, the recent revelation from
population genetic studies that FH is the most commonly
inherited metabolic condition, with a population frequency
approaching 1:200 persons, has warranted a call to action,
with widespread creation of patient registries and FH patient
advocacy groups.?®® The under-diagnosis of FH is especially
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nog udara u bolesnika s dijabetesom tipa 2 i stabilnom KBS.?*
Unato¢ ranijim velikim o¢ekivanjima, ipak je potreban razvoj
inovativnih strategija identifikacije bio¢imbenika iz tjelesnih
tekucina, cirkulirajuéih stanica ili tkiva, a u tim okvirima
nove tzv. omics-tehnologije — metabolomika, lipidomika, pro-
teomika, transkriptomika i miRNAomika — imaju jo$ klinic¢ki
nepotpuno istraZen potencijal.**

Prevencija aterosklerotske vaskularne
bolesti i kardiovaskularnih dogadaja u
pacijenata s dislipidemijom

INTOLERANCIJA STATINA

Kako je preporu¢eno u posljednjim europskim smjernicama,
statini su standarno prva terapijska linija za lijecenje paci-
jenata s dislipidemijom s visokim ili vrlo visokim kardiova-
skularnim rizikom u primarnoj i sekundarnoj prevenciji.??
Metaanaliza skupine Cholesterol Treatment Trialists koja je
uklju¢ila randomizirane kontrolirane statinske studije ned-
vojbeno je potvrdila klinicku uéinkovitost*. Tako je i bolje
upoznat profil neZeljenih uc¢inaka povezanih sa statinima.
Potvrdeno je da ne samo da su misiéni simptomi dominantni
neZeljeni uéinici povezani s primjenom statina (SAMS) koji
prevladavaju u uklju¢enim studijama, registrima i u klinic¢-
koj praksi (raspon ucestalosti 7 — 29 %) nego da je to i osnov-
ni razlog prekida uzimanja statinske terapije.?® Zbog toga je
ekspertni panel Europskoga drustva za aterosklerozu (EAS)
nedavno objavio klinicke smjernice u kojima se prikazuju
hodogrami za lije¢enje bolesnika sa SAMS-om, naglasavajuéi
sredi$nju ulogu smanjene proizvodnje mitohondrijske ener-
vom prolasku metabolizma u jetri vjerojatno kljuéni ¢imbenik
za razvoj SAMS-a (slika 1).? Podjednako je vazno da je SAMS
temeljna manifestaciju intolerancije statina, koja dodatno
izaziva neZeljene dogadaje na razini jetre, bubrega, perifernih
tkiva i moguce sredi$njega Zivéanog sustava, no, sre¢om, nji-
hova je uc¢estalost mnogo manja od ucestalosti SAMS-a.?®

Interindividualna varijabilnost u odgovoru
na lijecenje statinima

Interindividualnoj varijabilnosti odgovora na lijeCenje sta-
tinima donedavno nije posvec¢ivana ve¢a pozornost, no na-
kon objave farmakogenetske metaanalize randomiziranih
kontroliranih studija, primjenjuju¢i analize povezanosti s
genomonm, identificirana su dva nova genska lokusa, SORT1/
CELSR2/PSRCI1iSLCOIBI, uz APOE i LPA, u varijaciji odgovora
na LDL kolesterol.?® Ti su pronalasci znacajni kada se uzme
u obzir da veliki postotak koronarnih bolesnika ima slabiji
odgovor na lijeenje statinima, pokazuju¢i minimalno sma-
njenje vrijednosti LDL kolesterola te ve¢e napredovanje ate-
rosklerotskoga procesa u usporedbi s onima koji reagiraju na
lijeCenje.?” U navedenim okolnostima naknadno pracenje ra-
zine LDL kolesterola nakon uvodenja statina od presudne je
vaznosti kako bi se osiguralo zadovoljavaju¢e postizanje cilja.
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critical in children and adolescents, as emphasized recently
by Wiegman et al.* The evidence base in FH children treated
with statins indicates not only that intervention with lipid
lowering therapy may be safely initiated as early as 8 years
of age, but also that when treated early in childhood, children
born to FH families can anticipate normal life expectancy.®

THE NEED FOR THERAPEUTIC INNOVATION:
PCSK9 INHIBITION

From the above, it is evident that innovative lipid lowering
therapies have been—and remain—urgently needed, always
on a background of statin treatment whenever possible, to
fully translate the exceptional evidence base for reduction
in cardiovascular events concomitant with LDL-C lowering
into reality for many dyslipidaemic patients at high risk. Such
patients include those with FH, those in secondary preven-
tion, and those who are statin intolerant; additional patient
populations may include individuals with diabetes, chronic
kidney disease (CKD), and non-FH hypercholesterolaemia.*
It isin this context that the recent approval in the USA and
Europe of two humanized monoclonal antibodies to PCSK9,
alirocumab and evolocumab, is especially pertinent; the de-
velopment of a third, bococizumab, which is partially hu-
manized, is ongoing?®; all are well tolerated with a satis-
factory safety pro- file.%35 As exemplified by alirocumab,
these antibodies act in vivo primarily by accelerating the
fractional catabolic rate of LDL.3¢ An alternative approach
to reduction of plasma PCSK9 concentrations involves di-
rect inhibition of its hepatic production. A novel RNA interfer-
ence drug, ALN-PCSsc (given as a subcutaneous formulation),
has demonstrated the feasibility of this modality in phase 1
studies, resulting in a dose-dependent reduction in circu-
lating PCSK9 levels of up to =80%, and a mean reduction in
LDL-C of 40% for periods of 1 month or more, with favourable
safety and tolerability.”

Monoclonal antibodies to PCSK9

The decade required for the development of monoclonal anti-
bodies to inhibit PCSK9 has been driven by novel genetic and
mechanistic insights into the role of this protein in the requ-
lation of the availability of surface LDL receptors primarily in
the liver, its relation to the regulation of circulating LDL-C lev-
els,and ultimately to cardiovascular morbi-mortality.®® Quasi-
complete removal of plasma PCSK9 by antibody binding re-
sults in highly efficacious lowering of LDL-C in the range of
40 —70% as a function of dose across dyslipidaemic patient
phenotypes in monotherapy or on a statin background, with
uptake of LDL—antibody complexes by cells of the reticuloen-
dothelial system; the duration of antibody action is dose-
dependent for both alirocumab and evolocumab, whose
(single dose) pharmacokinetics and pharmacodynamics
resemble each other.!®%2 Moreover, anti-PCSK9-mediated
LDL lowering is additive to that of statins and ezetimibe 153338
Importantly, the efficacy of these antibodiesisindependent of
the specific class of the mutation of the LDL receptor (recep-
tor negative, defective, unclassified, or no mutation detected)
in heterozygous FH*; this effect attests to the fact that PCSK9
action in vivotypically leads to the premature degradation of
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OBITELJSKA HIPERKOLESTEROLEMIJA

Prema rezultatima nizozemske studije, zabrinjava nas poda-
tak da je udio bolesnika s obiteljskom hiperkolesterolemijom
(FH) koji imaju zadovoljavajuée postignute vrijednosti LDL
kolesterola uz lijeCenje statinima tek samo 20 %. Kod te gru-
pe bolesnika izraZen je razvoj ubrzane i rane aterosklerotske
vaskularne bolesti.?®?° Nekoliko je razloga koji su u pozadini
ovakve situacije; neki od njih proizlaze iz visestruko poveca-
ne razine LDL kolesterola koja je osnovna klini¢ko-laborato-
rijska manifestaciju navedenog poremecaja. Tek maksimalno
podnosljive, intenzivne doze statina eventualno u kombina-
ciji s ezetimibom ostvaruju sinergisti¢ke uc¢inke u bolesnika
s FH."?6-3° Unato¢ Sirokom dostupnom panelu lijekova FH se
Cesto previdi i stoga se ne lijeci, kako je naglaio ekspertni pa-
nel EAS-a za FH.?#?° Novije spoznaje iz populacijskih studija
na genomu otkrila su da je FH najces¢a nasljedna metabo-
licka bolest, ¢ija ucestalost u populaciji dostiZze 1 : 200 oso-
ba, oznacujuci potrebu za dodatnim akcijama i eventualnim
kreiranjem registara i potpornih grupa za slucajeve FH.283
Otkrivanje FH osobito je vazno u djece i adolescenata, $to su
i naglasili Wigeman i sur.® Dokazi iz studija FH koje su prove-
dene u djece i adolescenata pokazuju da se terapija statinima
moZe sa sigurnos¢u zapoceti veé¢ od osme godine Zivota, a
kada se lije¢enje zapocne u ranome djetinjstvu, oboljeli od FH
mogu oc¢ekivati normalan Zivotni vijek.*

Potreba za terapijskim inovacijama:
inhibicija PCSK9

Prema prije spomenutom, jasno je vidljivo da su inovativne
terapije za smanjenje lipida bile i ostale prijeko potrebne, od-
nosno kad je god to moguce, trenutaéno trebaju biti u osnovi
bazirane na statinima kako bi se potpuno ostvarila dokazana
uéinkovitost za smanjenje neZeljenih kardiovaskularnih do-
gadaja koji su rezultat smanjenja vrijednosti LDL kolestero-
la za ve¢i dio visokorizi¢nih osoba s dislipidemijom. Potonja
grupa ukljucuje osobe s FH, one u sekundarnoj prevenciji i
one koji imaju intoleranciju statina®® Dodatno, grupa uklju-
Guje osobe sa Sec¢ernom bolesc¢u, kroniénom bolesti bubrega
1 hiperkolesterolemijom bez FH.** Na tom tragu iznimno su
znacajni razvoj i registracija dvaju humanih monokolonskih
protutijela alirokumaba i evolukumaba u Sjedinjenim Ame-
riékim Drzavama i u Europskoj uniji®2 te trenutaéni razvoj tre-
¢eg, bokocizumaba, koji je djelomi¢no humano monoklonsko
protutijelo. Terapije monoklonskim protutijelima imaju dobru
podnosljivost i zadovoljavaju¢i sigurnosni profil u dosadas-
njim studijama.’®**-% Kao sto je dokazano na alirokumabu,
protutijela in vivo djeluju tako da ubrzavaju frakcijski kata-
bolizam LDL-a.*® Dodatni mehanizam terapijskoga pristupa
smanjenju koncentracije PCSK9 u plazmi ukljucuje izravnu
inhibiciju proizvodnje u jetri. Novi lijek koji remeti proizvod-
nju RNA, ALN-PCSsc (u supkutanoj primjeni), demonstrirao je
djelotvornost ove metode u klinickim studijama faze I, u ko-
jima je dovodio do smanjivanja razine cirkuliraju¢eg PCSK9 i
do 80 %, ovisno o dozi te smanjenjem vrijednosti LDL koleste-
rola od 40 % u razdoblju od > 1 mjeseca, s povoljnim profilom
sigurnosti i tolerancije.*”

Chapman MJ, Blankenberg S, Landmesser U

a major proportion of LDL receptors, a pathway largely neu-
tralized by PCSK9 antibody treatment.’®

In the "Year in Cardiology 2014’, De Backer et al comprehen-
sively reviewed extensive data from the phase Il randomized
controlled trials with alirocumab and evolocumab40; clini-
cal trial updates for 2015 are currently available in recent
reviews.'s3® Of late, the ODYSSEY FH I and FH II (heterozy-
gous FH) trialsincluded the option to increase the antibody
dose to 150 mg every 2 weeks when LDL-C goal was not
attained on the starting dose (75 mg every 2 weeks). In this
way, some 59 — 68% of patients achieved an LDL-C goal of <
1.8 mmol/L (70 mg/dL).** Discontinuation due to treatment-
emergent adverse events occurred in 3.4% of antibody-treat-
ed patients vs. 6.1% on placebo, while injection site reactions
were reported for 12.4% in FH I and 11.4% in FH II (vs. 11.0
and 7.4%, respectively for placebo), thereby attesting to sat-
isfactory tolerability. Importantly and overall, these findings
are consistent with those reported in FH heterozygotes upon
treatment with evolocumab in the RUTHERFORD-2 trial, al-
beit involving a distinct dosing regimen from that above for
alirocumab®’; furthermore, additional novel trial data have re-
cently been reported in FH homo- zygotes in the TAUSSIG and
TESLA trials (comprehensively reviewed by Chapman et al*®).

Safety of PCSK9 inhibition: vitamin E,
gonadal hormones, cognitive function,
very low LDL-C, and anti-drug binding or
neutralizing antibodies

As lipophilic vitamin transport and steroidogenesis are in-
timately linked to LDL-C metabolism, it was critical to pro-
vide safety data for the potential impact of these innovative
therapeutics on vitamin E and steroid hormone levels.#2 Thus,
in the 52 week, double-blind randomized placebo-controlled
DESCARTES study, evolocumab, on a background of statin,
did not affect gonadal hormone levels up to 52 weeks of
treatment, while changes in vitamin E paralleled those in li-
poproteins; erythrocyte vitamin E levels were unchanged.#?
Equally, adrenocorticotrophic hormone (ACTH) levels and
the cortisol/ACTH ratio did not change, even when LDL-C
levels were very low (<0.88 mmol/L or 15 mg/dL).

Given that long-term statin therapy is associated with new
onset diabetes, particularly in individuals presenting with
features of prediabetes and the metabolic syndrome,® it is
imperative to exclude potential effects of PCSK9 inhibition on
glucose homeostasis. Recent findings in the OSLER trial over
a period of 52 weeks, involving subjects with impaired fast-
ing glucose, metabolic syndrome and type 2 diabetes, dem-
onstrate convincingly that PCSK9 inhibition (as evolocumab)
was without effect on fasting plasma glucose and glycated
haemoglobin (HbAlc) levels.** Recent data with alirocumab
equallyindicate the lack of any adverse signal on glycaemic
control. 4546

Practitioners frequently express two lingering concerns
with respect to marked lowering of circulating LDL-C concen-
trations: first, low LDL-C levels may raise a range of safety
issues; and second, prompted by concerns of the US Food
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Monoklonska protutijela na PCSK9

Razvoj monoklonskih protutijela za inhibiciju PCSK9 tijekom
prosloga desetljeéa bio je potaknut novim otkri¢ima iz genet-
skih studija i novim spoznajama o ulozi koju ovaj protein ima
u regulaciji dostupnosti povrsinskih LDL receptora (ve¢inom
u jetri), njegovim odnosom s regulacijom razine cirkuliraju-
¢eg LDL kolesterola te naposljetku kardiovaskularnim pobo-
lom i smrtnoscu.®® Gotovo potpuno odstranjenje plazmatskog
PCSK9 u bolesnika s dislipidemijom, odnosno monoterapijom
statinom, vezivanjem za protutijela, kada dolazi do nakuplja-
nja kompleksa LDL — protutijela u stanicama retikuloendotel-
nog sustava rezultiralo je izrazito uc¢inkovitim smanjenjem
LDL kolesterola u rasponu od 40 do 70 %. Trajanje djelovanja
protutitijela ovisilo je o dozi alirokumaba i evololumaba, Cije
su farmakokinetika i farmakodinamika (jedne doze) podjed-
nake.’s#%3 StoviSe, smanjenje razine LDL-a putem anti-PCSK9
ima sinergisticki u¢inak uz djelovanje statina i ezetimi-
ba.’5338 Vazno je istaknuti da je ucinkovitost tih protutijela
ovisna o specifi¢noj klasi mutacije LDL receptora (negativan,
defektivan, nesvrstan receptor ili bez otkrivene mutacije) u
heterozigotnom obliku FH*. Ovakav u¢inak potvrduje da dje-
lovanje PCSKQ9 in vivo obi¢no dovodi do ranog raspadanja ve-
likog udjela LDL receptora.’s

U preglednom ¢lanku "Year in Cardiology 2014" De Backer i
sur. napravili su sveobuhvatni pregled opseZznih podataka
randomiziranih kontroliranih studija s alirokumabom i evo-
lokumabom?° iz klinicke faze III., dok su azuriranja studija za
2015. godinu dostupna u posljednjim publikacijama.’** Ne-
davne studije ODYSSEY FH 11 FH II (heterozigotni FH) uklju-
¢ivale su moguénost povec¢anja doze protutijela na 150 mg
svaka dva tjedna ako ciljna vrijednosti LDL kolesterola nije
postignuta po¢etnom dozom (75 mg svakih 2 tjedna). Ovim
je putem 59 — 68 % ispitanika postiglo ciljne vrijednosti LDL-a
od < 1,8 mmol/L.* Prekid lije¢enja zbog nastupa nuspojava do-
godio se u 3,4 % pacijenata lijeCenih protutijelom u usporedbi
s 6,1 % na placebu, dok je reakcija na mjestu davanja injekcije
opazenaul2,4 % bolesnikauFHI1i11,4 % uFHII (uusporedbi s
11,0 %1 7,4 % u placebo skupinama), ¢ime je potvrdena zadovo-
ljavajuéa ucestalost tolerancije lijeka. Vazno je naglasiti da su
spomenuti pronalasci u suglasju s rezultatima ispitivanja za
heterozigotnu FH nakon lije¢enja evolokumabom u RUTHER-
FORD-2 studiji, iako su oni ukljuc¢ivali drugi reZim doziranja
nego studije salirokumabom®. Nadalje, novi podatci dobiveni
suiu TAUSSIG i TESLA studijama (detaljno opisane u ¢lanku
Chapmana i sur®s).

Sigurnost inhibicije PCSK9: vitamin E, spolni
hormoni, kognitivna funkcija, vrlo niske
vrijednosti LDL-C, ponistavanje vezivanja
lijeka ili neutralizirajuca protutijela

Budu¢i da su lipofilni transport vitamina i proizvodnja ste-
roida usko povezani s metabolizmom LDL kolesterola, bilo
je vazno pruziti podatke o sigurnosti za moguéi uc¢inak ovih
inovativnih terapija na razine vitamina E i steroidnih hormo-

na.*? U dvostruko slijepoj, randomiziranoj, placebom kontro-
liranoj studiji DESCARTES, koja je trajala 52 tjedna, primije-
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and Drug Administration, low LDL-C on statin treatment
may lead to deterioration of cognitive function. Important-
ly, patients who achieved very low LDL-C levels on statins
displayed lower risk for major cardiovascular events.*”
Furthermore, recent data from the OSLER trial have docu-
mented the absence of any safety signalas a function of on-
treatment LDL-C levels down to 0.65 mmol/L (25 mg/dL).3®
Similarly, ODYSSEY LONG TERM showed no increase in
the incidence of AEs in patients attaining very low LDL-C
levels (<0.65 mmol/L or 25 mg/dL).%® Moreover, no significant
signal concerning cognitive function has been detected to
date in either the ODYSSEY or PROFICIO clinical trials pro-
gramme.**%* In addition, new findings from a Mendelian ran-
domization study do not support a causal link between low
LDL-C (<1.5 mmol/L) and dementia, Parkinson’s disease, or
epilepsy.*® Notwithstanding these findings, the EBBINGHAUS
trial, a substudy of the FOURIER outcomes trial, will examine
the effect of evolocumab-induced low LDL-C levels on cogni-
tive function using objective assessments.*® Finally, compos-
ite findings to date in the ODYSSEY and PROFICIO clinical
trials programmes have revealed a very low incidence of anti-
drug binding or neutralizing antibodies, involving 0.1 — 7.3%
(placebo-corrected) of patients; the presence of such anti-
bodies is typically transient.?*454 Long-term follow-up data
will be essential to evaluate this key question fully, as it may
equally be relevant to instances when a contingency for pa-
tients to switch antibodies may arise.

Aword of caution is in order when considering the nature of
‘very low LDL-C levels' Typically, such levels are calculated on
the basis of the Friedewald equation, and therefore include
the cholesterol content of lipoprotein(a) [Lp(a)], thereby over-
estimating true LDL-C. In subjects with elevated Lp(a) levels
and 'very low LDL, however, LDL may be effectively absent
from plasma, and thus the readout potentially corresponds
to Lp(a) cholesterol; the clinical implications of this concept
are indeterminate.® Under these conditions, ultracentrifu-
gal isolation of LDL provides an accurate readout.

Cardiovascular outcomes trials

It is encouraging that exploratory analyses of ODYSSEY LONG
TERM (alirocumab, n = 2341) and OSLER (evolocumab, n =
4465) indicate diminution in cardiovascular outcomes of 50 —
55% over treatment periods of up to 78 weeks.#44852 Moreover,
arecent meta-analysis of 24 trials of PCSK9 antibody therapy,
involving >10 000 patients, highlighted a 55% reduction in all-
cause mortality (P < 0.015), with similar decrements in car-
diovascular mortality and myocardial infarction.®® Together
with the SPIRE clinical trial programme for bococizumab,%4%5
the FOURIER ( patients with a history of CVD and at high risk
of recurrent events)® and ODYSSEY OUTCOMES ( patients
recently hospitalized for ACS)¥ trials involve >70 000 high-
risk dyslipidaemic patients (Figure 2). While the findings are
fully anticipated to confirm the preliminary observations dis-
cussed above, they will be essential elements in the evalua-
tion of the long-term efficacy, tolerability, and cost-effective-
ness of PCSK9 inhibition. We should not forget, however, that
the trajectory of CVD over time is not limited to a single cardi-
ovascular event, and that lowering LDL-C exerts cumulative,
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njeni evolokumab uz statin, nije dovodio do promjena u razini
spolnih hormona za vrijeme trajanja studije, dok su promjene
u vitaminu E bile usporedne s promjenama u lipoproteinima.
Razina vitamina E u eritrocitima ostala je nepromijenjena.*?
Razine adrenokortikotropnog hormona (ACTH) te omjer kor-
tizola i ACTH-a nisu se promijenili ¢ak ni kada je razina LDL-
C bila izrazito niska (< 0,88 mol/L).

S obzirom na prije utvrdenu povezanost dugoro¢ne terapije
statinima i vec¢e ucestalosti novonastale Se¢erne bolesti, po-
gotovo u pojedinaca koji su imali predijabetes i metaboli¢ki
sindrom*, bilo je vaZno ispitati potencijalne u¢inke inhibicije
PCSK9 na regulaciju glukoze. Nedavno su objavljeni rezultati
studije OSLER, koja je trajala 52 tjedna, a uklju¢ivala je paci-
jente s intolerancijom glukoze nataste, metaboli¢kim sindro-
mom i Se¢ernom bolesti tipa 2, koji su uvjerljivo pokazali da
inhibicija PCSK9 (putem evolokumaba) nema uc¢inka na kon-
centraciju glukoze u plazmi nataste, kao ni na razine HbAlc.*
Podatci iz studija koje su ukljuc¢ivale alirokumab takoder po-
tvrduju dobar sigurnosni profil glede regulacije glikemije.*34®

Lije¢nici ¢esto upozoravaju na zabrinutost glede znac¢ajno
niskih koncentracija LDL kolesterola: (i) niska razina LDL-a
moZe upucivati na problem sigurnosti lijeka; (ii) u suglasnosti
s ranijom sigurnosnom objavom Americke agencije za hranu
ilijekove gdje je u studijama opaZeno da niska razina LDL ko-
lesterola tijekom lijeGenja statinima moZe uzrokovati pogor-
Sanje kognitivne funkcije. VaZzno je imati na umu da su paci-
jenti koji su unutar terapijskih ciljeva statinima postigli vrlo
nisku razinu LDL kolesterola ujedno imali i vrlo nizak rizik od
nezeljenih kardiovaskularnih dogadaja.#” Nadalje, prema ne-
davnim podatcima iz studije OSLER nisu zabiljeZeni znacaj-
ni sigurnosni dogadaji uz smanjenje vrijednosti razine LDL
kolesterola na 0,65 mmol/L tijekom terapije.*® U prilog tomu,
ODYSSEY LONG TERM studija nije pokazala povec¢anje uce-
stalosti nuspojava u pacijenata koji su postizali vrlo niske ra-
zine LDL-C-a (< 0,65 mmol/L).* Vrijedi istaknuti da dosad nije
zabiljezen pad kognitivne funkciju ni u studijama ODYSSEY
i PROFICIO.?***% Novi rezultati studije na osnovi randomiza-
cije prema Mendeljeevim principima ne podrzavaju hipote-
zu uzrocne povezanosti niskog vrijednosti LDL kolesterola
(1,5 mmol/L) i demencije, Parkinsonove bolesti ili epilepsi-
je.* Unato¢ spomenutim zakljuécima trenuta¢no se provodi
EBBINGHAUS studija, odnosno podstudija ishodne studije
FOURIER, kojoj je cilj ispitati u¢inke niske razine LDL-C-a uz
terapiju evolokumabom i testova kognitivnih funkcija.®® Do-
sadasnji ujedinjeni podatci iz studija ODYSSEY i PROFICIO
govore o vrlo niskoj prevalenciji razvoja protutijela koja vezu
ili neutraliziraju lijek, iznosa 0,1 — 7,3 % bolesnika (korigirano
za placebo), a prisutnost antiantitijela najcesce je bila tranzi-
torna.***45 Ipak, potrebni su podatci iz dugoro¢nog pracenja,
koji sunuzni za potpunu elaboraciju ovog pitanja, a mozda ¢e
biti jednako vazni za slu¢ajeve kada se pojavi potreba za pro-
mjenom vrste protutijela u bolesnika.

Potrebno je dodatno objasniti Sto se razumijeva pod poj-
mom vrlo niskih razina LDL kolesterola. Naj¢eScée su te razine
utvrdene na osnovi Friedewaldove jednadzbe koja ukljuc¢uje
lipoprotein(a) (Lp(a)) te tako precjenjuju stvarnu vrijednost
LDL kolesterola. Medutim, u osoba s poveéanom razinom
Lp(a) i vrlo niskim vrijednostima LDL kolesterola, LDL moZe
biti ¢ak i odsutan u plazmi, pa finalno o¢itanje zapravo od-

Chapman MJ, Blankenberg S, Landmesser U

long-term arterial benefit, modifying the pathophysiological
trajectory of atherosclerotic vascular disease.’? Therefore,
critical appraisal of these agents should integrate their cumu-
lative, long-term health benefits both for the individual and
potentially for healthcare systems. In this light, we summa-
rize future perspectives for PCSK9 inhibition in Table 2.

FIGURE 2. A schematic summary of the ongoing
cardiovascular outcome trials for the three monoclonal
antibodies to proprotein convertase subtilisin/kexin type
9, on a background of human LDL particles visualized by
negative stain electron microscopy (copyright M.J.C.).
The upper section of the figure shows a 2D image of

the PCSK9 protein,while the lower section shows an
image of an LDL particle bound to the biding domain of
the LDL receptor. Overall, some 70 000 dyslipidaemic
patients at high risk will be included in these multicentre,
international trials. The primary endpoints in these

trials, which are expected to report over the period of
2016 - 17 are as follows: FOURIER: cardiovascular
death, myocardial infarction, hospitalization for unstable
angina, stroke, or coronary revascularization, whichever
occurs first, " ODYSSEY OUTCOMES: coronary heart
disease death, any non-fatal myocardial infarction,

fatal and non-fatal ischaemic stroke, unstable angina
requiring hospitalization; ' SPIRE 1 and SPIRE-2: major
cardiovascular event, a composite endpoint that includes
cardiovascular death, non-fatal myocardial infarction,
non-fatal stroke, and hospitalization for unstable angina
needing urgent revascularization.

ACS = acute coronary syndrome; CV = cardiovascular; CVD = cardiovascular
disease; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density
lipoprotein cholesterol.
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govara Lp(a) kolesterolu; klini¢ke implikacije navedenog kon-
cepta zasad su nejasne.® U trenutac¢nim uvjetima, izolacija
LDL-a s pomocu ultracentrifuge pruza to¢nija ocitanja.

Studije kardiovaskularnih ishoda

Ohrabruje nas podatak da je s pomocu eksploratorne anali-
ze klini¢kih studija ODYSSEY LONG TERM (alirokumab, n =
2341) 1 OSLER (evolokumab, n= 4465) procijenjeno smanjenje
ucestalosti neZeljenih kardiovaskularnih dogadaja u iznosu
50 — 55 % tijekom razdoblja lije¢enja do 78 tjedana.*44852 Sto-
viSe, nedavno objavljena metaanaliza koja je uklju¢ivala pri-
mjenu PCSK9 protutijela u 24 studije s uklju¢enih > 10 000 pa-
cijenata utvrdila je 55 % manju uc¢estalost ukupne smrtnosti
(P < 0,015) uz sli¢cno smanjenje kardiovaskularne smrtnosti i
infarkta miokarda.®® Kada sumiramo rezultate veéih klinic¢-
kih studija: studije SPIRE s bokocizumabom,**% studije FOU-
RIER (bolesnici s prethodnom bolesti SKZ-a i visokim rizikom
od ponavljanja neZeljenih dogadaja)®® i ODYSSEY OUTCOMES
(bolesnici hospitalizirani zbog nedavnog AKS-a)%, dolazimo
do ukljuc¢enih > 70 000 visokoriziénih bolesnika s dislipide-
mijom (slika 2). Oc¢ekuje se da ¢e kumulativni podatci potvr-
diti prvotna prije navedena opaZanja te biti kljuéni elementi u
procjeni dugoro¢ne uc¢inkovitosti, podnosljivosti i troskovne
ucinkovitosti inhibicije PCSK9. Medutim, ne smijemo zabo-
raviti da putanja bolesti SKZ-a tijekom vremena nije ograni-
¢ena na jedan kardiovaskularni dogadaj te da smanjenje vri-
jednosti LDL kolesterola ima kumulativnu, dugoro¢nu korist
interferirajuéi s patofziologijom aterosklerotske vaskularne
bolesti.*? Stoga bi adekvatna kriticka procjena ovih lijekova
trebala ukljuc¢ivati njihovu kumulativnu, dugoroénu korist za
zdravlje pojedinih pacijenata i potencijalno cijeloga zdrav-
stvenog sustava. U tablici 2 saZeti su smjerovi i buduce per-
spektive za inhibiciju PCSK9.

Povrh ciljnog lijecenja LDL kolesterola:
trigliceridima bogati lipoproteini i
lipoprotein (a)

Uz LDL kolesterol, inhibicija PCSK9 zbog svojega znatnog po-
boljsanja broja receptora LDL moZe utjecatl na komponente
aterogenog profila lipida uz LDL, ukljuéujuci trigliceridima
bogate lipoproteine i ostataka (TGRL). Takvo djelovanje moze
modulirati razine i HDL kolesterola i apolipoproteina (apo)Al
putem intravaskularnih mehanizama remodeliranja. Kao $to
je dokazano ranijim rezultatima studije OSLER, razine atero-
genog TGLR mnogo su manje kad je PCSK9 inhibiran, dok se
razine HDL/apoAl mogu povecati** Sli¢ni su rezultati potvrde-
ni u studiji ODYSSEY u klini¢koj fazi I11.2* Od posebnog ¢e in-
teresa biti dodatne informacije o djelovanjima izvan LDL ko-
lesterola, kao funkcije poc¢etnog profila lipida, jer ne moZemo
iskljuciti moguénost da i u¢inci na druge lipoproteine mogu
poboljsati klinicku u¢inkovitost.

Manjak terapijskog u¢inka statina na snazni lipidni ¢imbe-
nik rizika od aterotrombogenosti, Lp(a), zbunjujuci je, pogoto-
vo kada mnostvo dokaza do sada podrZava argument da je on
uzrocéni, genetski odreden i neovisni ¢imbenik rizika za pre-
uranjenu pojavu bolesti SKZ-a %% Nadalje, mendelovski ran-
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Beyond the LDL-C target: triglyceride-rich
lipoproteins and lipoprotein(a)

In addition to LDL-C, PCSK9 inhibition, by virtue of its marked
enhancement of LDL receptor number, may impact compo-
nents of the atherogenic lipid profile beyond LDL-C, including
triglyceride-rich lipoproteins and remnants (TGRL); such ac-
tion may equally modulate levels of both high-density lipo-
protein (HDL) and apolipoprotein (apo)Al via intravascular re-
modelling mechanisms. As exemplified by early results from
OSLER, atherogenic TGRL levels are significantly reduced
when PCSK9 is inhibited, while those of HDL/apoAl may in-
crease*t; similar findings have been made across the ODYS-
SEY phase III studies.* Further information on these actions
as a function of baseline lipid profile will be of special interest,
as we cannot exclude the possibility that they may enhance
clinical benefit gained from LDL-C reduction alone.

The lack of therapeutic effect of statins on a potent athero-
thrombogenic lipid risk factor, Lp(a) has been perplexing, es-
pecially as abundant evidence now supports the contention
that it is a causal, genetically determined and independent
risk factor for premature CVD.%¥5° Moreover, Mendelian ran-
domization studies have documented a key role for Lp(a) in
calcific aortic valve disease, an observation supported by
new mechanistic insights intimately linked to its content of
oxidized phospholipids.®®¢! The finding then that PCSK9 in-
hibition reduces circulating Lp(a) levels by up to 35%,526% and

TABLE 2. PCSK?9 inhibition: future perspectives.

Cardiovascular outcomes from phase Ill trials

Impact on atherosclerotic vascular disease (Glagov imaging
trial)

Impact of triglyceride-rich lipoproteins, remnant and
lipoprotein(a) lowering, and HDL/apolipoprotein Al raising, on
progression of disease and reduction in cardiovascular events

Long-term, real-life, safety data from post-marketing surveillan-
ce, including the safety of very low levels of LDL-C, and potential
frequency of anti-drug binding or neutralizing antibodies

Evaluation of efficacy and safety in children and adolescents
with heterozygous familial hypercholesterolaemia at high risk
(the HAUSER-RCT trial)

Evaluation of efficacy in other patient populations at high risk, to
include post-menopausal females, chronic kidney disease, type
1 and type 2 diabetics, peripheral arterial disease and auto-
immune diseases

Use of PCSK9 antibody therapy to amplify and prolong LDL
apheresis-mediated LDL-C lowering in severely affected familial
hypercholesterolaemia patients, with potential to reduce frequ-
ency of apheresis treatment sessions

Evaluation of long-term cost-effectiveness as a function of long-
term patient follow-up in individual healthcare systems

HDL = high-density lipoprotein; LDL = low-density lipoprotein; LDL-C =
LDL cholesterol.
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domizirane studije zabiljezile su klju¢nu ulogu Lp(a) za nasta-
nak kalcifikacije aortnog zalistka, §to je potvrdeno uvidom
u mehanizme usko povezane s njegovim sadrzajem u oksi-
diranih fosfolipida.t®¢! Otkri¢e da inhibicija PCSK9 smanjuje
razine cirkuliraju¢eg Lp(a) i do 35 %% te da ovaj u¢inak moze
proizlaziti barem djelomic¢no iz suprafiziolo§ke dostupnosti
LDL receptora za njegov katabolizam, znacajan je napredak u
razumijevanju spomenutih mehanizama.®* Aktualne studije
koje promatraju kardiovaskularne ishode u pacijenata s inhi-
bitorima PCSK9 i mogle bi otkriti pridonosi li smanjenje Lp(a)
smanjenju ucestalosti nezeljenih dogadaja. Na posljetku, od-
govor na ovo pitanje mozda ¢e zahtijevati studije ishoda koje
ukljucuju protusmislenu (engl. antisense) inhibiciju jetrene
produkcije apo(a) u bolesnika s visokim kardiovaskularnim
rizikom koji imaju poveéanu razinu Lp(a), a takav je scenarij
postao izvodiv zahvaljujuéi razvoju ISIS-APO(a) Rx koji moZe
smanjiti koncentraciju Lp(a) do 80 %, ovisno o dozi.®

Neudovoljene klinicke potrebe u
dislipidemiji: terapijski horizonti
Klini¢ke potrebe u umjerenoj hipertrigliceridemiji do danas
su vec¢inom neudovoljene. SrediSnja meta na nasemu tera-
pijskom radaru iznimno su aterogena mijeSana dislipidemia
koja ukljucuje povisene razine TGRL-a i subnormalnu vrijed-
nost HDL kolesterola, odnosno profil tipican za inzulinsku
rezistenciju.®” Molekularna genetika identificirala je ve¢inu
takvih dislipidemijskih stanja kao zbivanjana poligenoj os-
novi, na koje su pridodani utjecaji okolisa.®®®® S obzirom na
nove spoznaje u genetici, koje upuéuju na to da mutacije gu-
bitka funkcije u apoCIII dovode do popratnog opadanja razine
TGRL-a i do kardiovaskularnog rizika, novo targetiranje apo-
CIII gena putem protusmislene (engl. antisense) inhibicije na-
dahnjuje nas optimizmom u ovom podrucju.®® O dozi ovisno
smanjenje koje iznosi i do =80 % u bolesnika s hipertrigliceri-
demijom (pocetni trigliceridi =4,0 — 22,6 mmol/L) postignuto
je s pomocu protokola tjednih injekcija u klini¢kim studijama
faze I1.%° Nisu zabiljeZeni problemi vezani za sigurnost lijeka.
Pacijenti s kroni¢nom bubreznom bolesti imaju visok kar-
diovaskularni rizik® a pocetni rezultati upuéuju na to da je
inhibicija PCSK9 jednako djelotvorna u smanjenju LDL kole-
sterola u onih s umjerenim stupnjem, kao i u onih s blagim
stupnjem ili bez kroni¢ne bubreZne bolesti, takoder bez pro-
blema iz podrucja sigurnosnog profila.”

Kardiovaskularna prevencija kod Ssecerne
bolesti

Nakon brojnih studija koji su analizirale kardiovaskularne
ishode u dijabetic¢ara, koje nisu dokazale smanjenje kratko-
ro¢nog ili srednjoro¢nog rizika uz terapiju antihiperglikemij-
skim lijekovima, studija EMPA-REG OUTCOME izvijestila je
o znatnom smanjenju kardiovaskularne i ukupne smrtnosti
kada se u pacijenata s dijabetesom tipa 2 i visokim kardiova-
skularnim rizikom testirao selektivni inhibitor SGLAT-2, em-
pagliflozin.™ Ova ¢e opaZanja imati znatan u¢inak na budu¢u
kardiovaskularnu prevenciju dijabeti¢ara.
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that this effect may reside at least partially in the supra-phys-
iological availability of LDL receptors for its catabolism, rep-
resents a major mechanistic advance.®* The ongoing cardio-
vascular outcomes studies for PCSK9 inhibitors may reveal
whether Lp(a) reduction contributes to overall reduction in
events. Ultimately, however, the answer to this question may
require an outcomes trial involving anti-sense inhibition of
hepatic apo(a) production in patients at high cardiovascular
risk displaying elevated Lp(a) levels; such a scenario has en-
tered the realm of possibility with the ongoing development
of ISIS-APO(a) Rx, which can reduce Lp(a) concentrations by
up to 80% dose-dependently.5s

Unmet clinical needs in dyslipidaemia: the
therapeutic horizon

Clinical needs in moderate hypertriglyceridaemia are large-
ly unmet to date, and are a central target on our therapeutic
radar screen, especially the highly atherogenic mixed dys-
lipidaemia involving elevated levels of TGRL and subnormal
HDL-C, a profile typical of insulin resistance.®®” Molecular
genetics has clearly identified the majority of such dyslipi-
daemic states as polygenic, upon which environmental influ-
ences are superimposed.®%® Nonetheless, in the light of new
genetic insights indicating that a loss-of-function mutation
in apoClIII leads to concomitant fall in levels of TGRL and in
cardiovascular risk, novel targeting of the apoCIII gene by
antisense inhibition brings considerable optimism to this
arena.® Indeed, dose-dependent reductions attaining =80% in
hypertriglyceridaemic patients (baseline triglycerides =4.0 —
22.6 mmol/L or 350 — 2000 mg/dL) were found using a weekly
injection protocol in phase II studies.®® No safety concerns
were identified.

Patients with CKD are at high cardiovascular risk?; prelimi-
nary findings suggest that PCSK9 inhibition is as efficacious
in LDL-C lowering in those with moderate CKD as in those
with mild or without CKD, with no evidence of safety issues.”™

Cardiovascular prevention in diabetes

After numerous cardiovascular outcome studies over the past
years in patients with diabetes, suggesting no short- and me-
dium-term risk reduction with anti-hyperglycaemic agents,
the EMPA-REG OUTCOME trial reported a significant reduc-
tion of cardiovascular and all-cause mortality using a selec-
tive SGLAT-2 inhibitor, empagliflozin in patients with type
2 diabetes at high cardiovascular risk.” These observations
will have a significant impact on the future management of
cardiovascular prevention in patients with type 2 diabetes.

Novel insights into better control of
hypertension

The PATHWAY-2 study has suggested that spironolactone is
a particularly effective add-on drug for the treatment of re-
sistant hypertension.” The results of the PATHWAY-3 study
support the first-line use of amiloride plus hydrochlorothi-
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Nove spoznaje o boljoj kontroli hipertenzije

Studija PATHWAY-2 potvrdila je da je spironolakton izrazito
ucinkovit dodatak u lije¢enju farmakoreziestentne hiperten-
zije.”” Rezultati PATHWAY-3 studije podupiru uporabu amilo-
rida i hidroklorotiazida u prvoj terapijskoj liniji u bolesnika s
arterijskom hipertenzijom kojima je potrebno lijecenje diureti-
cima.”™ Studija DENERHTN provedena je u 106 bolesnika s rezi-
stentnom hipertenzijom te je potvrdila da renalna denervacija
uz standardizirano stupnjevano antihipertenzivno lijecenje
(SSAHT) smanjuje arterijski tlak vise nego samostalno SSAHT
nakon 6 mjeseci,” sto povec¢ava nadu da renalna denervacija
moze kontrolirati tlak u pazljivo odabranih bolesnika.

Vazno je istaknuti rezultate SPRINT studije™, koja je doka-
zala da u visokoriziénih pacijenata koji nisu bili dijabeti¢ari,
ciljna vrijednost sistolickoga tlaka od <120 mmHg rezultira do-
datno smanjenom ucestalosti smrtonosnih i nesmrtonosnih
kardiovaskularnih dogadaja i ukupne smrtnosti, u usporedbi s
ciljnom vrijednosti od < 140 mmHg, iako je zabiljeZena mnogo
vecéa uestalost nuspojava u skupini koja je lije¢ena intenzivi-
rano. Ta je studija veéa od prethodne ACCORD studije, gdje je
trend smanjenja ucestalosti kardiovaskularnih dogadaja opa-
Zen s intenzivnijim smanjenjem vrijednosti arterijskoga tlaka.

Sazetak i zakljucak

Tijekom 2015. godine zabiljeZen je znacajni napredak u kon-
troli dislipidemije, hiperglikemije 1 arterijske hipertenzije.
Spomenuti ¢imbenici rizika djeluju Stetno tijekom cijeloga
Zivotnog ciklusa aterosklerotskog procesa. Dislipidemija,
medutim, moZe biti jedinstvena meta za kontrolu napredova-
nja klini¢ki znac¢ajno prosirenoga plaka, a u ovom kontekstu
znacajna je ucinkovitost inhibicije PCSK9 za smanjenju LDL
kolesterola na razine ispod kritiéne vrijednosti od 1,8 do 2,1
mmol/L, koja je potrebna za zaustavljanje napredovanja u ve-
¢ine bolesnika te je terapijski cilj.”®"” Bi li brzo smanjenje vri-
jednosti LDL kolesterola na vrlo nisku razinu nakon kardiova-
skularnog dogadaja moglo rezultirati brzim trosenjem lipida i
povecéanjem sadrzaja vezivnog matriksa na difuznome plaku
u arterijskom stablu, odnosno time rezultiraju¢i nepovratnom
— ili dugotrajnom - stabilizacijom plaka s daljnjim smanje-
njem kardiovaskularnih dogadaja? Da li bi brzo ublaZivanje
dislipidemije s pomoc¢u inhibitora PCSK9 ublaZilo erozije en-
dotela narizi¢nom plaku, neposredno smanjujuci trombotske
komplikacije? Navedena su pitanja izazov za kardiologiju,
poti¢uéi nas da utvrdimo najuéinkovitije farmakoterapijske
strategije za prevenciju bolesti SKZ-a. Naposljetku, prvi podat-
cioucestalostinezeljenih kardiovaskularnih dogadaja nakon
primjene inhibitora SGLAT-2 imat ¢e znatan utjecaj na buduce
lijeCenje dijabetesa, a u slu¢aju arterijske hipertenzije, studije
PATHWAY i SPRINT osigurale su dodatne vrijedne uvide u op-
timizaciju lije¢enja.
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azide in hypertensive patients who need treatment with a
diuretic.” The DENERHTN study examined 106 patients with
well-defined resistant hypertension and suggested that renal
denervation plus an standardized stepped-care antihyper-
tensive treatment (SSAHT) decreased ambulatory blood pres-
sure more than the same SSAHT alone at 6 months,™ raising
hope that renal denervation may lower blood pressure in well-
selected patients.

Importantly, the SPRINT study” demonstrated that among
patients at high risk for cardiovascular events but without
diabetes, targeting a systolic blood pressure of <120 mmHg,
as compared with <140 mmHg, resulted in lower rates of fa-
tal and non-fatal major cardiovascular events and death from
any cause, although significantly higher rates of some ad-
verse events were observed in the intensive-treatment group.
This trial was larger than the previous ACCORD study, where
a trend for a lower rate of cardiovascular events was observed
with more intensive blood pressure lowering.

Summary and conclusion

The year 2015 has seen dramatic progress in the control of
dyslipidaemia, hyperglycaemia, and hypertension. These
risk factors exert their nocivity throughout the course of the
atherogenic process. Dyslipidaemia may, however, be unique
as a target to attenuate progression of advanced plaques, and
it is in this context that the marked efficacy of PCSK9 inhi-
bition in lowering LDL-C to levels below the critical value of
1.8 — 2.1 mmol/L (70 — 80 mg/dL) required to stop progression
in the majority of patients may present major therapeutic
interest.”®" Indeed, could rapid reduction of LDL-C to very
low levels post cardiovascular event result in rapid lipid de-
pletion and enhanced fibrous matrix content across diffuse
plaques in the arterial tree, and with it, irreversible—or long-
term—plaque stabilization with subsequent reduction in car-
diovascular events? Could rapid attenuation of dyslipidaemia
by PCSK9 inhibitors attenuate endothelial erosion on complex
plaques, indirectly diminishing thrombotic complications?
Such questions challenge cardiology, obliging us to determine
the most efficacious pharmacotherapeutic strategies for CVD
prevention. Finally, the first large cardiovascular outcome
data of SGLAT-2 inhibition will have a major impact on the
future treatment of diabetes, and in hypertension, the PATH-
WAY and SPRINT studies have provided valuable insights into
optimization of treatment.
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