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SAZETAK: LDL kolesterol (LDL-K) snazan je nezavisni ¢imbenik kardiovaskularnog (KV) rizika na koji je
moguce utjecati. Statini su danas terapija izbora u postizanju ciljnih vrijednosti LDL-K-a. Iako su u kontro-
liranimklinickimispitivanjimadokazanouc¢inkovitiisigurni, u praksi se ¢esto susre¢emo s nepodnosenjem
statina, a u znacéajnog dijela bolesnika i nepostizanjem ciljnih vrijednosti LDL-K-a unato¢ maksimalnim
dozama. U bolesnika s visokim i vrlo visokim KV rizikom i preostala eulipemijska farmakoterapija ¢esto
nije dostatna. Inhibitori PCSK9 (PCSK9-I) novi su, revolucionarni lijekovi s potentnim u¢inkom na LDL-K.
Brzi razvoj PCSK9-I-a zapoceo je 2003. godine otkricem mutacije gena PCSK9 u bolesnika s porodi¢nom
hiperkolesterolemijom. Produkt tog gena, enzim proprotein konvertaza subtilizin/keksin tip 9 (PCSK9)
ima vaznu ulogu u regulaciji ekspresije LDL receptora i u metabolizmu kolesterola. Istrazivanjima na
Zivotinjama dokazano je da inaktivacija PCSK9 gena snizuje LDL-K s regresijom aterosklerotskih promjena
aorte. Heterozigoti i homozigoti s inaktiviraju¢éom mutacijom gena PCSK9 imaju niske vrijednosti LDL-K-a
1 manju pojavnost ateroskleroze. Medu razli¢itim skupinama PCSK9-I-a, snaZzan razvoj doZivjela su mo-
noklonska protutijela (alirokumab, evolokumab i bokocizumab). Klini¢ka ispitivanja trec¢e faze porodiéne i
primarne hiperkolesterolemije sa statinskom intolerancijom ili rezistencijom pokazala su snazan povoljan
ucinak alirokumaba i evolokumaba na LDL-K (sniZenje od 60 %), uz visoku sigurnost i dobru podnosljivost.
OSLER studija s evolokumabom dokazala je i povoljne u¢inke na KV ishode. U tijeku je vi§e klini¢kih pokusa
razli¢itih PCSK9-I-a, u kojima se prati njihov u¢inak na KV pobol i smrtnost. Pozitivni rezultati tih studija
potvrdili bi veliki potencijal PCSK9-I-a u boljoj prevenciji i lije¢enju KV bolesti.

SUMMARY: LDL cholesterol (LDL-C) is a strong independent cardiovascular (CV) risk factor that can be
easily influenced. Today, statins are the therapy of choice for the achievement of target LDL-C values. Al-
though controlled clinical trials have demonstrated their effectiveness and safety, in practice we are often
met with statin intolerance as well as a failure to achieve target LDL-C values in a significant portion of the
patients despite maximal doses. In patients with high and very high CV risk, other antilipemic pharma-
cotherapy is often also insufficient. PCSK9 inhibitors (PCSK9-I) are new revolutionary drugs with a potent
effect on LDL-C. The rapid development of PCSK9-I began in 2003 with the discovery of a PCSK9 gene mu-
tation in patients with familial hypercholesterolemia. The product of this gene, proprotein convertase sub-
tilisin/kexin type 9 (PCSK9), has an important role in the expression of LDL receptors and cholesterol me-
tabolism. Animal models demonstrated that inactivation of the PCSK9 gene lowers LDL-C with regression
of atherosclerotic changes in the aorta. Heterozygotes and homozygotes with the inactivation mutation
of PCSK9 have lower LDL-C values and lower incidence of atherosclerosis. Among the various groups of
PCSK9-I, monoclonal antibodies saw strong development (alirocumab, evolocumab, bococizumab). Phase
3 clinical trials on familial and primary hypercholesterolemia with statin intolerance or resistance have
demonstrated a strong positive effect of alirocumab and evolocumab on LDL-C values (a reduction of 60%),
with high safety and good tolerability. The OSLER study on evolocumab also demonstrated positive effects
on CV outcomes. Multiple clinical trials on PCSK9-I are currently monitoring their effect on CV morbidity
and mortality. Positive results from these studies would confirm the great potential of PCSK9-I for better
prevention and treatment of CV diseases.
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Uvod

LDL kolesterol (LDL-K) snaZan je nezavisni ¢imbenik kardio-
vaskularnog (KV) rizika na koji je moguc¢e djelovati. Postiza-
nje ciljnih vrijednosti LDL-K-a jedan je od temeljnih zahtjeva
primarne i sekundarne prevencije KV bolesti*?. Klinickim je
istraZzivanjima dokazano da smanjenje LDL-K-a za 1 mmol/L
smanjuje rizik od neZeljenih KV ishoda za 22 %**. Prema su-
vremenim smjernicama Europskoga kardioloskog drustva,
ciljne vrijednosti LDL-K-a odredene su ukupnim KV rizikom te
u osoba s vrlo visokim rizikom iznose < 1,8 mmol/L, a u osoba
s visokim rizikom < 2,6 mmol/L%¢. Posebno su riziéna popula-
cija bolesnici s nasljednom hiperkolesterolemijom, u kojih se
preuranjena KV bolest pojavljuje ve¢ u dvadesetim godinama
Zivota u homozigota te u ¢etrdesetim godinama u heterozigo-
ta™®. Terapija izbora u lije¢enju povisenog LDL-K-a dobro su po-
znati statini. Upravo su statini u brojnim klini¢kim studijama
I metaanalizama dokazali ¢vrstu povezanost izmedu povise-
nog LDL-K-ainezZeljenih KV dogadaja’®. Iako su bili u¢inkoviti i
sigurni u randomiziranim kontroliranim klini¢kim ispitivanji-
ma (1 - 5 % ukupnih misi¢nih nuspojava), u svakodnevnoj kli-
nickoj praksi ¢esto se susre¢emo s problemom nepodnosenja
statina i terapijske rezistencije na statine™.

Statinska intolerancija

Definicija statinske intolerancije, odnosno nepodno$enja stati-
na, jos uvijek nije usuglasena. Nekoliko je suvremenih defini-
cija (EMA, NLA, Canadian Working Group Consensus), a zajed-
nicko im je nepodnosenje statina uopce ili nepodno$enje pune
terapijske doze statina zbog pojave razli¢itih nuspojava'?*4,
Najc¢esce su misiéne nuspojave, od asimptomatskog povisenja
vrijednosti kreatin kinaze (CK) do mijalgija, miopatija, mioziti-
sairabdomiolize, kao najteze i vrlo rijetke misi¢ne nuspojave®.
Uzroci statinske intolerancije nisu potpuno poznati, no zna se
da postoji individualna, genetski uvjetovana podloZznost bole-
snika, ovisna o polimorfizmu gena i proteina uklju¢enih u me-
tabolizam ili transport statina u hepatocite (CYP 450, OATP)6.
Dobro je poznato i da podnosljivost statina ovisi o dozi statina i
istodobnoj primjeni lijekova koji utje¢u na njihov metabolizam
(povisujuéi razinu statina u plazmi — gemfibrozil, itrakona-
zol)® % te da se kod nekih statina (pravastatina, fluvastatina
1 pitavastatina) zbog razli¢itih putova metabolizma, misi¢ne
nuspojave pojavljuju rjede??2. Nedavna istrazivanja upucuju
na moguc¢nost postizanja tolerancije statina u veéine bole-
snika koji ih ne podnose smanjenjem doze i intermitentnom
primjenom lijeka?*?4. NiZe doze statina u lije¢enju bolesnika
s poznatom KV bolesti rijetko ¢e dovesti do postizanja ciljnih
vrijednosti LDL-K-a. Nerazmjer izmedu ucestalosti misi¢nih
nuspojava u klini¢ckim i postklini¢kim ispitivanjima rezultat
je strogih ukljuénih kriterija. Bolesnici s poznatim misi¢nim
bolestima, anamnezom mijalgija, povisenom vrijednosti CK 1
oni koji suuzimali lijekove s utjecajem na metabolizam statina
nisu bili ukljuéeni u klinicka ispitivanja. Nadalje, ve¢ina ran-
domiziranih statinskih studija nije detaljno procjenjivala blaze
misi¢ne nuspojave. Naglasak je bio postavljen na rabdomiolizu,
koja je, kao S$to je spomenuto, vrlo rijetka.

Druge po ucestalosti jesu rijetke jetrene nuspojave koje se
pojavljuju u do 3 % bolesnika na visokim dozama statina te u

Introduction

LDL cholesterol (LDL-C) is a strong independent cardiovascular
(CV) risk factor that can be influenced. Achieving target LDL-C
values is one of the fundamental goals of primary and second-
ary CV disease prevention®?. Clinical trials have demonstrated
that a reduction in LDL-C values of 1 mmol/L reduces the risk
of unwanted CV outcomes by 22%*#. According to current Eu-
ropean Society of Cardiology guidelines, target LDL-C values
are determined by the total CV risk, and are <1.8 mmol/L in
persons with very high risk and <2.6 mmol/L for persons with
high risk®¢. Patients with hereditary hypercholesterolemia
are a population with especially high risk, since the diseases
manifests already in their twenties in homozygous patients
and in the forties in heterozygous patients™. The treatment of
choice for elevated LDL-C are the well-known statins. It was
statins that demonstrated a strong association between el-
evated LDL-C and unwanted CV events in numerous clinical
trials and meta-analyses®. Although they were shown to be
safe and effective in randomized controlled clinical trials (1-5%
total muscle side effects), in everyday clinical practice we are
often faced with the issue of statin intolerance and resistance
to statin treatment™.

Statin intolerance

The definition of statin intolerance has still not been agreed
upon. There are several modern definitions (EMA, NLA, Cana-
dian Working Group Consensus), all of which include general
statin intolerance or intolerance to full treatment doses due to
the appearance of various side effects?**. Most common are
muscle side effects, ranging from asymptomatic elevation of
creatine kinase (CK) levels to myalgia, myopathy, myositis, and
rhabdomyolysis as the most severe and very rare muscle side
effect’®. The causes of statin intolerance are not fully known,
but it has been shown that patients have individual, genetically
determined susceptibility to statins, dependent on gene poly-
morphism and proteins involved in the metabolism or trans-
port of statins to hepatocytes (CYP 450, OATP)* It is also well
known that statin tolerance depends on the doses and the si-
multaneous application of drugs that affect statin metabolism
(elevating plasma statin levels — gemfibrozil, itraconazole)®2°
and that muscle side effects are more rare for some statins
(pravastatin, fluvastatin, and pitavastatin) due to different
metabolic pathways??2. Recent studies indicate the possibility
of achieving statin tolerance in most patients with statin intol-
erance through dose reduction and intermittent drug applica-
tion?*24 Lower statin doses in the treatment of patients with an
already diagnosed CV disease will rarely achieve target LDL-C
values. The discrepancy in the incidence of muscle side effects
in clinical and post-clinical trials is the result of strict inclu-
sion criteria. Patients with already diagnosed muscle diseases,
history of myalgia, elevated CK values, and those taking drugs
that affect statin metabolism were not included in the clinical
trials. Furthermore, most randomized statin studies did not in-
clude a detailed assessment of milder muscle side effects. The
focus was on rhabdomyolysis, which is, as already mentioned,
very rare.
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manje od 1 % bolesnika na srednjim i niskim dozama?. Utje-
cajem statina na jetru smatra se porast aminotransferaza od
tri ili viSe puta iznad gornje granice normale, nakon zapoci-
njanja statinske terapije. Ovakva je pojava uglavnom prola-
zna®. TeSka oSteéenja jetre statinima rijetka su i nepredvi-
diva. Novija su istrazivanja dokazala da nealkoholna masna
bolest jetre (nealkoholni steatohepatitis) nije kontraindikacija
za lijeCenje statinima?"?¢. Naprotiv, statini su u dijela bolesni-
ka s blagim do umjerenim porastom jetrenih enzima doveli
do sniZenja aminotransferaza.

Rijetka je nuspojava na statine novonastala Seéerna bolest
tipa 2, osobito u osoba s prethodno oSte¢enom tolerancijom
glukoze. Ipak, smanjenje ukupnog KV rizika postignuto je i u
takvih bolesnika?.

Statinska rezistencija

Statinska je rezistencija nemoguénost postizanja ciljnih vri-
jednosti LDL-K-a unato¢ lije¢enju maksimalnom terapijskom
dozom statina. Statinskom se rezistencijom moze smatrati
i nemogucénost prevencije aterosklerotskih promjena i sma-
njenja neZeljenih KV dogadaja. Treba je razlikovati od mnogo
Ces¢e pseudorezistencije, koja je posljedica bolesnikova ne-
pridrzavanja uputa za lijeCenje. Nepostizanje ciljnih vrijed-
nosti LDL-K-a ¢esto je posljedica neopravdanog propisivanja
nedovoljnih doza ili manje u¢inkovitih statina®. Statinska re-
zistencija, kao i intolerancija, najve¢im je dijelom uvjetovana
genetskim ¢imbenicima. Do danas su istraZivani brojni geni
¢iji polimorfizam izaziva razli¢it individualni odgovor na sta-
tine te utjecaj na farmakokinetiku i farmakodinamiku lijeka®.
Osim genetskih, dokazani su i ste¢eni ¢imbenici koji utjecu
na razli¢it individualni odgovor na statine. Pusaci i bolesnici
s arterijskom hipertenzijom imaju slabiji odgovor od nepusaca
i osoba s normalnim arterijskim tlakom?®?. Upalni citokin IL-1
beta utjece na povratnu regulaciju LDL receptora (LDL-R) sma-
njujuci njegovu ekspresiju pa je u uvjetima upale potrebna vec¢a
doza statina za postizanje jednakog u¢inka na LDL-K. Smanje-
nu ekspresiju LDL-R-a uzrokuju i hipotireoza te lije¢enje amio-
daronom, neovisno o tireoidnom statusu bolesnika®:.

Drugi hipolipemici s povoljnim ucinkom na
LDL kolesterol

Zapostizanje ciljnog LDL-K-a u bolesnika rezistentnih na sta-
tine ili u onih koji statine ne podnose, od ostalih su hipolipe-
mika dostupni ezetimib, sekvestranti Zu¢nih kiselina, fibrati i
niacin. Ezetimib je selektivni inhibitor apsorpcije kolesterola
usluznici tankoga crijeva. U usporedbi sa statinima ostvaruje
mnogo skromniji u¢inak na LDL-K. U klini¢kim istrazivanji-
ma u bolesnika s porodiénom hiperkolesterolemijom, ezeti-
mib je kao monoterapija snizivao LDL-K za skromnih 7 —11 %.
U kombinaciji sa statinima ciljni LDL-K < 3,0 mmol/L posti-
gao je mnogo veci broj ispitanika rezistentnih na statine (18
% na kombiniranoj terapiji u odnosu prema 5 % na statinima).
Unato¢ kombiniranoj terapiji ezetimiba sa statinom, najveci
je broj ispitanika imao LDL-K > 3,0 mmol/L**. Kombinacijom
ezetimiba sa sekvestrantima zuc¢nih kiselina postiZu se bolji
uc¢inci na LDL-K, bez znatnog porasta nuspojava u usporedbi s

O Cardiologia Croatica
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The second most common side effects are rare liver side
effects that manifest in 3% of patients receiving high statin
doses and in less than 1% of patients taking moderate or low
doses?. Statins are considered to be affecting the liver when
aminotransferase levels increase by three or more times above
the upper limit of normal levels after commencement of statin
treatment. Thisis usually a transient effect?¢. Severe liver dam-
age caused by statins is rare and unpredictable. Newer studies
have demonstrated that non-alcoholic fatty liver disease (non-
alcoholic steatohepatitis) is not a contraindication for statin
treatment?”?8, On the contrary, statins led to aminotransferase
reduction in a portion of these patients with mild to moderate
elevation of liver enzymes.

A rare statin side effect is newly developed diabetes type 2,
especially in persons with previously impaired glucose toler-
ance. However, a reduction in total CV risk was achieved in
these patients as well?.

Statin resistance

Statin resistance is the inability to achieve target LDL-C values
despite treatment with the maximum statin therapeutic dose.
The inability to prevent atherosclerotic changes and reduce un-
wanted CV events using statins can also be considered statin
resistance. This should be differentiated from the much more
common pseudo-resistance, which is the consequence of the
patient’s lack of treatment compliance. Not achieving target
LDL-C values is often a result of unjustified prescription of in-
sufficient doses or less effective statins®. Like statin intoler-
ance, statin resistance is mostly determined by genetic factors.
Research has shown that the polymorphism of numerous genes
causes different individual responses to statins and affects the
pharmacokinetics and pharmacodynamics of the medication®.
In addition to genetic factors, other acquired factors have been
shown to affect individual response to statins. Smokers and pa-
tients with arterial hypertension have weaker response than
non-smokers and persons with normal arterial pressure®. The
inflammatory cytokine IL-1 beta affects feedback regulation of
LDL receptors (LDL-R), reducing its expression, so a larger statin
dose is required under inflammatory conditions to achieve the
same effect on LDL-C values. Reduced LDL-R expression is also
caused by hypothyroidism and treatment with amiodarone, re-
gardless of the thyroid status of the patient®.

Other hypolipidemics with positive effects
on LDL-cholesterol

Other hypolipidemics available for achieving target LDL-C
values in patents with statin resistance or intolerance are
ezetimibe, bile acid sequestrants, fibrates, and niacin. Ezetimibe
is a selective inhibitor of cholesterol absorption in the small
intestine mucosa. In comparison with statins, it has a signifi-
cantly weaker effect on LDL-C. In clinical trials on patients with
familial hypercholesterolemia, ezetimibe monotherapy reduced
LDL-C by a humble 7-11%. In combination with statins, the target
LDL-C reduction of <3.0 mmol/L was achieved by a significantly
larger number of participants with statin resistance (18% with
combined therapy in comparison with 5% on statins). Despite



Matijevi¢ Roncevi¢ S, Gobi¢ D, Zaninovi¢ Jurjevié T, Rube$a Miculini¢ Z, Zaputovi¢ L

New classes of drugs under investigation
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FIGURE 1. New pharmacological options for the treatment of dyslipidaemias.

*PCSK9: proprotein convertase subtilisin/kexin type 9, **CETP: cholesteryl ester transfer protein, ***MTP: microsomal triglyceride transfer protein

monoterapijom sekvestrantima zucénih kiselina®. Ogranice-
nje te kombinacije Ceste sunuspojave na sekvestrante zuénih
kiselina (konstipacija, proljev, nadutost, porast serumskih tri-
glicerida) i visekratno doziranje lijeka, $to smanjuje suradlji-
vost bolesnika i izaziva Ceste prekide lijecenja®.

Fibrati i niacin veéi u¢inak ostvaruju na tzv. ne-HDL koleste-
rol, dok je njihov u¢inak na LDL-K mnogo slabiji. Fibrati snizuju
LDL-K za 13 — 35 %, a profil nuspojava sli¢an je onima na statine
(prije svega miopatija) te stoga nisu povoljni za lije¢enje bole-
snika koji statine ne podnose®**<”. U kombinaciji sa statinima u
bolesnika rezistentnih na statine znatno dodatno snizuju LDL-
K, no mnogi bolesnici i dalje ne postizu ciljne vrijednosti®=.

Niacin je dobro poznat lijek s povoljnim eulipemijskim
uéinkom, ali sa slabom podnosljivoséu. U svrhu smanjivanja
nuspojava istrazivani su novi oblici lijeka - niacin s produ-
Zenim otpustanjem (ER-niacin) i kombinacija niacina s la-
ropiprantom (studije AIM-HIGH i HPS2-THRIVE)3*%#°. Iako je
dokazano smanjenje LDL-K-g, nije bilo i manje neZeljenih KV
dogadaja, a, uz prije poznate, pojavile su se i nove ozbiljne nu-
spojave. Zbog toga je EMA (European Medicines Agency) ne-
davno preporucila povla¢enje tih lijekova iz Europe.

Nove lijekove s povoljnim u¢inkom na LDL-K, mipomersen i
lomitapide, nedavno je odobrila ameri¢ka FDA (Food and Drug
Administration) u lije¢enju homozigotnog oblika nasljedne hi-
perkolesterolemije (slika 1). Mipomersen je specifi¢ni oligonu-
kleotid koji se veZe za ApoB glasni¢ku RNA i inhibira njezinu
translaciju, odnosno sintezu ApoB (primarnoga strukturnog
apoproteina LDL-K-a i drugih aterogenih lipoproteina) i, poslje-
di¢no tomu, VLDL ¢estica, $to konac¢no rezultira nizim LDL-K-

combined ezetimibe and statin treatment, the majority of the
patients had LDL-C >3.0 mmol/L3*. Combining ezetimibe with
bile acid sequestrants achieved better effects on LDL-C without
asignificant increase in side effects in comparison with bile acid
sequestrants monotherapy®. The limitations of this combined
treatment are the high incidence of side effects of bile acid se-
questrants (constipation, diarrhea, bloating, high serum triglyc-
erides) and repeated drug administration, which reduces patient
cooperation and causes frequent treatment interruptions®®.

Fibrates and niacin have a larger effect on so-called non-
HDL cholesterol, while their effect on LDL-C is much weaker.
Fibrates reduced LDL-C by 13-35%, and the side effect profile is
similar to that of statins (primarily myopathy), making them
unsuitable for the treatment of patients with statin intoler-
ance®?® In combined treatment with statins in patients with
statin resistance, they provide a significant added reduction in
LDL-C, but many patients still do not reach target values®.

Niacin is a well-known drug with beneficial antilipemic ef-
fectsbut poor tolerance. To reduce side effects, new forms of the
drug have been studied — niacin extended release (ER-niacin)
and the combination of niacin with laropiprant (the AIM-HIGH
and HPS 2-THRIVE studies)®**4°. Although a reduction in LDL-
C was demonstrated, there was no reduction in unwanted CV
events, and new serious side effects were present along with
those already known. Thus, the European Medicines Agency
(EMA) recently recommended withdrawing these drugs from
the European market.

New drugs with beneficial effects on LDL-C, mipomersen and
lomitapide, have been recently approved by the American Food
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om. Lomitapide je oralni inhibitor mikrosomnog transportnog
proteina za trigliceride (MTP-a), vazne karike u produkciji VLDL-
a u jetri*t. Iako su u klini¢kim ispitivanjima doveli do znatnog
snizenja LDL-K-a, njihov u¢inak na KV ishode jo$ nije ispitivan.
Zbog ucestalih nuspojava (pojacano nakupljanje masti u jetri,
ozbiljne koZne reakcije na mjestu uboda kod mipomersena),
malo je vierojatno da ¢e ovi lijekovi ikada biti odobreni u lijece-
nju bolesnika sa statinskom intolerancijom i rezistencijom##:,

Proprotein konvertaza subtilizin/keksin tip
9 (PCSK9)

Inhibitori PCSK9 (engl. proprotein convertase subtilisin-kexin
type 9 inhibitors) novi su, revolucionarni lijekovi u lije¢enju
poviSenih vrijednosti LDL-K-a. Razvoju terapijske PCSK9 in-
hibicije prethodilo je otkri¢e mutacije gena PCSK9 u bolesnika
s dominantnim oblikom nasljedne hiperkolesterolemije 2003.
godine*t. Dokazano je dau 10 — 25 % slucajeva heterozigotnog
oblika nasljedne hiperkolesterolemije postoji mutacija gena
PCSK9 koja rezultira pojacanom aktivnosti gena te povise-
nom koncentracijom PCSK9 u jetri i u perifernoj krvi’s.

PCSKQ9 je enzim iz grupe proteinazi K sli¢nih proteina, koji
pripada porodici sekretornih subtilizina. Primarno se sinte-
tizira u hepatocitima i secernira u jetri, gdje postiZe i najvise
koncentracije*®.

Kljuéna uloga PCSK9 jest regulacija ekspresije LDL-R-a u je-
tri. Vezanjem N-terminalnog kraja PCSK9 molekule za LDL-R
dolazi do njegove internalizacije u stanicu i razgradnje putem
lizosoma (slika 2). Rezultat su smanjena koli¢ina stani¢nih
LDL-R-a, manji klirens i povisena plazmatska koncentracija
LDL-K-a*®. Ekstrahepati¢ni u¢inci PCSK9 uklju¢uju pojaca-
nu sekreciju hilomikrona i regulaciju apsorpcije kolesterola
u enterocitima®’. Eksperimentalne studije na Zivotinjama
dokazale su snaZzan utjecaj PCSK9 na progresiju ili regresiju
aterosklerotskih promjena“. Rezultati tih studija sugeriraju
da PCSK9 ne utjece samo na metabolizam kolesterola nego
je ukljucen i u metabolizam glukoze, regeneraciju hepatocita i
podloznost infekciji virusom hepatitisa C50-53,

Suprotno pojac¢anoj aktivnosti PCSK9 gena u bolesnika s
porodi¢nom hiperkolesterolemijom, klini¢kim je studijama do-
kazano da mutaciju s posljediéno smanjenom aktivnosti gena,
prate nize vrijednosti LDL-K-a za 11 — 28 % te mnogo manja po-
javnost KV dogadaja, manja intima — medija debljina karotid-
nih arterija i rjeda pojava periferne arterijske bolesti®*°.

Spomenuta su otkri¢a bila temelj za ideju farmakoloske in-
hibicije PCSK9 u bolesnika intolerantnih ili rezistentnih na
statine, zatim u onih s nasljednom ili primarnom hiperkoleste-
rolemijom te u svih visokoriziénih KV bolesnika koji ne postizu
ciljni LDL-K unato¢ optimalnoj terapiji. Rezultati do sada prove-
denih klini¢kih studija vrlo su obe¢avajuéi. Za razliku od pri-
je spomenutih mipomersena i lomitapida, u PCSK9 inhibitora
nije bilo znac¢ajnijih nuspojava, a postignuta je snaznija reduk-
cija LDL-K-a. IstraZzeno je viSe nacina inhibicije PCSK9. Dok je
prva faza klini¢kih ispitivanja s ,antisense” oligonukleotidima
prekinuta®, rezultati ispitivanja inhibicije PCSK9 monoklon-
skim protutijelima ili malom interferirajuéom RNA vrlo su obe-
¢avajuci. Male interferiraju¢e RNA vezu se za PCSK9 glasnicku
RNA i onemogucuju njezinu translaciju te produkciju PCSK9.
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and Drug Administration (FDA) for the treatment of the homozy-
gous hereditary hypercholesterolemia (Figure 1). Mipomersen is
a specific oligonucleotide that binds to ApoB messenger RNA
and inhibits its translation, i.e. the synthesis of ApoB (the pri-
mary structural apoprotein for LDL-C and other atherogenic li-
poproteins), and consequently also VLDL particles, which finally
results in lower LDL-C values. Lomitapide is an oral inhibitor for
the microsomal triglyceride transfer protein (MTP) and an im-
portant link in the production of VLDL in the liver®. Although
clinical trials showed a significant reduction in LDL-C values,
their effect on CV outcomes has not yet been examined. Due to
common side effects (increased buildup of fats in the liver and
severe skin reactions at the injection site for mipomersen), it is
not likely that these drugs will ever be approved for the treat-
ment of patients with statin intolerance and resistance**#3,

Proprotein convertase subtilisin/kexin type
9 (PCSK9)

PCSK9 inhibitors are new revolutionary drugs for the treat-
ment of elevated LDL-C values. The therapeutic use of PCSK9
inhibition was preceded by the discovery of a PCSK9 gene
mutation in patients with the dominant form of hereditary hy-
percholesterolemia in 2003%. It has been demonstrated that
the mutation of the PCSK9 gene is present in 10-25% of cases
of heterozygous hereditary hypercholesterolemia, resulting in
increased activity of the gene and elevated concentrations of
PCSK9 in the liver and in peripheral blood™s.

PCSK9 is an enzyme from the proteinase K similar proteins,
belonging to the secretory subtilisin group. It is primarily syn-
thetized in hepatocytes and secernated in the liver, where it
reaches the highest concentrations*®47,

The key role of PCSK9 is the regulation of LDL-R expression in
the liver. Binding the N-terminal end of the PCSK9 molecule to
LDL-R leads to it being internalized in the cell and broken down
with lysosomes (Figure 2). The result is a reduction in the amount
of cell LDL-R, lower clearance, and higher plasma LDL-C concen-
tration®®. Extrahepatic effects of PCSK9 include increased secre-
tion of chylomicrons and regulation of cholesterol absorption
in enterocytes?. Studies using animal models demonstrated a
strong effect of PCSK9 on the progression or regression of ath-
erosclerotic changes®. The results of these studies suggest that
PCSK9 does not only affect the metabolism of cholesterol but is
also involved in glucose metabolism, hepatocyte regeneration,
and susceptibility to hepatitis C virus infection®-52,

While the PCSK9 gene is more active in patients with famil-
ial hypercholesterolemia, clinical studies have shown that a
mutation that results in reduced activity of the gene is accom-
panied by a reduction in LDL-C levels of 11-28% and a signifi-
cantly lower incidence of CV events, lower carotid intima-me-
dia thickness, and less common peripheral arterial disease545°.

These discoveries were the basis for the idea of applying
pharmacological PCSK9 inhibition in patients with statin in-
tolerance or resistance, and later in those with hereditary or
primary hypercholesterolemia and in all high-risk CV patients
who do not achieve target LDL-C values despite optimal ther-
apy. The results of clinical trials have so far been very prom-
ising. As opposed to previously mentioned mipomersen and
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FIGURE 2. Regulation of hepatic LDL receptor expression and mechanism of LDL cholesterol reduction by PCSK9 inhibition

(adapted from Shimada YJ et al94).

Nakon uspje$nih pretklini¢kih pokusa na Zivotinjama, povo-
ljan u¢inak malih interferirajuéih RNA dokazan je i u prvoj fazi
klini¢kih istraZivanja, u kojima je postignuta 70 %-tna redukci-
ja slobodnog PCSK9 u plazmi i1 40 %-tna redukcija LDL-K-a°62,
Trenutacno je najaktualnija monoklonska inhibicija PCSK9
molekule. Alirokumab i evolokumab humana su monoklonska
protutijela koja vezu PCSK9, poveéavaju broj LDL-R-a i snizuju
koncentraciju LDL-K-a (slika 2). Bokocizumab je rekombinan-
tno humanizirano misje protutijelo na PCSK9. Dovr§eno je vise
klini¢kih istrazivanja 3. faze s alirokumabom (ODYSSEY Mono,
ODYSSEY COMBO I, ODYSSEY COMBO 1) i evolokumabom (DE-
CARTES, LAPLACE-2, GAUSS-2, MENDEL-2, RUTHERFORD-2,
OSLER-2, TESLA Part B), a takva klini¢ka istrazivanja s boko-
cizumabom jo$ su u tijeku®*64,

Alirokumab

Ucinkovitost je alirokumaba ispitana u vise od 6000 ispita-
nika s primarnom hiperkolesterolemijom koji nisu podnosi-
li statine ili nisu postizali ciljni LDL-K unato¢ maksimalnoj
podnosljivoj dozi hipolipemika.

ODYSSEY-MONO prva je studija s alirokumabom. Ispitivane
su ucinkovitost i sigurnost alirokumaba kao monoterapije u
odnosu prema ezetimibu u ispitanika s hiperkolesterolemijom
1 umjerenim KV rizikom (10-godisnji rizik od smrti zbog KV
dogadaja od 1 do 5 % prema SCORE alatu), prije toga nelije¢enih
statinima ili drugim hipolipemikom. U103 ispitanika s vrijedno-
stima LDL-K-a od 2,6 do 4,9 mmol/L, alirokumab je u usporedbi s
ezetimibom doveo do znatnog sniZenja LDL-K-a. U vecine ispita-

lomitapide, PCSK9 inhibitors did not show significant side ef-
fects, while achieving stronger LDL-C reduction. Multiple ways
of inhibiting PCSK9 have been studied. While the first phase
of clinical trials with antisense oligonucleotides has been dis-
continued®, trial results for PCSK9 inhibition with monoclonal
antibodies or small interfering RNA have been very promis-
ing. Small interfering RNA binds to PCSK9 messenger RNA
and prevent its translation and the production of PCSK9. After
successful pre-clinical animal model experiments, the benefi-
cial effect of small interfering RNA has been demonstrated in
the first phase of clinical trials, where a 70% reduction in free
plasma PCSK9 and a 40% reduction in LDL-C were achieved®62.

The most recent focus is monoclonal inhibition of the PCSK9
molecule. Alirocumab and evolocumab are human monoclonal
antibodies that bind PCSK9, increase the number of LDL-Rs,
and reduce LDL-C concentrations (Figure 2). Bococizumab is a
recombinant humanized mouse antibody against PCSK9. Mul-
tiple phase 3 clinical trials with alirocumab (ODYSSEY Mono,
ODYSSEY COMBO, ODYSSEY COMBO 1I) and evolocumab (DE-
CARTES, LAPLACE-2, GAUSS-2, MENDEL-2, RUTHERFORD-2,
OSLER-2, TESLA Part B) have been completed, while such trials
with bococizumab are still under way®364.

Alirocumab

The effectiveness of alirocumab was studied in over 6000
study participants with primary hypercholesterolemia that
had statin intolerance or did not achieve target LDL-C values
despite maximum tolerable hypolipidemic agent doses.
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nikaniZa doza alirokumaba od 75 mg jednom u dva tjednabila je
dovoljna za redukciju poc¢etnog LDL-K-a za 50 %°%°.

Studije ODYSSEY COMBO I (311 bolesnika) i ODYSSEY COM-
BO II (707 bolesnika) obuhvatile su ispitanike s hiperkoleste-
rolemijom i visokim KV rizikom, koji nisu postigli ciljne vri-
jednosti LDL-K-a unato¢ lije¢enju maksimalno podnosljivim
dozama statina (s dodatnom hipolipemijskom terapijom ili
bez nje). Usporedivan je u¢inak alirokumaba u odnosu prema
ezetimibu. Oba su ispitivanja potvrdila mnogo bolji ué¢inak
alirokumaba na LDL-K i druge ispitivane parametre lipida. U
ODYSSEY COMBO II studiji alirokumabom je nakon 24 tjedna
lijeGenja postignuto sniZzenje LDL-K-a za 50,6 %, dok je ezeti-
mib snizio LDL-K za 20,7 % (p < 0,0001). Takoder, mnogo je vise
ispitanika na alirokumabu postiglo ciljnu vrijednost LDL-K (<
1,8 mmol/L) u usporedbi s ispitanicima na ezetimibu (77 pre-
ma 45,6 %, p < 0,0001)%¢57. U ODYSSEY-OPTIONS dodatak aliro-
kumaba statinu rezultirao je mnogo ve¢om redukcijom LDL-
K-a negoli dodatak ezetimiba, udvostru¢enje doze statina ili
prebacivanje na potentniji rosuvastatin®®e°,

ODYSSEY FH1iODYSSEY FH Il ispitivale su u¢inkovitost i si-
gurnost alirokumaba u bolesnika s heterozogotnim oblikom po-
rodi¢ne hiperkolesterolemije. Ciljni LDL-K bio je definiran ovisno
o KV riziku: u bolesnika bez poznate KV bolesti < 2,6 mmol/L, a
kod poznate KV bolesti < 1,8 mmol/L. U 24. tjednu pracenja 72,2
% 1spitanika na alirokumabu postiglo je ciljni LDL-KuFHI, a 81,4
% U FHII (p<0,0001)"™. Povoljan u¢inak na LDL-K, uz dobru pod-
nosljivost alirokumaba, odrzan je do 78. tjedna prac¢enja’.

ODYSSEY LONG TERM, do sada najopseZnije istrazivanje s
alirokumabom, procjenjivalo je dugotrajnu sigurnost i podno-
Sljivost alirokumaba. Obuhvatilo je ¢ak 2341 visoko rizi¢nog
bolesnika (bolesnike s heterozigotnim oblikom porodi¢ne
hiperkolesterolemije s manifestnom KV bolesti ili bez nje
te bolesnike s primarnom hiperkolesterolemijom i koronar-
nom bolesti srca), koji nisu postigli ciljne vrijednosti LDL-K-a
unato¢ maksimalno podnosljivoj hipolipemijskoj terapiji, pri
¢emu je 44 % ispitanika primalo maksimalne dopustene doze
statina. Nakon 24 tjedna lije¢enja alirokumabom je postignu-
to smanjenje LDL-K-a za visokih 61,9 % te drugih znac¢ajnih
lipidnih parametara rizika — ApoB-a za 54,0 %, ne-HDL kole-
sterola za 52,3 %, lipoproteina(a) za 25,6 %, uz porast HDL-K-a
od 4,6 % (p < 0,0001). Ciljnu vrijednosti LDL-K-a < 2,6 mmol/L
postiglo je 76 % ispitanika na alirokumabu, u usporedbi sa
samo 2 % ispitanika u kontrolnoj skupini, a ciljnu vrijednosti
LDL-K-a < 1,8 mmol/L ¢ak 81 % ispitanika na alirokumabu u
odnosu prema 9 % u kontrolnoj skupini.

Evolokumab

Evolokumab je u nizu klini¢kih ispitivanja potvrdio visoku
ucéinkovitost i sigurnost. Iako je u¢inak lijeka bio sli¢an pri pri-
mjeni svaka dva ili svaka Cetiri tjedna™, kod primjene svaka
Cetiri tjedna postojale su vece fluktuacije vrijednosti LDL-K-a™.
U studiji MENDEL ukupno je 406 ispitanika s hiperkolesterole-
mijom 1 nepodnosenjem statina randomizirano u podskupine
koje su primale evolokumab od 70, 105 i 140 mg svaka 2 tjedna,
podskupine koje su primale 280, 350 i 420 mg svaka 4 tjedna
ili ezetimib. Evolokumab je pokazao veliku superiornost, a naj-
snazniji je u¢inak postignut dozom od 140 mg svaka 2 tjedna,
bez znacajnih nuspojava™. Studija MENDEL-2 ispitivala je
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ODYSSEY-MONO was the first study on alirocumab. The ef-
fectiveness and safety of alirocumab monotherapy was studied,
in comparison with ezetimibe, in patients with hypercholester-
olemia and moderate CV risk (10-year risk of death from CV events
of 1-5% according to the SCORE tool) who had not been previously
treated with statins or other hypolipidemic agents. In 103 patients
with LDL-C values of 2.6-4.9 mmol/L, alirocumab led to a signifi-
cant reduction in LDL-C values in comparison with ezetimibe. In
most participants, the lower alirocumab dose of 75 mg once per
two weeks was sufficient to reduce baseline LDL-C by 50%9.

The studies ODYSSEY COMBO I (311 patients) and ODYSSEY
COMBO II (707 patients) consisted of participants with hypercho-
lesterolemiaand high CVrisk thatdid notachieve target LDL-Cval-
ues despite treatment with maximum tolerable statin doses (with
or without additional hypolipidemic therapy). The effectiveness
of alirocumab in comparison with ezetimibe was studied. Both
studies demonstrated significantly better effects of alirocumab
on LDL-C values and other studied lipid parameters. In the ODYS-
SEY COMBO II, 24 weeks of treatment with alirocumab achieved a
reduction of LDL-C values of 50.6%, while ezetimibe reduced LDL-
C by 20.7% (p<0.0001). Furthermore, significantly more partici-
pants treated with alirocumab achieved target LDL-C values (<1.8
mmol/L) in comparison with participants treated with ezetimibe
(77.0% vs. 45.6%, p<0.0001)%%%". In the ODYSSEY-OPTIONS study,
adding alirocumab to a statin resulted in significantly larger re-
duction of LDL-C values than adding ezetimibe, doubling the sta-
tin dose, or changing to the more potent rosuvastatin®®°.

The studies ODYSSEY FHIand ODYSSEY FH Il examined the
effectiveness and safety of alirocumab in patients with hete-
rozygous familial hypercholesterolemia. Target LDL-C values
were defined based on CV risk: in patients with no diagnosed
CV disease as <2.6 mmol/L, and as <1.8 mmol/L in those with
already diagnosed CV diseases. At 24-week follow-up, 72.2% of
participants using alirocumab achieved target LDL-C values in
FH I and 81.4% in FH II (p<0.0001)™™, The beneficial effect on
LDL-C, along with good tolerance of alirocumab, was still pre-
sent at 78-week follow-up™.

ODYSSEY LONG TERM, currently the broadest study on ali-
rocumab, assessed the long-term safety and tolerability of ali-
rocumab. It encompassed as many as 2341 high-risk patients
(patients with heterozygous familial hypercholesterolemia with
or without manifest CV diseases and patients with primary hyper-
cholesterolemia and coronary heart disease) who did not achieve
target LDL-C values despite maximum tolerable hypolipidemic
therapy, with 44% of the participants taking maximum safe doses
of statins. After 24 weeks of treatment, alirocumab achieved a high
reduction in LDL-C values of 61.9%, as well as reduction of other
significant lipid risk parameters — ApoB by 54.0%, non-HDL choles-
terol by 52.3%, and lipoprotein(a) by 25.6%, along with an increase in
HDL-C of 4.6% (p<0.0001). Target LDL-C values of <2.6 mmol/L were
achieved in 76% of participants taking alirocumab, in comparison
with just 2% of participants in the control group, and the target val-
ue of <1.8 mmol/L was achieved by as much as 81% of participants
taking alirocumab in comparison with 9% in the control group”.

Evolocumab

Evolocumab has proven its high effectiveness and safety in a
number of clinical trials. Although the effect of the drug was
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ucéinkovitost, sigurnost i podnosljivost evolokumaba u uspo-
redbi s ezetimibom i placebom u ispitanika s hiperkolestero-
lemijom i visokim KV rizikom. Evolokumab je snizio LDL-K za
55 — 57 % viSe negoli placebo te za 38 —40 % viSe negoli ezetimib
(u oba slu¢aja p < 0,001)”. U studiji LAPLACE-TIMI 57 bolesnici
s hiperkolesterolemijom lije¢eni statinima bili su randomizi-
rani u podskupine koje su primale razli¢ite doze evolokumaba
u razli¢itim vremenskim intervalima (svaka dva i svaka ¢etiri
tjedna). Nakon 12 tjedana postignuta je snazna redukcija LDL-
K-a ovisna o dozi evolokumaba (42 — 66 % kod primjene sva-
ka dva tjedna i 41 — 50 % kod primjene svaka Cetiri tjedna)™.
Studija LAPLACE-2 usporedivala je evolokumab u razli¢itim
dozamaivremenu primjene (140 mg svaka dva tjedna i 420 mg
jednom mjesec¢no) s placebom i ezetimibom, u 1896 ispitanika
s primarnom hiperkolesterolemijom i mijeSanom dislipidemi-
jom, lije¢enih umjerenim i visokim dozama statina. Nadeno je
da evolokumab dodan statinima mnogo bolje snizuje LDL-K (za
66 — 75 %, ovisno o dozi) nakon 10 do 12 tjedana u usporedbi s
ezetimibom ili placebom™.

Studija DESCARTES s evolokumabom randomizirala je
ispitanike u Cetiri skupine, ovisno o KV riziku i inicijalnoj
vrijednosti LDL-K-a: na ispitanike koji nisu primali dodatnu
hipolipemijsku terapiju, na one koji su uz evolukumab primali
atorvastatin 10 mg ili atorvastatin u dozi od 80 mg te na ispi-
tanike koji su uz evolokumab primali dvojnu terapiju atorva-
statinom 80 mg i ezetimibom 10 mg. SnaZni povoljni uéinci
evolokumaba na LDL-K dokazani su u svim ¢etirima skupi-
nama. Osim povoljnog u¢inka na LDL-K, dokazano je i znatno
snizenje ostalih lipidnih ¢imbenika KV rizika — apolipoprote-
ina B, lipoproteina(a) i triglicerida®.

Studija GAUSS je ispitivala uéinkovitost i podnosljivost
evolokumaba u ispitanika koji nisu podnosili statine zbog mi-
jalgije ili miopatije. Pritom je ispitivan evolokumab u dozi od
280 mg, 350 mg 1 420 mg te evolokumab 420 mg u kombinaciji
s ezetimibom 10 mg. U¢inak evolokumaba i kombinacije us-
poredivan je s ezetimibom 10 mg. Evolokumab je u svim do-
zama doveo do znatne redukcije LDL-K-a (za 40 — 65%, ovisno
o dozi), pri ¢emu je mijalgiju imalo samo 7,4 % ispitanika na
evolokumabu, 20 % ispitanika na kombinaciji evolokumaba i
ezetimiba te 3,1 % ispitanika na ezetimibu i placebu®. Studija
GAUSS-2 takoder je ukljucivala ispitanike s hiperkolesterole-
mijom i statinskom intolerancijom®?#®, Ispitanici su primali
evolokumab 140 mg svaka dva tjedna ili 420 mg jednom mje-
secno, dok je kontrolna skupina primala ezetimib. Evoloku-
mab je u usporedbi s ezetimibom doveo do znatnije redukcije
vrijednosti LDL-K-a uz niZu pojavnost mii¢nih nuspojava (12
% na evolokumabu, 23 % na ezetimibu).

Studija RUTHERFORD dokazala je visoku u¢inkovitost evo-
lokumaba u bolesnika s heterozigotnim oblikom nasljedne hi-
perkolesterolemije (167 ispitanika) i visokim LDL-K-om unato¢
uzimanju maksimalno podnosljivih doza statina®. U studiji
RUTHERFORD-2 treé¢ina je ispitanika uzimala maksimalno
podnosljive doze statina, a dvije treéine uz statine i ezetimib.
Randomizirani su u skupine na evolokumabu 140 mg svaka
dva tjedna i evolokumabu 420 mg jednom mjesec¢no te na kon-
trolnu skupinu na placebu. U objema skupinama s evolokuma-
bom nakon 12 tjedana postignuto je znatno sniZenje LDL-K-a
(za 59,2 % na 140 mg i 61,3 % na 420 mg) (p < 0,0001)%.

similar when taken every two and every four weeks™, larger
fluctuations in LDL-C values were present in four-week doses™.
The MENDEL study included a total of 406 participants with
hypercholesterolemia and statin intolerance randomized into
subgroups taking evolocumab in doses of 70, 105, and 140 mg
every 2 weeks, subgroups taking 280, 350, and 420 mg every
4 weeks, and taking ezetimibe. Evolocumab was shown to be
greatly superior, and the strongest effect was achieved with the
dose of 140 mg every 2 weeks, with no significant side effects’.
The MENDEL-2 study assessed the effectiveness, safety, and
tolerability of evolocumab in comparison with ezetimibe and
placebo in participants with hypercholesterolemia and high
CV risk. Evolocumab reduced LDL-C values by 55-57% more in
comparison with placebo and 38-40% more in comparison with
ezetimibe (p<0.0001 in both cases)”. The LAPLACE-TIMI study
randomized 57 patients with hypercholesterolemia who were
treated with statins into subgroups taking different doses of evo-
locumab in different intervals (every two and every four weeks).
A significant reduction in LDL-C values was achieved after 12
weeks, depending on the evolocumab dose (42-66% when taken
every two weeks and 41-50% when taken every four weeks).
The LAPLACE-2 study compared evolocumab at different doses
and intervals (140 mg every two weeks and 420 once per month)
with placebo and ezetimibe in 1896 participants with primary
hypercholesterolemia and mixed dyslipidemia that were treated
with moderate and high doses of statins. It was found that add-
ing evolocumab to statin treatment reduces LDL-C values sig-
nificantly more (by 66-75%, depending on the dose) after 10 to 12
weeks in comparison with ezetimibe or placebo™.

The DESCARTES study with evolocumab randomized partici-
pants into four groups based on CV risk and initial LDL-C values,
consisting of participants receiving no additional hypolipidem-
ic therapy, those that in addition to evolocumab also received
atorvastatin 10 mg or atorvastatin 80 mg, and participants that
received combination therapy consisting of atorvastatin 80
mg and ezetimibe 10 mg in addition to evolocumab. The strong
beneficial effects of evolocumab were demonstrated in all four
groups. In addition to the beneficial effect on LDL-C values, the
study also found a significant reduction in other lipid CV risk
factors — apolipoprotein B, lipoprotein(a), and triglycerides®.

The GAUSS study examined the effectiveness and toler-
ability of evolocumab in participants with statin intolerance
due to myalgia or myopathy. Evolocumab doses of 280 mg, 350
mg, and 420 mg were tested, as well as evolocumab 420 mg in
combination with ezetimibe 10 mg. The effect of evolocumab
and the combination treatment was compared with ezetimibe
10 mg. At all doses, evolocumab achieved a significant reduc-
tion of LDL-C (40-65%, depending on the dose), with myalgia
being present in only 7.4% participants using evolocumab, 20%
of participants taking combination evolocumab and ezetimibe
treatment, and 3.1% of participants receiving ezetimibe and
placebo®. The GAUSS-2 study also included participants with
hypercholesterolemia and statin intolerance®®. The study
participants received evolocumab 140 mg every two weeks
or 420 mg once per month, while the control group was given
ezetimibe. Evolocumab led to a more significant reduction in
LDL-C values with a lower incidence of muscle side effects
in comparison with ezetimibe (12% for evolocumab, 23% for
ezetimibe).
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Studija TESLA dokazala je povoljan u¢inak evolokumaba u
bolesnika s homozigotnim oblikom porodi¢ne hiperkolestero-
lemije, lijjecenih maksimalnim podno$ljivim dozama statina
1 drugom hipolipemijskom terapijom, pri ¢emu je nakon 12
tjedana lije¢enja evolokumabom postignuto dodatno snize-
nje LDL-K-a od 31 % u odnosu prema placebu, bez znac¢ajnih
nuspojava®. Studija OSLER ispitivala je u¢inak evolokumaba
na LDL-K, ali i na KV ishode. Ukupno 4465 ispitanika rando-
mizirano je u skupine koje su primale 140 mg evolokumaba
svaka 2 tjedna i 420 mg jednom mjesecno. Tijekom 11,1 mje-
seca prac¢enja evolokumab je snizio LDL-K za 61 % (s prosjec-
nih 3,1 mmol/L na 1,2 mmol/L, p < 0,001). Zajednicki KV ishodi
(smrtnost, akutni koronarni sindrom, zatajivanje srca, moz-
dani udar ili TIA) nakon godinu dana u kontrolnoj su skupini
iznosili 2,18 %, a u skupini na evolokumabu 0,95 % (HR 0,47; 95
% C10,28 — 0,78; p = 0,003). Vedi je dio bolesnika prije randomi-
zacije primao statine (69,7 % u skupini s evolokumabom i 70,9
% U kontrolnoj skupini na placebu)®”.

Studija GLAGOV s evolokumabom procijenit ¢e u¢inke niske
koncentracije LDL-K-a na regresiju volumena aterosklerotsko-
ga plaka u bolesnika s poznatom koronarnom bolesti srca®.

Bokocizumab

U fazi 2b klini¢kih istrazivanja s bokocizumabom postignuto
je znatno sniZenje vrijednosti LDL-K-a u ispitanika s hiperkole-
sterolemijom lije¢enih statinima. Uklju¢ena su 354 ispitanika,
a ispitivane su doze od 50 mg, 100 mg 1 150 mg bokocizumaba
svaka dva tjedna te doze od 200 mg i 300 mg jednom mjese¢no
kroz 12 tjedana. Bokocizumab je u svim dozama i ucestalosti
davanja ostvario znac¢ajan povoljan u¢inak na LDL-K u uspo-
redbi s placebom, pri ¢emu su najsnazniju redukciju LDL-K-a
ostvarile doze od 150 mg svaka dva tjedna i 300 mg jednom
mjese¢no®. Klini¢ka istraZivanja 3. faze s bokocizumabom za-
poceta su u listopadu 2013. godine. Ukljucuju dvije studije koje
primarno ispituju KV ishode (SPIRE-I i SPIRE-II) te vise studija
s ispitivanjem ucinka bokocizumaba na razlicite lipidne para-
metre, a uklju¢uju ispitanike s hiperkolesterolemijom i visokim
KV rizikom, rezistentne na statine. Primarni je cilj studije SPI-
RE-lispitatidali sniZenje LDL-K-a ispod vrijednosti preporuce-
nih u postoje¢im smjernicama dodatno povoljno djeluje na KV
ishode u visokorizi¢nih ispitanika s inicijalnim LDL-K-om od
1,81 do 2,59 mmol/L®. Studija SPIRE-II ispitivat ¢e u¢inkovitost
i sigurnost bokocizumaba u visokorizi¢nih bolesnika koji nisu
postigli ciljnu vrijednost LDL-K-a < 2,59 mmol/L unato¢ terapiji
statinima ili u onih koji statine ne podnose®. U objema nave-
denim studijama poc¢etna doza bokocizumaba je 150 mg svaka
dva tjedna.

Dodatni ucinci inhibitora PCSK9

Osim povoljnog uc¢inka na LDL-K, inhibitori PCSK9 poka-
zali su 1 dodatne povoljne hipolipemijske uc¢inke. Poviseni
lipoprotein(a) neovisan je ¢imbenik KV rizika u bolesnika lije-
¢enih statinima s niskim LDL-K-om®°. Inhibitori PCSK9 snizuju
Apo(a) za oko 30 %, Sto implicira moguc¢e dodatne kardioprotek-
tivne u¢inke povrh onih postignutih utjecajem na LDL-K.

O Cardiologia Croatica
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The RUTHERFORD study demonstrated the high effective-
ness of evolocumab in patients with the heterozygous heredi-
tary hypercholesterolemia (167 participants) and high LDL-C
despite taking the maximum tolerable statin dose®. In the
study RUTHERFORD-2, a third of the participants took maxi-
mum tolerable statin doses, and two thirds received ezetimibe
in addition to statins. The participants were randomized into
groups that received evolocumab 140 mg every two weeks, evo-
locumab 420 mg once per month, and the control group taking
placebo. In both groups on evolocumab, significant reduction
in LDL-C values was achieved after 12 weeks (59.2% for 140 mg
and 61.3% for 420 mg doses) (p<0.0001)8.

The TESLA study demonstrated the positive effect of evo-
locumab in patients with homozygous familial hypercholester-
olemia treated with maximum tolerable statin doses and other
hypolipidemic therapy, with evolocumab treatment achieving
an additional LDL-C reduction of 31% after 12 weeks in compar-
ison with placebo, with no significant side effects®. The OSLER
study examined the effect of evolocumab on LDL-C values as
well as CV outcomes. A total of 4465 participants were rand-
omized in groups taking 140 mg evolocumab every 2 weeks
and 420 mg once per month. During 11.1 months of follow-up,
evolocumab reduced LDL-C values by 61% (from an average of
3.1 mmol/L to 1.2 mmol/L, p<0.001). Combined cardiovascular
outcomes (mortality, acute coronary syndrome, heart failure,
stroke, or TIA) were 2.18% after one year in the control group,
and 0.95% in the evolocumab group (HR 0.47; 95% CI 0.28-0.78;
p=0.003). Before randomization, most patients were receiving
statins (69.7% in the evolocumab group and 70.9% in the control
group receiving placebo).#”

The GLAGOV study with evolocumab will assess the effects
of low LDL-C concentrations on volume regression of athero-
sclerotic plaque in patients with already diagnosed coronary
heart disease®.

Bococizumab

Phase 2b clinical trials with bococizumab achieved significant
reduction of LDL-C values in participants with hypercholester-
olemia treated with statins. The trials included 354 participants
receiving doses of bococizumab 50 mg, 100 mg, and 150 mg eve-
ry two weeks and doses of 200 mg and 300 mg once per month
over the course of 12 weeks. Bococizumab achieved a significant
beneficial effect on LDL-C values in comparison with placebo at
all doses and intervals, with the strongest reduction in LDL-C
being achieved by doses of 150 mg every two weeks and 300 mg
once per month®. Phase 3 clinical trials with bococizumab be-
gan in October 2013. They include two studies which primarily
assess CV outcomes (SPIRE-I and SPIRE-II) and multiple studies
assessing the effects of bococizumab on various lipid param-
eters, consisting of participants with hypercholesterolemia and
high CV risk who were resistant to statins. The primary aim of
the SPIRE-I study is to examine whether LDL-C reduction below
values recommended in current guidelines has an added benefi-
cial effect on CV outcomes in high-risk participants with initial
LDL-C values of 1.81 to 2.59 mmol/L®. The SPIRE-II study will
examine the effectiveness and safety of bococizumab in high-
risk patients who have not achieved the target LDL-C value of
<2.59mmol/L despite statin therapy or in those with statin intol-
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Sigurnost inhibitora PCSK9

U navedenim studijama, uz u¢inkovitost, ispitivana je i sigur-
nost inhibitora PCSK9. Nije bilo znacajne razlike u javljanju
blagih i teZzih nuspojava izmedu ispitivanih monoklonskih
protutijela i komparativnih lijekova ili placeba™#. U manje
od 2 % ispitanika na inhibitorima PCSK9 pojavljivao se porast
aminotransferaza za vise od tri puta od gornje granice nor-
male. Jednako je rijedak bio i porast CK®.

Najc¢escée nuspojave inhibitora PCSK9 bile su nazofaringitis,
infekcije gornjega diSnog sustava, simptomi nalik gripi i bol
u ledima. Reakcije na ubodnom mjestu supkutane primjene
lijeka pojavile su se u 2 % ispitanika na alirokumabu 14 % na
evolokumabu®?. Uc¢estalost prekida lije¢enja zbog nuspojava
nije se znatno razlikovala izmedu inhibitora PCSK9 (aliroku-
maba i evolokumaba) i komparatora (2 =10 %)%.

Zakljucak

Vrijednosti LDL-K-a povezane s najpovoljnijim KV ishodima
u osoba s visokim i vrlo visokim rizikom vrlo su niske (< 2,6
1< 1,8 mmol/L). Postizanje niskih vrijednosti veliki je izazov
kakav dosadasnji hipolipemici ¢esto ne dostizu. Otkri¢e no-
vih reqgulatornih mehanizama uklju¢enih u metabolizam li-
poproteina otvorilo je put novim farmakoloskim pristupima u
lije¢enju povisenog LDL-K-a.

Spoznaje uloge PCSK9 u ekspresiji LDL-R-a i u klirensu
LDL-K-a potaknule su brzi razvoj novih skupina lijekova®:.
Od nekoliko istrazivanih skupina inhibitora PCSK9 najsnaz-
niji razvoj doZivijela su monoklonska protutijela. Alirokumab,
evolokumab i1 bokocizumab snizuju vrijednost LDL-K-a za 50
—70%, uz dobru podnosljivost i visoku sigurnost. Veliki izazov
u njihovoj prakti¢noj primjeni svakako c¢e biti cijena, a dije-
lom i supkutani naéin primjene. Povoljan utjecajna KV ishode
registriran je u studiji OSLER s evolokumabom te se ispituje
u nizu klini¢kih istraZivanja. Rezultati spomenutih studija
sigurno ¢e dati jasniju sliku o klini¢koj djelotvornosti i eko-
nomskoj isplativosti inhibitora PCSK9 u odabranih skupina
bolesnika.

erance®. Both of these studies use a starting bococizumab dose
of 150 mg every two weeks.

Additional effects of PCSK9 inhibitors

In addition to a beneficial effect on LDL-C, PCSK9 inhibitors have
also showed other beneficial hypolipidemic effects. Elevated
lipoprotein(a) is an independent CV risk factor in patients treated
with statins with low LDL-C?. PCSK9 inhibitors reduced Apo(a) by
approximately 30%, implying possible additional cardioprotective
effects beyond those achieved by influencing LDL-C values.

PCSK?9 inhibitor safety

The abovementioned studies also assessed the safety of PCSK9
inhibitors in addition to their effectiveness. There was no sig-
nificant difference in the incidence of mild and more severe
side effects between the assessed monoclonal antibodies and
comparative drugs or placebo™®. Less than 2% of participants
receiving PCSK9 inhibitors presented with aminotransferase
elevations of three or more times the upper limit of normal val-
ues. CK elevation was equally rare®.

The most common PCSK9 inhibitor side effects were naso-
pharyngitis, upper respiratory tract infections, flu-like symp-
toms, and back pain. Reactions at the subcutaneous site of
drug injection were present in 2% of the study participants on
alirocumab and 4% of those on evolocumab®?. The incidence of
treatment termination due to side effects did not differ signifi-
cantly between PCSK9 inhibitors (alirocumab and evolocum-
ab) and comparison drugs (2-10%)%.

Conclusion

LDL-C values associated with the most positive CV outcomes
in persons with high and very high risk are very low (<2.6 and
<1.8 mmol/L). Achieving low values is a great challenge, and cur-
rently patients often fail to achieve them with hypolipidemic
therapy. The discovery of new regulatory mechanisms involved
in lipoprotein metabolism has opened the way to new pharma-
cological approaches for the treatment of elevated LDL-C.

Discovering the role of PSCK9 in LDL-R expression and LDL-
C clearance has spurred the rapid development of new groups
of drugs®. Of the several groups of PCSK9 inhibitors, monoclo-
nal antibodies have seen the most development. Alirocumab,
evolocumab, and bococizumab reduce LDL-C values by 50-70%,
with good tolerance and high safety. A great challenge in their
practical application will undoubtedly be their price, and also
in part their subcutaneous application. A beneficial effect on
CV outcomes has been found in the OSLER study with evo-
locumab and is being assessed in a series of clinical trials. The
results of these studies will certainly give a clearer picture of
the clinical effectiveness and cost-effectiveness of PCSK9 in-
hibitors in chosen groups of patients.
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