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Abstrakt. Pacienti s akitnym korondrnym syndromom (AKS)
i po optimalnej liecbe akutneho ochorenia a i pri optimalnej
liecbe v ramci sekundarnej naslednej prevencii maju nadalej
vysoké kardiovaskularne (KV) riziko morbidity a mortality.
Intenzivnejsia liecba dyslipidémie, dalSia redukcia sérového
LDL cholesterolu (LDL-Ch), by mali zlepsit progn6zu pacientov,
¢o bola hypotéza tejto studie s liecbou alirokumabom (PCSK9
inhibitorom) versus placebom pri ostatnej standardnej liecbe.
V studii bolo zaradenych 18 924 pacientov, randomizovanych
k tejto liecbe v obdobi 1 — 12 mesiacov po AKS.V ramene aktiv-
nej liecby doslo k dalsej redukcii sérového LDL-Ch (z trovne 2,62
na uroven 1,37 mmol/l, redukcia 54,7 %). Tento pokles LDL-Ch
viedol k redukcii primarneho end-pointu (korondrne umrtie/
nefatdlny infarkt a cievna mozgové prihoda/hospitalizacia
pre nestabilnu anginu pektoris) o 15 % (Statisticky vyznamne,
S), aj jeho komponenty boli vyznamne priaznivo ovplyvnené
a celkova mortalita bola redukovana tiez o 15 % (S). Benefit
bol najvy3si v podskupine pacientov, ktori do $tudie vstupovali
s najvyssou sérovou hladinou LDL-Ch, t. j. = 2,6 mmol/I: primarny
endpoint bol tu redukovany o 29 % (S) a KV mortalita o 31 %
(S). Liecba bola bezpecna.

Odkazom s$tudie je vyznamna redukcia vyskytu KV prihod
(mortality, nefatalnych infarktov myokardu i mozgovych
prihod, nestabilnej anginy pektoris) u chorych s AKS po-
mocou alirokumabu - pricom vsetci pacienti mali zname-
nitu standardnu lie¢bu ochorenia, vratane pouzitia silnych
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Abstract. Patients suffering acute coronary syndrome (ACS),
even with optimal treatment of ACS and optimal secondary
prevention treatment afterwards, still have a very high cardio-
vascular (CV) risk of morbidity and mortality.

More intensive treatment of dyslipidemia, with further reduc-
tion of serum LDL-Ch levels, to improve the prognosis of these
patients — was the hypothesis of this study, with alirocumab
(PCSK9 inhibitor) treatment versus placebo treatment. There
were 18 924 patients in this study, randomized for the men-
tioned treatment in the time period of 1 - 12 months after
ACS. In the active arm treatment there was a further reduction
of serum LDL-Ch level (from 2.62 to 1.37 mmol/Il, reduction of
54.7%). This serum LDL-Ch reduction contributed to a reduction
of primary end-point (coronary mortality/nonfatal myocardial
infarction and stroke/hospitalization for unstable angina pecto-
ris) of 15% (significantly, S), but also components of this end-
point were successfully reduced, and all-cause mortality too by
15% (S). The best benefit was in the subgroup of patients with
the highest serum level of LDL-Ch, > 2.6 mmol/I: the primary
end-point was reduced by 29% (S) and CV mortality by 31%
(S). The treatment was safe.

The message of this study is the great reduction of CV events
(mortality, nonfatal myocardial infarctions and strokes, unstable
angina pectoris) in patients with an ACS treated by alirocumab;
and all patients had an excellent standard treatment of this
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statinov vo vysokych davkach. Najviac z lie¢by profitovali
pacienti s najvy$sou vstupnou sérovou hladinou LDL-Ch
(= 2,6 mmol/l). Obr. 7, Tab. 1, Lit. 21, online full text (Free,
PDF), www.cardiologyletters.sk

Klucové slova: akuttny korondrny syndrém — hypercholesterolémia
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disease, with strong and high doses of statins included. Patients
with the highest basal serum LDL-Ch levels (= 2.6 mmol/l)
profited the most. Fig. 7, Tab. 1, Ref. 21, online full text (Free,
PDF), www.cardiologyletters.sk

Key words: acute coronary syndrome - hypercholesterolemia —
alirocumab - cardiovascular events

Predo sa tato studia naplanovala
(Uvedenie problému studie)

Napriek akutnej i ndslednej modernej lie¢be chorych
s akdatnym korondrnym syndrémom (AKS), t. j. pohotova
korondrna revaskularizdcia a nasledne dlhodoba dudlna
antitromboticka liecba, lie¢ba v rdmci sekundarnej kar-
diovaskularnej (KV) prevencie podla odporucani, vratane
intenzivnej liecby silnym statinom, su tito pacienti dalej vo
vysokom riziku vyskytu zavaznych KV prihod, najmi v ob-
dobi po prepusteni (1, 2, 3). Udaje z registrov preukazali,
ze KV mortalita v obdobi piatich rokov po prekonani AKS
je v trovni az 13 %, a asi Styri z piatich umrti sa udeje
v prvych mesiacoch po prepusteni (4).

Intenzivna statinova lie¢ba (atorvastatin ¢i rosuvastatin
vo vysokych davkach tolerovanych pacientom) je schopna
redukovat sérové hladiny LDL-Ch okolo 50 %, ale asociacia
»redukcie LDL-Ch s redukciou KV (prihod)“ nema jasnu
prahovt hodnotu, t. j. ak pdjdeme s redukciou LDL-Ch v sére
dalej, dosiahneme aj dal$iu redukciu KV prihod (5). Treba
tiez dodat, Ze u chorych po prekonanom AKS ¢i u chorych
s chronickou ischemickou chorobou srdca (ICHS), byva na-
sledné KV riziko vyvoja dalsich (rekurentnych) KV prihod
velmi vysoké a je vo vztahu k sérovej hladine LDL-Ch (1,
6, 7). Okrem toho mame i chorych, ktori statinovu liecbu
netoleruji a mame i chorych, u ktorych napriek intenziv-
nej statinovej liecbe st sérové koncentracie LDL-Ch stdle
vysoké (8, 9).

Asi nie je prekvapenim tuzba (otazka) ¢i k liecbe statinmi
(hoci i silnym a vo vysokej davke) nemozno pridat dalsiu
liecbu, ktora vyrazne zredukuje sérovi koncentraciu LDL-Ch
(ovela viac ako pridanie ezetimibu) a mozno i koncentracie
inych aterogénnych lipoproteinov - vsetko s tizbou a cielom
vyznamne a eSte viac redukovat KV riziko tychto chorych.

Proprotein konvertaza subtilizin/kexin typ 9 (PCSK9) je
bielkovina - a je to regulator expresie LDL receptorov na
hepatocytoch, preto ma potom vyznamnu tlohu pri riadeni
(ur¢ovani) sérovych koncentracii LDL-Ch (10). Isté pozorova-
nia u o0sob s genetickym polymorfizmom PCSK9 podporuju
vyznamnu tlohu tohto proteinu v nachylnosti/podpore k ate-
rosklerdze. Su dva vyhranené typy mutdcie proteinu PCSK9:
1. tzv. “loss-of-function” mutdcia (inaktivita ¢i nepritomnost
funkcie PCSK9) znamena u osoby, ze ma celozivotne nizke
sérové koncentracie LDL-Ch a stcasne nizku incidenciu pri-

Why was this study planned?
(Introduction)

Despite acute, and the immediately-following modern treat-
ment of patients with acute coronary syndrome (ACS), i.e.
immediate coronary revascularization and successive long-term
dual antithrombotic treatment, secondary cardiovascular (CV)
prevention treatment according to the Guidelines and includ-
ing high dose statin therapy, these patients are still at very
high risk of serious CV events, especially during the period
after discharge from hospital (1, 2, 3). Data from registries
have shown that CV mortality in the 5 years following ACS
is approximately 13%, and 4 from 5 deaths come in the first
months after discharge (4).

Intensive statin treatment (atorvastatin or rosuvastatin in
high doses tolerated by the patient) is able to reduce serum
levels of LDL cholesterol (LDL-C) by 50%, but association
of LDL-C reduction with CV events reduction does not
have a clear threshold. This means that further reduction of
LDL-C leads to a greater reduction of CV events (5). Also
important to mention here is that in patients after a CV
event or with ischemic heart disease (IHD) the subsequent
risk of further (recurrent) CV events is very high and is
related to serum LDL-C level (1, 6, 7). Moreover, there are
also patients who do not tolerate statin treatment and also
patients, who despite intensive statin treatment, have high
LDL-C levels (8, 9).

Therefore, a valid and important question arises: whether
some other drug can be added to intensive and high dose
statins, which would significantly decrease (more than
ezetimibe) LDL-C levels and maybe also concentrations of
other atherogenic lipoproteins, with the goal of the further
reduction of CV risk of those patients.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is
a protein which regulates the amount of LDL receptors on
the hepatocytes, so playing an important role in regulation of
LDL-C serum levels (10). Observations in persons with genetic
polymorphism of PCSK9 support the idea of the important
role of this protein in development of atherosclerosis. There
are two well-marked types of PCSK9 mutations: 1/ “loss-of-
function” mutation (inactivity or absence of PCSK9) causes
life-long low levels of LDL-C and low incidence of IHD and
CV events, and 2/ “gain-of-function” mutation (increased
activity of PCSK9) with opposite effect of the former, i.e.
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hod v ramci ICHS a 2. tzv. “gain-of-function” mutacia (kde
je aktivita a posobenie proteinu PCSK9 vyrazné) znamend
opak predchadzajiceho, t. j. vysokd sérovu hladinu LDL-Ch
celoZivotne (tieto osoby maju mélo alebo ,,ziadne“ LDL recep-
tory na hepatocytoch v dosledku posobenia proteinu PCSK9
pri destrukcii LDL receptorov intraceluldrne v hepatocytoch)
a nasledne vysoku a pred¢asnu incidenciu ICHS prihod (11,
12). Okrem toho aj statiny vedia upregulovat (t. j. zvysit)
expresiu PCSK9, ¢im obmedzuju svoju t¢innost v redukcii
sérového LDL-Ch (13).

Alirokumab je plnohodnotnou humannou monoklonalnou
protilatkou proti proteinu PCSK9. V $tadiach alirokumab
preukazal redukciu LDL-Ch podobne ako intenzivna statinova
lie¢ba (t. j. ako silné statiny a vo vysokej davke) (14). V kom-
binovanej liecbe, t. j. alirokumab a intenzivna statinova liecba
dochadza potom navyse k vyznamnej redukcii sérovej hladiny
LDL-Ch (15, 16). Roth et al. (2012) preukazali u pacientov
s LDL-Ch > 2,6 mmol/l pri liecbe atorvastatinom 10 mg
denne nasledné skutocnosti: a) zvySenie davky atorvastatinu
na 80 mg denne viedlo k dal$iemu 17 % zniZeniu sérového
LDL-Ch, ale b) pridanie alirokumabu 150 mg s.c. dvakrat
mesacne k liecbe pacientov liecenych atorvastatinom v dav-
ke 80 mg denne viedlo k dalsej redukcii sérového LDL-Ch
0 73 % (17). Liecba alirokumabom je dobre tolerovana a len
ojedinele sa vyskytuji mierne lokdlne kozné reakcie po vpi-
choch alirokumabu.

Co si studia ODYSSEY OUTCOMES predsavzala
riesit

Tato $tudia testovala platnost hypotézy, ze ,alirokumab
v porovnani s placebom® bude redukovat kardiovaskuldrnu
mortalitu i morbiditu u pacientov s nedavno prekonanym
akatnym korondrnym syndromom, ktori sticasne napriek
intenzivnej statinovej liecbe (atorvastatin, rosuvastatin) maja
sérové hladiny lipoproteinov vyssie ako to pozaduju dne$né
odporucania pre liecbu tychto chorych.

AKi pacienti v $tadii ODYSSEY OUTCOMES boli, aky
bol dizajn stadie

Stadia (obrazok 1) bola medzinirodnd, multicentricks,
randomizovana, dvojito-slepa a placebom kontrolovana, zaht-
nala 18 924 pacientov s nedavnym AKS: hospitalizovani pre
koronarnu obstrukciu v obdobi 4 - 52 tyzdnov pred rando-
mizaciou, pri¢om zaradenie pacienta vyzadovalo k tomu este
aspon pritomnost elevicie biomarkerov nekrozy v sére alebo
ischemické ¢i infarktové EKG zmeny s regiondlnou poruchou
kinetiky steny lavej komory ¢i s perfuznym defektom, alebo
s > 70 % epikardidlnou korondrnou stenézou pri angiografii
¢i s potrebou korondrnej revaskularizacie. Pacienti mali >
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life-long increased LDL-C level (these persons have decreased
amount of LDL receptors on hepatocytes caused by PCSK9
mediated increased intracellular destruction of these recep-
tors in hepatocytes) with subsequent high and premature
incidence of IHD and CV events (11, 12). Moreover, statins
can upregulate the expression of PCSK9, leading to decreased
efficacy in the reduction of serum LDL-C (13).

Alirocumab is a fully-functional human monoclonal
antibody against PCSK9. Clinical studies with alirocumab
have shown reduction of LDL-C similar to intensive statin
treatment (14). Combined treatment with alirocumab and
intensive statin therapy leads to further significant decrease of
LDL-C (15, 16). Roth et al (2012) have shown that in patients
with LDL-C > 2.6 mmol/l increasing the dose of atorvastatin
to 80mg caused a further 17% decrease of LDL-C, but adding
alirocumab 150mg twice a month subcutaneously in patients
treated with atorvastatin 80mg led to further LDL-C reduction
by 73% (17). Treatment with alirocumab was well tolerated
and the most common adverse effects were minor local skin
reactions after alirocumab injections.

What was the goal of this study?

Aim of this study was to test the hypothesis that
alirocumab compared to placebo will reduce cardiovascular
mortality and morbidity in patients with recent acute coro-
nary syndrome who have despite intensive statin treatment
(atorvastatin, rosuvastatin) higher levels of serum lipoproteins
than those required by current Guidelines.

What kind of patients were in the study? What was its
design?

The ODYSSEY OUTCOMES study (Figure 1) was an
international, multicentric, randomized, double-blind placebo-
controlled study, which included 18 924 patients with recent
ACS: hospitalized due to coronary obstruction 4-52 weeks
before randomization. Inclusion of the patient required either
elevation of biomarkers of myocardial necrosis in serum or
ischemic/infarction ECG changes with regional wall motion
abnormality of left ventricle, or with perfusion defect or
> 70% epicardial coronary artery stenosis in angiography
examination, or with the need of coronary revascularization.
Patients had to have > 40 years of age together with inad-
equately controlled serum lipid levels (LDL-C = 1.8 mmol/l
or non-HDL-C > 2.59 mmol/l or apoB > 0.8 mmol/l) despite
intensive statin treatment (atorvastatin 40-80 mg or rosuvas-
tatin 20-40 mg) on the highest tolerable dose. Most important
exclusion criteria were: unstable hypertension (blood pressure
> 180/110 mmHg), severe heart failure (NYHA III-IV despite
treatment, ejection fraction < 25%), history of hemorrhagic
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Figure 1 Number of patients included into study and their distribution according to regions

Obrizok 1 Pocet pacientov zapojenych do stiidie a ich rozdelenie podla regiénov

40 rokov a sucasne nedostato¢ne kontrolované sérové lipidy
(LDL-Ch > 1,81 mmol/l, non-HDL-Ch > 2,59 mmol/] alebo
apoB > 0,8 mmol/l) napriek liecbe silnymi statinmi (atorvas-
tatin 40 - 80 mg, rosuvastatin 20 - 40 mg), obvykle na
najvyssej tolerovanej davke. Hlavnymi dévodmi nezaradenia
pacienta boli: nestabilna hypolipidemicka liecba (= 2 tyzdne
pred randomizaciou), nekontrolovand hypertenzia (> 180/110
mmHg), srdcové zlyhavanie (NYHA III - IV napriek liecbe,
ejekénd frakcia < 25 %), prekonana hemoragicka cievna

stroke, triacylglycerol serum level > 4.52 mmol/l at rand-
omization, ACS or coronary revascularization 2 weeks before
randomization or planned such procedure after randomization,
AST, ALT or creatine kinase above 3 times the upper limit of
normal, glomerular filtration rate < 30 ml/min, active viral
hepatitis B or C, positive pregnancy test or treatment with
fibrates (with the exception of fenofibrate).

The primary endpoint of the study was to evaluate whether
treatment with alirocumab (75 mg or 150 mg subcutaneously
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mozgova prihoda, triacylglyceroly > 4,52 mmol/l pri rando-
mizécii, AKS ¢i koronarna revaskularizacia do dvoch tyzdiov
pred randomizaciou ¢i planovany zakrok po randomizicii,
AST a ALT aj kreatin-kindza > trojnasobok hornej normy,
glomeruldrna filtrdcia < 30 ml/min, aktivna hepatitida B ¢i
C, pozitivny gravidarny test a liecba fibratmi (s vynimkou
fenofibratu).

Primarnym end-pointom (ciefom) bolo zhodnotit, ¢i
lie¢ba alirokumabom (75 mg alebo 150 mg s.c. kazdy druhy
tyzden), zacata 1 az 12 mesiacov po AKS, dokaze redukovat
incidenciu ,korondrneho umrtia — nefatalneho myokardial-
neho infarktu a nefatdlnej mozgovej ischemickej cievnej
prihody a tiez hospitalizacie pre nestabilnt anginu pektoris®
(zloZeny end-point).

Dizajn $tudie je na obrazku 2: a) 2- az 16-tyzdnova uvod-
nd (run-in) faza, kde sa pacient ulil podavat s.c. testované
lie¢ivo (placebo), nastolil sa vtedy metabolicky ,steady state®
po AKS vratane dobrej kontroly sérovych lipidov (pri liecbe
silnymi statinmi). Pacienti vyhovujuci vstupnym aj vylu¢ovacim
kritériam boli potom b) v druhej faze stadie (dvojito-slepej)
randomizovani k liecbe alirokumabom 75 mg s.c. kazdé dva
tyzdne versus k liecbe placebom. Vizity sa naplanovali na 1.,
2., 4., 8., 12., 16., 20. a 24. mesiac po randomizacii a potom
dvakrat ro¢ne. Zabezpecené bolo laboratorne testovanie
krvi (lipoproteiny, hematologické bezné testy, obvyklé bezné
biochemické testy, testy funkcie oblic¢iek, pecene, svalstva,
HbA1lc, hsCRP, protilatky proti alirokumabu, gravidarne
testy) a mocu. LDL-Ch v sére sa kalkuloval Fiedewaldowou
formulou (s vynimkou ak boli hodnoty velmi nizke: < 0,38
mmol/l (15 mg/dl), alebo ak mal pacient sérové triacylglyceroly
> 4,52 mmol/l - vtedy sa LDL-Ch stanovoval priamo) (18).
Vysetrovali sa aj: hladiny PCSK9, lipoproteinové subfrakcie,
mediatory zapalu a KV rizika. Pacienti boli v oboch ramenach
liecby na dobrej hypolipidemickej liecbe, a preto v studii neboli
lekari-investigatori a ani pacienti informovani o hodnotach
sérovych lipidov. V $tudii sa kontrolovali sérové lipoproteiny
u zaradenych pacientov: 1. v ramene liecby alirokumabom,
ak bola hladina LDL-Ch po mesiaci lie¢by (od randomizacie)
stale > 1,29 mmol/l (50 mg/dl), tak sa davka lie¢iva zvysila na
150 mg s.c. kazdé dva tyzdne. 2. Ak po mesiaci liecby bola
hodnota LDL-Ch v sére < 1,29 mmol/l (50 mg/dl), tak sa i dalej
podéval alirokumab v davke 75 mg/dl. 3. Ak sérova hladina
LDL-Ch bola po mesiaci liecby < 0,64 mmol/l (25 mg/dl)
(potrebné vsak boli dve takéto merania) pri liecebnej davke
150 mg, tak sa tato davka redukovala na 75 mg (kazdé dva
tyzdne). 4. Ak bola sérova hladina LDL-Ch < 0,64 mmol/l
(25 mg/dl), ale = 0,38 mmol/l (15 mg/dl) (opdt dve merania
po sebe), pokracovalo sa v davke 75 mg s.c. alirokumabom
(sucasne bol pacient podrobne monitorovany pre neziaduce
ucinky). 5. Ak sa sérova hladina LDL-Ch dvakrit po sebe
nachddzala na hladine < 0,38 mmol/l (15 mg/l) pri lie¢be
alirokumabom 75 mg (kazdé dva tyzdne), lie¢ba alirokuma-
bom sa zastavila (pacient dostal placebo az do konca stadie).
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every 2 weeks) started 1-12 months after ACS, can reduce
incidence of CV death, nonfatal myocardial infarction, non-
fatal ischemic stroke and hospitalization for unstable angina
pectoris (composite endpoint).

The design of the study is shown in figure 2. Initial
run-in phase lasted 2-16 weeks, during which the patient
was trained to apply subcutaneous (placebo) injections, and
metabolic steady-state after ACS was reached (including
good control of serum lipids by intensive statin treatment).
Patients fulfilling inclusion and exclusion criteria advanced
to the second double-blind phase, where they were rand-
omized to treatment with alirocumab 75 mg subcutane-
ously every 2 weeks versus placebo treatment. Follow-up
visits were planned on 1%, 2, 4% 8h 12t 16t 20" and
24" months after randomization and every 6 months from
then. Patients had examinations of blood laboratory tests
(lipoproteins, common hematologic and biochemistry tests,
kidney and liver function tests, markers of muscle damage,
HbAlc, hsCRP, antibodies against alirocumab, pregnancy
tests, urine analysis) and of urine. Serum LDL-C level
was calculated by the Friedewald formula (with exception
of very low LDL-C levels: < 0.38 mmol/l (15 mg/dl) or if
the patient had very high serum triacylglycerol levels >
4.52 mmol/l: in that case LDL-C was analyzed directly)
(18). Other parameters analyzed included levels of PCSK9,
lipoprotein subfractions, inflammatory mediators and mark-
ers of CV risk. Patients in both arms of the study were
on intensive hypolipidemic treatment. Therefore during
the study neither investigators nor patients were informed
about the serum lipid levels.

After randomization patients’ lipid levels were tested.
According to the results, several possibilities arose: 1. If
serum LDL-C level after 1% month of treatment from
randomization remained > 1.29 mmol/l (50 mg/dl), the
dose of alirocumab was increased to 150 mg subcutaneously
every 2 weeks. 2. If serum LDL-C level after 1 month
of treatment from randomization was below 1.29 mmol/l
(50 mg/dl), dose of alirocumab remained at 75 mg sub-
cutaneously every 2 weeks. 3. If serum LDL-C level was
below 0.64 mmol/l (25 mg/dl) (2 measurements were
needed) and the alirocumab treatment dose was 150 mg,
then the dose was reduced to 75 mg every 2 weeks. 4. If
serum LDL-C level was below 0.64 mmol/I (25 mg/dl) but
> 0.38 mmol/l (15 mg/dl) (again, 2 measurements were
needed), and the alirocumab treatment dose was 75 mg,
the dose was continued; meanwhile, the patient was closely
monitored for presence of adverse effects. 5. If serum LDL-C
level was found consecutively twice below 0.38 mmol/l
(15 mg/dl) and the alirocumab treatment dose was 75 mg,
the alirocumab treatment was stopped and the patient
continued on placebo treatment until the end of study.
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Patient population: ; Doe. ;
- Recent ACS (4-52 weeks before randomization) *) !:(I'-)LT)?\?: e;;gg?j:;‘: é sgg;r;?hOSIte of

- At least one of the following: LDL-C = 70 mg/dI } Non-fata% ereeTie Tl T ETeiter

(1,81 mmol/l), non-HDL-C = 100 mg/dl (2,59 mmol/l) - lEehaiie str)(/)ke

a2l = G0 el (C3) i el Eleiie o sl - Unstable angina requiring hospitalization
hypolipidemic treatment.

Run-In Period Double-Blind Treatment Period tr Post-
eatment
(up to 16w) (~2to 5 years) follow-up

pra?:ﬁtt:i:z;f—sintajggt;ion Until Month 2: At Month 2 and beyond: 2 weeks
with placebo; 75 mg every 75 mg or 150 mg every 2 weeks; dose was adjusted to after end of
complete planned 2 wks 150 mg Q2W if LDL-C = 50 mg/dl (1.29 mmol/l) in Month 1 I treatment
revascularization :
M2 Alirocumab (n=9000) J !
4-52 weeks
Index ACS Randorlnization Placebo (n=9000) I I
| |

Optimal hypolipidemic treatment:Basal hypolipidemic treatment: Atorvastatin 40/80 mg, rosuvastatin 20/40 mg,
or maximal tolerated dose of one of these statins, with or without non-statin lipid treatments.
Diet: NCEP-ATPIII therapeutic lifestyle changes or equivalent throughout study.

* After approval of the protocol amendment; 4-16 weeks before approval of the amendment.

Subor pacientov: - Primarny cielovy ukazovatel: Zlozeny z
- Prekonany AKS (4-52 tyzdriov pred randomizéaciou) *) - Umrtia na ICHS

- Najmenej jedno z nasledujuceho: LDL-C 2 70 mg/dl - Nefatalneho infarktu myokardu

(1 ,81 mmoI/I), non-HDL-C = 100 mg/dl (2,59 mr_no!/l) i - Ischemickej cievnej mozgovej prihody

alebo apoB = 80 mg/dl (0,8 mmol/l) napriek optimalnej - Hospitalizcie pre nestabilnti anginu pectoris
hypolipidemickej liecbe.

Run-In Faza Dvojito-zaslepena faza liecby "e;:l;né
(do 16 tyzdriov) (~2az 5 rokov) sledovanie

OTZE;E ?gﬁé?,t::gu; Do 2 mesiacov: 0d dvoch mesiacov: 2 tyzdne

injekcie s placebom; 75 mg kazdé 75 mg alebo 150 mg kazdé 2 tyZdne; davka bola upravena po konci
ukon&enie planovanej 2 tyZzdne na 150 mg Q2W, ak v 2. mesiaci LDL-C = 50 mg/dl v 1. mesiaciI lieCby I

revaskularizacie :
M Alirokumab (n=9000) I 1
4-52 tvzdiiov

Indexovy AKS Randolmizécia Placebo (n=9000) I I
| |

Optimalna hypolipidemicka liecba:Zakladna hypolipidemicka lie€ba: atorvastatin 40/80mg, rosuvastatin 20/40 mg
alebo maximalne tolerovna davka uvedenych statinov, bez alebo s nestatinovou lie¢bou.
Diéta: NCEP-ATP-III TLC alebo ekvivalent.

* Po schvaleni zmeny a doplnenia; 4-16 tyzdrov pred schvalenim zmeny

Figure 2 Design of the ODYSSEY OUTCOMES Study (modified according to 20)
Obrdzok 2 Dizajn stiidie ODYSSEY OUTCOMES (upravené podla 20)
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Akym sposobom sa monitoroval benefit liecby
alirokumabom

V $tudii sa analyzovali KV prihody (primarny end-point:
¢as do korondrneho tmrtia, vyskytu nefatdlneho infarktu
myokardu/nefatalnej ischemickej cievnej mozgovej prihody,
hospitalizacie pre nestabilnu anginu pektoris), ale aj neziaduce
prihody. Sekundarne end-pointy boli nasledovné: potreba
koronarnej revaskularizacie, hospitalizacia pre srdcové zlyha-
vanie, celkova mortalita, tieZ jednotlivé ,,stcasti“ primarneho
end-pointu. Dalej sa analyzovali zmeny uz uvedenych sérovych
lipidov, HbAlc, hs CRP. Pouzival sa aj osved¢eny dotaznik
kvality zivota (EUROQOL-5) (19).

Neziaduce ucinky sa zbierali najmé o alergickej prihode
a o lokalnej koZnej reakcii v mieste podania alirokumabu.
Hodnotili sa i pripady hemolytickej anémie a abnormality ne-
urokognicie (osobitne u pacientov, ktori pri lie¢be mali velmi
nizke sérové hladiny LDL-Ch). Protilatky proti alirokumabu
sa merali: pri randomizacii, v mesiacoch 2., 4., 12. a potom
raz ro¢ne a pri odstipeni chorého zo $tudie.

Vyskyt primarneho end-pointu sa analyzoval podla prin-
cipu ,intention - to - treat® Statistiku zabezpecoval zdatny
team Univerzity v New Yorku (SUNY) a vopred naplanoval
hodnotenie (20).

Vysledky stadie ODYSSEY OUTCOMES
(zverejnené na Americkom kardiologickom kongrese
10. marca 2018) (21)

1. Do $tadie zahrnuli 18 924 pacientov, ktori boli rovno-
merne randomizovani na liecbu alirokumabom ¢i placebom
(po 9 462 pacientoch). Median sledovania chorych v $tadii
bol 2,8 rokov. Nazbieralo sa 1 955 primarnych end-pointov:
726 umrti, prerusenie liecby bolo v trovni 14 - 15 % pacien-
tov, niekolko ,,stratenych pacientov® (14 v alirokumabovom
ramene versus 9 v placebovom ramene). 2. Vstupné cha-
rakteristiky pacientov boli nasledovné: 58 rokov priemerny
vek, 25 % pacientov boli Zeny, hypertenziou trpelo 65 %
zaradenych, diabetom 28 %, faj¢iarov bolo 24 % a u 19 %
zaradenych bol uz predtym prekonany infarkt. V priemere
boli pacienti zaradeni do $tidiovej lie¢by 2,6 mesiacov po
vzniku AKS. Rozdelenie chorych podla jednotlivych typov
AKS bolo nasledovné: STEMI pripady (35 % pacientov),
NSTEMI pripady (48 %), pacienti s nestabilnou anginou
pektoris (16,6 % chorych). Revaskularizaciu pri AKS pod-
stupilo 71,8 chorych. Vstupné sérové lipidy: LDL-Ch (87
mg/dl, 2,24 mmol/l), HDL-Ch (43 mg/dl, 1,11 mmol/l),
triacylglyceroly (129 mg/dl, 1,45 mmol/l), Lp(a) (21 mg/dl),
ApoB (79 mg/dl). Hypolipidemicka liecba bola vynikajtca,
pretoze 89 % pacientov uzivalo silny statin a vo vysokej
davke, ezetimib uzivalo 2,8 % pacientov, nizku davku
statinov uzivalo 8,8 % chorych a bez tejto liecby bolo len
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How was the benefit of alirocumab treatment
monitored?

The main observation of the study was the presence of
primary endpoint: time to cardiovascular death or nonfatal
myocardial infarction, nonfatal ischemic stroke or hospitali-
zation for unstable angina pectoris; adverse events were also
monitored. Secondary endpoints were as follows: need of
coronary revascularization, hospitalization for heart failure,
total mortality and also individual components of the primary
endpoint. Further analyses were changes of serum lipid levels,
HbAlc, hsCRP. Quality of life was monitored by the well-
established EUROQOL-5 questionnaire (19).

Adverse events were collected; the main focus was on
allergic reactions and local skin site reaction after alirocumab
injections. Also evaluated were cases of hemolytic anemia and
neuro-cognitive abnormalities (especially in patients who had
very low serum LDL-C levels). Antibodies against alirocumab
were measured at randomization, in 2™, 4" and 12 months
and then every year and at the patient’s end of study.

The presence of the primary endpoint was analyzed by
intention-to-treat principle. Statistical evaluation was made
by a team from The University of New York (SUNY) and the
evaluation was planned beforehand (20).

Results of the ODYSSEY OUTCOMES study
(presented at the American College of Cardiology meeting,
March 10th, 2018) (21)

1. There were 18 924 patients in the study, who were
evenly randomized on alirocumab and placebo treatment
(9 462 patients in each group). Median follow-up in the
study was 2.8 years. 1 955 primary endpoints were observed,
including 726 deaths. Premature termination of the treatment
was present in 14-15% of patients, only a few patients were
lost-to-follow-up (14 patients in the alirocumab arm and
9 patients in the placebo arm). 2. Baseline characteristics
of patients were: mean age 58 years, 25% of patients were
females, 65% of patients had arterial hypertension, 28% had
diabetes mellitus, 24% were smokers and 19% had previous
myocardial infarction. Average time from the index ACS
event to the randomization was 2.6 months. According
to ACS types: 35% of patients had STEMI, 48% had non-
STEMI and 16.6% patients had unstable angina pectoris.
Revascularization for index event was present in 71.8% of
patients. Entry serum lipid levels were: LDL-C 2.24 mmol/l
(87 mg/dl), HDL-C 1.11 mmol/l (43 mg/dl), triacylglycerols
1.45 mmol/l (129 mg/dl), Lp(a) 21 mg/dl, apoB 79 mg/dl
Hypolipidemic treatment was good according to Guidelines:
89% of patients were treated by intensive statin therapy,
ezetimib was used in 28% of patients, low statin dose was
used in 8.8% of patients and no statin treatment was used
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Figure 3 Comparison of LDL-Cholesterol values between Alirocumab and Placebo arms in patients who stayed on treatment (1 mg/dl

= 0,02513 mmol/l)

Obrdzok 3  Porovnanie hladin LDL cholesterolu medzi alirokumabovym a placebovym ramenom u pacientov, ktori uzivali liecbu pocas celej stidie (1 mg/dl =

0,02513 mmol/l)

0,9 % chorych. Aj ostatna liecba bola velmi dobra: kyselinu
acetylsalicylovd uzivalo 95,6 % zaradenych, klopidogrel 87 %
chorych, ACE inhibitor ¢i sartan uzivalo 77,7 % chorych,
betablokatory 84,5 % pacientov a aj ostatna liecba bola
vynikajuca v oboch podskupinach pacientov. 3. Vysledky
sérovych lipidov pri liecbe: alirokumab redukoval po $tyroch
rokoch sledovania sérovy LDL-Ch z trovne 101,4 mg/dl
(2,62 mmol/l) na uroven 53,3 mg/dl (1,37 mmol/l), t. j.
0 54,7 % (obrazok 3). 4. Klinické vysledky: A) v placebo-
vom ramene liecby bol 11,1 % vyskyt kardiovaskularnych
prihod a tento vyskyt primarneho end-pointu alirokumab

only in 0.9% of patients. Other treatments: acetylsalicylic
acid was used in 95.6% of patients, clopidogrel in 87% of
patients, ACE inhibitor or sartan in 77.7% of patients and
betablockers in 84.5% of patients. Also other treatment was
excellent in both subgroups of patients. 3. Results of lipid
levels. After 4 years of treatment, alirocumab reduced serum
LDL-C level from 2.62 mmol/l (101.4 mg/dl) to 1.37 mmol/l
(53.5 mg/dl), relative decrease was 54.7% (Figure 3).
4. Clinical results. A) In the placebo arm, the incidence
of primary endpoint was 11.1%, and alirocumab treatment
reduced it by 15% (RR 0.85, statistically significant). An
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Figure 4 Primary efficacy composite endpoint of the study
Obrdzok 4 Primdrny zlozeny cielovy ukazovatel Stiidie
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ARR - absolute risk reduction (redukcia absoliitneho rizika), HR - hazard ratio (pomer rizika), CI — confidence interval (interval spolahlivosti)
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Table 1 Main secondary endpoints
Tabulka 1 Hlavné sekunddrne ukazovatele

Endpoint (Ukazovatel), n (%) Alirocumab Placebo HR Log-rank
(n=9462) (n=9462) (95% CI) Significance
(Signifikancia)
Coronary heart disease events (Korondrne prihody) 1199 (12.7) 1349 (14.3) 0.88 (0.81 - 0.95) 0.001
Major coronary heart disease events (Zdvazné korondrne prihody) 793 (8.4) 899 (9.5) 0.88 (0.80 - 0.96) 0.006
Cardiovascular events (Kardiovaskuldrne prihody) 1301 (13.7) 1474 (15.6) 0.87 (0.81 - 0.94) 0.0003
Death, MI, ischemic stroke (Mortalita, IM, iCMP) 973 (10.3) 1126 (11.9) 0.86 (0.79 - 0.93) 0.0003
Coronary heart disease death (Korondrna mortalita) 205 (2.2) 222 (2.3) 0.92 (0.76 - 1.11) 0.38
Cardiovascular death (Kardiovaskuldrna mortalita) 240 (2.5) 271 (2.9) 0.88 (0.74 - 1.05) 0.15
All-cause death (Celkovd mortalita) 334 (3.5) 392 (4.1) 0.85(0.73 - 0.98) 0.026

HR - hazard ratio (pomer rizika), CI - confidence interval (interval spolahlivosti)

redukoval o 15 % (s RR: 0,85, $tatisticky vyznamne). Efekt
sa dal poznat na konci prvého roku liecby. Absolttne riziko
vyskytu prihod bolo redukované o 1,6 % (obrazok 4). B)
Aj komponenty primarneho end-pointu boli dobre ovplyv-
nené: mortalita na ischemicku chorobu srdca (0,92, NS),
vyskyt nefatalneho infarktu (RR: 0,86, S), vyskyt nefatalnej
mozgovej prihody (0,73, S) a aj vyskyt nestabilnej anginy
pektoris (0,61, S). Druhotné end-pointy boli tiez dobre
ovplyvnené (s RR medzi 0,85 - 0,92, vdcsinou S$tatisticky
vyznamne) (tabulka 1), aj celkova mortalita (RR: 0,85, S)
(obrazok 5) a tiez potreba revaskularizdcie pre ischémiu
myokardu (RR: 0,88, S). C) Benefit lie¢by alirokumabu
zavisel od vstupnej sérovej hladiny LDL-Ch a bol najvyssi
v podskupine chorych so sérovym LDL-Ch > 100 mg/dl

effect was already recognizable at the end of the 1% year of
treatment. Absolute risk of CV events was reduced by 1.6%
(Figure 4). B) Individual components of primary endpoint
were also positively influenced by alirocumab treatment:
IHD mortality (RR 0.92, NS), nonfatal myocardial infarction
(RR 0.86, SS), nonfatal stroke (RR 0.73, SS) and unstable
angina pectoris (RR 0.61, SS). Secondary endpoints were also
positively influenced, with RR 0.85 - 0.92, mostly statistically
significant (Table 1), as well as total mortality (RR 0.85,
SS) (Figure 5) and need for myocardial revascularization
for ischemia (RR 0.88, SS) (SS, statistically significant)).
C) The benefit of alirocumab treatment was influenced by
baseline levels of LDL-C; maximum effect was observed in
patients with baseline LDL-C > 100 mg/dl (2.58 mmol/l):
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Figure 5 All-cause mortality
Obrdzok 5 Celkovd mortalita

ARR - absolute risk reduction (redukcia absolitneho rizika), HR — hazard ratio (pomer rizika), CI - confidence interval (interval spolahlivosti)

84



N
o

HR 0.76
95% Cl (0.65-0.87)

- -
N (o]

MACE (%)
Kardiovaskuldrne prihody (%)
o]

Alirocumab

f-N

0~ T T T 1
0 1 2 3 4
Years Since Randomization
(Roky od randomizdcie)
Number at Risk (Pacienti v riziku)
Placebo 2815 2568 2311 9G6 178
Alilocumab 2814 2602 2431 1053 207

Figure 6 Primary endpoint in subgroup of patients with LDL-
-cholesterol > 100 mg/dl (2.59 mmol/l)

Obrdzok 6 Primdrny ukazovatel'v podskupine pacientov s hladinou LDL cholesterolu
> 100 mg/dl (2,59 mmol/l)

(2,58 mmol/l): tu bola redukcia primarneho end-pointu
24 % (RR: 0,76, S) (obrazok 6), podobne celkova mortalita
(RR: 0,71, S) (obrazok 7), aj kardiovaskularna mortalita
(RR: 0,69, S). D) Benefit lie¢by alirokumabom bol pri-
tomny vo vSetkych podskupindch pacientov, rozdelenych
do podskupin podla veku, pohlavia, rizikovych faktorov
a ochoreni. 5. Bezpecnost liecby bola vynikajuca - islo
viacmenej len o lokdlne reakcie po vpichoch (alirokumab:
3,8 % vs placebo: 2,1 %), ostatné neziaduce tcinky boli
podobne casté ako v placebovom ramene liecby.

Aky je odkaz $tudie do praxe

Mozno konstatovat, ze alirokumab vyznamne redukoval
vyskyt kardiovaskuldrnych prihod (mortality, nefatalnych
infarktov myokardu i mozgovych prihod, tieZz nestabilnej
anginy pektoris) u chorych s akutnym korondrnym syn-
drémom, ktori dostavaju vynikajticu liecbu akatneho koro-
narneho syndrému a tiez silnd/intenzivnu statinovu liecbu.
Aj celkova mortalita chorych bola vyznamne redukovand.
Najviac z lie¢by profitovala podskupina chorych s najvys-
$ou vstupnou hladinou LDL-Ch v sére (> 100 mg/dl, 2,58
mmol/l), kde bola redukcia prihod primarneho end-pointu
az 24 % a celkovej mortality az 29 %. Liecba bola velmi
bezpe¢nd. Vhodnymi pacientmi pre tuto liecbu su iste ti
najrizikovejsi chori po AKS.
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Figure 7 All-cause mortality in subgroup of patients with LDL-
-cholesterol > 100 mg/dl (2.59 mmol/l)

Obrdzok 7 Celkovd mortalita v podskupine pacientov s hladinou LDL cholesterolu
> 100 mg/dl (2,59 mmol/l)

in this subgroup the primary endpoint reduction was 24%
(RR 0.76, SS) (Figure 6), all cause mortality (RR 0.71, SS)
(Figure 7) and cardiovascular mortality (RR 0.69, SS). D)
Benefit of alirocumab treatment was present in all prespeci-
fied subgroups according to age, gender, risk factors and
concomitant diseases. 5. Treatment safety was excellent;
most of the adverse effects were similarly present both in
active and placebo arms. The only difference was in local
skin reactions after alirocumab injection (alirocumab arm:
3.8%, placebo arm: 2.1%).

Conclusion and ‘Take Home’ message

Alirocumab significantly reduced the incidence of
cardiovascular events (cardiovascular mortality, nonfatal
myocardial infarctions, nonfatal ischemic strokes and
unstable angina pectoris) in patients with acute coronary
syndrome who were adequately treated for ACS and had
intensive statin treatment. Total mortality was also sig-
nificantly reduced by alirocumab. Maximum effect was
observed in subgroup of patients with highest baseline
LDL-C level (> 100 mg/dl, 2.58 mmol/l); the reduction
of primary endpoint in this subgroup was 24% and total
mortality 29%. Treatment with alirocumab was very safe.
Patients with highest CV risk after ACS are suitable can-
didates for therapy with alirocumab.
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