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Efficacy, Safety and Clinical Applicability of PCSK9 Inhibitors
Eficacia, sequridad y aplicabilidad clinica de los inhibidores de la PCSK9

WALTER MASSON'? (2}, MARIANO GIORGI?3#>

ABSTRACT

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors represent a new group of lipid-lowering drugs, which have gener-
ated a substantial change in lipid management. In a few years, a large number of studies have evaluated the lipid-lowering efficacy
and safety of these drugs. More recently, large randomized clinical trials have demonstrated that the decrease in LDL-C levels
achieved with these agents were associated with lower incidence of cardiovascular events. This evidence led to approval and mar-
keting of PCSK9 inhibitors in many countries. Consequently, several scientific societies and reference healthcare institutions have
incorporated these drugs into the therapeutic arsenal for dyslipidemia in order to reduce residual cardiovascular risk. In this review,
we will describe the efficacy and safety of these agents, analyze the available evidence about their cardiovascular benefits and discuss
in which population their use might be most effective.
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RESUMEN

Los inhibidores de la proproteina convertasa subtilisina kexina tipo 9 (iPCSK9) representan un nuevo grupo de farmacos hipolipemi-
antes, que han generado un cambio sustancial en el manejo clinico de los lipidos. En pocos anos, una gran cantidad de estudios han
evaluado la eficacia antilipidica y la seguridad de estos farmacos. Mas recientemente, grandes ensayos clinicos aleatorizados dem-
ostraron que el descenso del C-LDL alcanzado con estos farmacos se asocié con una menor incidencia de eventos cardiovasculares.
Dicha evidencia dio lugar a la aprobacién y comercializacién de los iPCSK9 en muchos paises. En consecuencia, diversas sociedades
cientificas y organismos de referencia en salud incorporaron estos farmacos en el arsenal terapéutico de la dislipidemia, con el obje-
tivo de reducir el riesgo cardiovascular residual. En esta revision describiremos la eficacia y la seguridad de estos farmacos, analizare-
mos la evidencia disponible acerca del beneficio cardiovascular y discutiremos en qué poblacién podria ser més efectiva su utilizacion.
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INTRODUCTION

Proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors represent a new group of lipid-lowering
drugs which have caused a substantial change in the

cuss the main indications for their use according to
the latest clinical practice guidelines and which popu-
lation could be expected to derive the greatest benefit.

clinical management of lipids due to their high effica-
¢y to reduce lipid levels and, in consequence, to their
recently demonstrated cardiovascular benefit.

Over the past years, PCSK9 inhibitors have been
evaluated in many clinical trials including patients
with cardiovascular disease, familial hypercholester-
olemia, mixed dyslipidemia or intolerance to statins.

In this review, we will briefly describe the history
and clinical development of these drugs, discuss their
efficacy and safety, and analyze the evidence available
about their cardiovascular benefits. We will also dis-

Brief history of the development of PCSK9 inhibitors
The discovery of the LDL-C receptor by Goldstein
and Brown in 1973, besides being awarded the Nobel
Prize, changed the history of cardiovascular disease.
(1) In addition to demonstrating the mechanism of
receptor-mediated endocytosis by which the LDL-C
receptor incorporates LDL particles into the cells, it
was established that these receptors might be recycled
after fulfilling their function.

A new discovery identified a mutation favoring
gain-of-function in a gene that was associated with the
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diagnosis of familial hypercholesterolemia. (2) Later,
loss-of-function mutations in the same gene were as-
sociated with low plasma levels of LDL-C and lower
risk for cardiovascular events. (3) This gene encoded a
new protein, PCSK9, which binds to LDL receptors on
the surface of liver cells and regulates LDL receptors.
(4, 5) In the presence of PCSK9, endocytosis of the
LDL-PCSK9 complex occurs. Inside the cell, the lipo-
protein is cleaved and broken and PCSK9 diverts the
LDL receptor to degradation by lysosomes, preventing
its return back to the cell surface to perform its func-
tion. In the absence of PCSK9, after endocytosis of
the LDL receptor complex, the lipoprotein is similarly
broken, but the receptor is recycled and returns to the
cell surface to continue fulfilling its function. Thus,
inhibition of PCSK9 facilitates LDL receptor recy-
cling and increases the number of receptors in liver
cells, thus contributing to lower LDL-C plasma levels.
One way to produce PCSK9 inhibition is by monoclo-
nal antibodies, known as PCSK9 inhibitors.

In a few years, several programs with a great num-
ber of clinical trials have evaluated the efficacy and
safety of PCSK9 inhibitors. These studies have found
a significant reduction in LDL-C plasma levels and
have positioned these new drugs as additional tools
to reduce residual cardiovascular risk. (6, 7) More re-
cently, large clinical trials demonstrated that LDL-C
levels achieved with these agents were associated with
lower incidence of cardiovascular events. (8, 9)

Based on the available evidence, PCSK9 inhibi-
tors evolocumab (Rephata™, Amgen) and alirocumab
(Praluent™, Sanofi), administered subcutaneously
every two or four weeks, were approved by the Fed-
eral Drug Agency (FDA) and the European Medicines
Agency (EMA) in 2015. In our country, the ANMAT
approved the use of alirocumab in 2017 and of evo-
locumab in 2019.

Initial programs. Lipid-lowering efficacy and safety

The PROFICIO program (Program to Reduce LDL-C
and Cardiovascular Outcomes Following Inhibition
of PCSK9 In Different Populations) included several
clinical trials to establish the efficacy and safety of
evolocumab in different populations with hypercho-
lesterolemia, including those with familial hyper-
cholesterolemia and statin intolerance. (10-19) In all
these groups, PCSK9 inhibitors demonstrated to sig-
nificantly reduce LDL-C levels by up to 60%, allowing
many patients to reach therapeutic targets. The anal-
ysis of the trials included in the program showed that
mean LDL-C reduction was 65.7% (95% CI, 60.9%-
70.9%) with evolocumab 140 mg every two weeks and
65.0% (95% CI: 60.4%-69.5%) with evolocumab 420
mg every four weeks. (20)

In the same sense, the ODYSSEY program in-
cluded many clinical trials evaluating the efficacy and
safety of alirocumab in dyslipidemia patients, includ-
ing familial hypercholesterolemia, diabetes or history
of cardiovascular disease. (21-34) Pooled analysis of

patients from various clinical trials of the ODYSSEY
program, including subjects with familial hypercho-
lesterolemia or history of cardiovascular disease, dem-
onstrated LDL-C reductions at week 24 ranging be-
tween 54.1% and 61.9% for alirocumab 150 mg every
two weeks. (35) Similarly, prolonged use of alirocumab
(78 weeks), when added to statin therapy at the maxi-
mum tolerated dose in patients at high risk for cardio-
vascular events with LDL-C levels >70 mg/dL, was as-
sociated with a reduction in LDL-C levels >50%. (36)

A third drug, bococizumab, has been discontinued
for generating autoantibodies that negatively impact-
ed on lipid-lowering efficacy over time. Although the
mechanism of action of the three drugs is very similar,
a crucial difference exists. There are several types of
monoclonal antibodies according to their origin and
protein structure: murine, chimeric, humanized and
fully human. The capability to induce autoantibod-
ies is maximum in murine monoclonal antibodies and
minimum in fully human monoclonal antibodies. (37)
Alirocumab and evolocumab are fully human antibod-
ies, while bococizumab is a humanized antibody with
murine protein sequence and has a greater capability
to produce antidrug antibodies. This effect was dem-
onstrated in the SPIRE-1 and SPIRE-2 trials which
included >27,000 patients. (38, 39)

PCSK9 inhibitors also produce significant reduc-
tion in the levels of other atherogenic particles. In
an analysis using pooled data from many trials of
patients with metabolic syndrome, PCSK9 inhibi-
tors reduced triglycerides between 7.1% and 15.9%,
non-HDL-C between 38.2% and 54,2% and apolipo-
protein B between 35% and 55.1%. (40) Similarly, an-
other publication reported that HDL-C may increase
between 4.6% and 8.9%, while Lp(a) levels may de-
crease between 23% and 48.6%. (41) Regarding this
last point, a recent meta-analysis including 27 trials
with 11,864 patients showed average Lip(a) reduction
of 21.9% (95% CI, 9.5%-24.3%) (42) irrespective of the
type of PCSk9 inhibitor used, differences in control
treatment, treatment duration, baseline Lp(a) levels
or participant characteristics.

Considering that the follow-up period was short
in most studies, evolocumab and alirocumab have not
shown different adverse effects compared with pla-
cebo (43, 44) except for injection site reactions which,
although rare, were more frequently observed with
the use of monoclonal antibodies.

An analysis of the ODYSSEY program evaluated
the safety of these drugs in the subgroup of patients
who had reached very low LDL-C levels (<25 mg/
dL and <15 mg/dL). There were no significant dif-
ferences in the incidence of myopathy, liver disease,
new cases of diabetes or neurocognitive deficit. (45)
Although that analysis suggested an increased risk of
cataracts with very low LDL-C levels, a recent meta-
analysis including large recently published trials did
not confirm this association. (46) Similarly, the EBB-
INGHAUS trial, specifically designed to assess cogni-
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tive status, found no differences between evolocumab
and placebo. (47) Finally, an extended follow-up of the
recently published OSLER-1 trial (Open Label Study
of Long Term Evaluation Against LDL-C Trial) deter-
mined the safety of evolocumab, 420 mg every four
weeks over a 5-year period in patients with hypercho-
lesterolemia. (48)

Atherosclerosis regression and PCSK9 inhibitors

The GLAGOV trial demonstrated that among 968 pa-
tients with coronary artery disease under stable sta-
tin treatment, use of evolocumab (420 mg every four
weeks) compared with placebo, resulted in athero-
sclerosis regression estimated by intravascular ultra-
sonography (IVUS) imaging after 72 weeks of treat-
ment. (49) The primary endpoint (percent atheroma
volume) increased 0.05% in the placebo group and
decreased 0.95% with evolocumab (difference, —1.0%
[95% CI, —1.8% to —0.64%]; p <0.001). An explora-
tory analysis showed an inverse linear relationship
between LDL-C decrease and plaque regression up
to levels as low as 20 mg/dl, without finding a cutoff
value where the benefit was lost.

Recently, the ODYSSEY J-IVUS trial assessed
the effect of alirocumab (75/150 mg every two weeks)
on the progression of atherosclerosis compared with
standard care in 206 Japanese patients with acute
coronary syndrome using IVUS imaging analysis. (50)
After 36 weeks, a non-significant reduction of the pri-
mary endpoint was observed (change in total athero-
ma volume —4,8% vs. —3,1%, p = 0.23). The shorter
study period and small number of enrolled patients
compared with previous studies may have limited the
ability to show a significant difference in the results.

Reduction of cardiovascular events with PCSK9 inhibitors:
mega-trials

The FOURIER trial included patients with cardio-
vascular disease and associated cardiovascular risk
factors, with LDL-C levels >70 mg/dL despite high-
intensity statin therapy with or without ezetimibe. (8)
The patients were randomized to evolocumab (140 mg
every two weeks or 420 mg every four weeks) or pla-
cebo with a mean follow-up of 2.2 years. The primary
efficacy endpoint (cardiovascular mortality, myocar-
dial infarction, stroke, hospitalization for unstable
angina, or coronary revascularization) was observed
in 9.8% of the patients treated with evolovumab and
11.3% of those treated with placebo (HR: 0.85; 95%
CI, 0.79-0.92; p <0.001). However, there were no sig-
nificant differences in total mortality or cardiovascu-
lar mortality.

In a prespecified secondary analysis of the FOU-
RIER trial, a significant monotonic relationship was
observed between LDL-C concentrations reached and
the incidence of major cardiovascular events extend-
ing to LDL-C concentrations below 0.2 mmol/L. More-
over, no safety issues were observed when very low
LDL-C levels were achieved during follow-up. (51)

The ODYSSEY OUTCOMES trial included pa-
tients who had presented an acute coronary syndrome
one to 12 months before their inclusion in the study
and could not control their lipid levels (LDL-C level
>70 mg/dL, non—HDL-C level >100 mg/dL, or apoli-
poprotein B level >80 mg/dL) despite receiving statin
therapy at the maximum tolerated dose, associated
or not with ezetimibe. (9) Patients were randomly as-
signed to receive alirocumab at a dose of 75 mg/dL or
150 mg/dL every two weeks or matching placebo to
reach a therapeutic target of LDL-C between 25 and
50 mg/dL during a median follow-up of 2.8 years. The
primary endpoint (cardiovascular mortality, non-fatal
myocardial infarction, fatal or non-fatal stroke or hos-
pitalization for unstable angina) was observed in 9.5%
of the patients treated with alirocumab and 11.1% of
those treated with placebo (HR: 0.85; 95% CI, 0.78-
0.93; p <0.001). The greatest effect of alirocumab was
observed in the prespecified subgroup with baseline
LDL-C 2100 mg/dL. Moreover, treatment with ali-
rocumab was associated with lower all-cause mortal-
ity compared with placebo (3.5% vs. 4,1%; HR: 0.85;
95% CI, 0.73-0.98; nominal p=0.026), although as the
analysis was performed in a hierarchical fashion, it
cannot be assured that such association was not by
chance.

A prespecified analysis demonstrated that the car-
diovascular benefit observed with alirocumab was in-
dependent of age. (52) The absolute benefit, but not
the rate of severe adverse events, was greater with
advanced age.

A recent publication suggests that the benefit of
alirocumab on mortality observed in the ODYSSEY
OUTCOMES trial would be more significant in pa-
tients who received prolonged treatment (>3 years),
and those with baseline LDL-C =100 mg/dL. who
achieved very low LDL-C levels with treatment (spe-
cifically <30 mg/dL after 4-month treatment). (53)

Also, a sub-analysis of that trial showed that al-
irocoumab-induced reduction of Lp(a) independently
predicted a lower risk of major adverse cardiovascular
events after adjustment for baseline concentrations
of Lp(a) and patient demographic and clinical char-
acteristics. (54) Similarly, another prespecified analy-
sis of the ODYSSEY OUTCOMES trial reported that
the absolute cardiovascular benefit associated with
alirocumab was greater in patients with polyvascular
disease. (55) In other words, patients with more in-
volved vascular territories (coronary, cerebrovascular
and peripheral artery disease) had greater baseline
risk and, consequently, the positive impact of PCSK9
inhibition with alirocumab when added to usual statin
therapy was more evident.

Although there are no large trials designed to as-
sess the effect of PCSK9 on cardiovascular events in
patients with diabetes only, the number of subjects
with this disease included in the two largest trials
published to date was significant. Thus, the benefit
of PCSK9 inhibitors in the population with diabetes
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mellitus was demonstrated in two subgroup analyses
of the ODYSSEY OUTCOMES and FOURIER trials
(56, 57). However, both trials included subjects with
diabetes in secondary prevention, without assessing
the cardiovascular impact in the population without
history of cardiovascular disease.

Finally, a recent meta-analysis including 23 trials
(n=60,723) showed that PCSK9 inhibitors reduced
major cardiovascular events by 17% (RR 0.83, 95% CI
0.78-0.88), without a significant reduction in mortal-
ity (RR 0.93, 95% CI 0.85-1.02). (58)

A comparative analysis of both large trails evalu-
ating cardiovascular morbidity and mortality with
PCSKO9 inhibitors is shown in Table 1.

Indications according to the most important guidelines
Based on the evidence previously reviewed, PCSK9
inhibitors obtained approval for product marketing
in many countries. Therefore, several scientific socie-
ties and reference healthcare institutions have incor-
porated these drugs into the therapeutic arsenal for
dyslipidemia in order to reduce cardiovascular events.
Table 2 summarizes the main indications of four
reference healthcare institutions: the National In-

stitute for Health and Care Excellence (NICE) (59),
which updated its recommendations on the manage-
ment of dyslipidemia in 2019, the American College of
Cardiology (ACC)/American Heart Association (AHA)
2018 task force (60), the European Society of Cardiol-
ogy (ESC) 2019 guidelines (61) and, finally, the 2017
position paper of the Argentine Society of Cardiology
(SAC). (62)

One of the main findings of the cross-sectional
comparison of recommendations is that the use of
these drugs is limited to patients with statin therapy
at maximum tolerated dose and with ezetimibe. Fur-
thermore, the specific clinical conditions and LDL-C
levels considered for the use of PCSK9 inhibitors are
not homogeneous and the levels of evidence support-
ing their indication are also different. This finding is
frequently observed when the comparative analysis of
different guidelines and consensuses is made, and re-
flects, among other causes, that the process of defining
the use of a drug (or any other health technology) con-
siders, besides safety and efficacy evidence, epidemio-
logical aspects (baseline morbidity and mortality) and
the structure of health services (including economic
and financial aspects) of the country or region where

Table 1. Principal characteristics of the two largest trials with PCSK9 inhibitors.

FOURIER
(n=217,564)

Patients included

and associated cardiovascular risk factors. with LDL-C

levels >70 mg/dL (or non-HDL-C >100 mg/dL) treated

with statins.

Treatment schedule

Patients (40-85 years) with stable cardiovascular disease

Evorocumab 140 mg every two weeks or 420 mg every

ODYSSEY OUTCOMES
(n=18,924)

ACS (1 to 12 months before inclusion) with LDL-C
level >70 mg/dL (or non—-HDL-C level >100 mg/
dL or ApoB level >80 mg/dL) with high-intensity

statin therapy or at the maximum tolerated dose.

Alirocumab 75/150 mg every two weeks vs.

Baseline LDL-C

LDL-C reduction

Age

Male sex

Diabetes

Use of high-intensity statins
Use of ezetimibe

Follow-up

Primary endpoint

Cardiovascular mortality

four weeks vs. placebo# placebo##
92 mg/dL 92 mg/dL
59%* 56.39%**

62.5 (+ 9.1) years
75.4%
36.7%
69.5%
5.3%
2.2 years
HR: 0.85 (95% CI. 0.79-0.92)a
HR: 1.05 (95% Cl. 0.88-1.25)

58.5 (+ 9.3) years
74.7%
28.5%
88.8%
2.8%
2.8 years
HR: 0.85 (95% CI. 0.78-0.93)b
HR: 0.88 (95% Cl. 0.74-1.05)

Overall mortality
Severe adverse events
#Dose was administered according to the patient’s preference.

##Dose was titrated to reach LDL-C target between 25 and 50 mg/dL
*Compared with placebo after 48 weeks. LDL-C reached 30 mg/dL.

HR: 1.04 (95% Cl. 0.91-1.19)
Without difference with the placebo group

HR: 0.85 (95% Cl. 0.73-0.98)###
Without difference with the placebo group

**Compared with placebo after 52 weeks. Per protocol analysis. LDL-C reached 42 mg/dL.

Cardiovascular mortality, myocardial infarction, stroke, hospitalization due to unstable angina, or coronary artery revascularization.

bMortality due to coronary artery disease, non-fatal myocardial infarction, fatal or non-fatal stroke or hospitalization due to unstable angina.
###Although the associated p value was significant, the analysis was performed in a hierarchical fashion; thus, it cannot be assured that such as-

sociation was not by chance (nominal p-value).

ACS: acute coronary syndrome: ApoB: apolipoprotein B; HR: hazard ratio; Cl: confidence interval.
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Table 2. Indications of PCSK9 inhibitors recommended by reference institutions

NICE

ACC/AHA

ESC

Clinical condition

- Without cardiovascular disease:

a) Primary (non-familial) hypercholesterolemia
or mixed dyslipidemia (independent of LDL-
C levels).

b) Heterozygous familial hypercholesterolemia

- With cardiovascular disease:

a) Primary (non-familial) hypercholesterolemia
or mixed dyslipidemia and HIGH CARDIO-
VASCULAR RISK'

b) Primary (non-familial) hypercholesterolemia
or mixed dyslipidemia and VERY HIGH CAR-
DIOVASCULAR RISK?

) Heterozygous familial hypercholesterolemia
(independently of cardiovascular risk)

- With clinical atherosclerotic cardiovascular

disease and VERY HIGH RISK?

- Without clinical atherosclerotic cardiovascu-
lar disease:

a) Familial hypercholesterolemia

- With severe primary hypercholesterolemia:

a) Severe primary hypercholesterolemia (40 to
75 years, with baseline LDL-C >200 mg/dL,
independently of the calculated risk)

b) Heterozygous familial hypercholesterolemia
(30 to 75 years)

Secondary prevention:

a) With criteria of VERY HIGH RISK4

b) After an acute coronary syndrome (early af-

ter the event, during hospitalization).

c) After an acute coronary syndrome (4-6

weeks after the event)

- In heterozygous familial hypercholesterol-

emia and VERY HIGH RISK5

Indication

NO

If LDL-C >193 mg/dL

If LDL-C >155 mg/dL

If LDL-C >135 mg/dL

If LDL-C >135 mg/dL

If LDL-C >70 mg/dL or
non-HDL-C >100 mg/dL

If LDL-C >100 mg/dL

If LDL-C >130 mg/dL

If LDL-C >100 mg/dL

If LDL-C is not reduced by > 50%
compared with baseline levels and

LDL-C =55 mg/dL

If LDL-C is not reduced by >50%
compared with baseline levels and

LDL-C >55 mg/dL

If LDL-C is not reduced by >50%
compared with baseline levels and

LDL-C =55 mg/dL

If LDL-C is not reduced by >50%
compared with baseline levels and

LDL-C =55 mg/dL

Comments

If those LDL-C values persist.

Despite use of high-intensity statin
therapy or maximum tolerated dose of

statins and ezetimibe (class Ila).

Despite use of maximum tolerated dose
of statins and ezetimibe (value or use
not defined).

Despite use of maximum tolerated dose
of statins and ezetimibe (class IIb).
Despite use of maximum tolerated dose

of statins and ezetimibe (class IIb).

Despite use of maximum tolerated dose

of statins and ezetimibe (class I).

Despite previous use of maximum
tolerated dose of statins and ezetimibe

(class lla).

Despite use of maximum tolerated dose

of statins and ezetimibe (class ).

Despite use of maximum tolerated dose

of statins and ezetimibe (class I).



156 ARGENTINE JOURNAL OF CARDIOLOGY /VOL 88 N° 2 / APRIL 2020

Table 2. Indications of PCSK9 inhibitors recommended by reference institutions

Clinical condition Indication Comments

- In primary prevention: Despite use of maximum tolerated dose

a) with criteria of VERY HIGH RISK4 and with- If LDL-C is not reduced of statins and ezetimibe (class IIb).

out familial hypercholesterolemia by >50% compared with

baseline levels and LDL-C >55
mg/dL

- In patients intolerant to statins Even after rechallenge and associated

If According to target LDL-C with ezetimibe (class Ilb).

for the estimated risk

SAC - With established cardiovascular disease Despite use of maximum tolerated dose

If LDL-C >100 mg/dL or of statins and ezetimibe (class I).

non-HDL-C >130 mg/dL

- In heterozygous familial hypercholesterol- Despite use of maximum tolerated dose

emia If LDL-C >100 mg/dL or of statins and ezetimibe (class I).

a) associated with any of the following condi- non-HDL-C >130 mg/dL

tions:
Lp(a) > 50 mmol/L
diabetes mellitus
hypertension
family history
subclinical atherosclerosis

b) with no additional risk factors Despite use of maximum tolerated dose

If LDL-C >160 mg/dL or of statins and ezetimibe (class I).

non-HDL-C >190 mg/dL

TNICE - HIGH RISK: history of any of the following: acute coronary syndrome requiring hospitalization, coronary or other arterial revascularization
procedures, coronary artery disease, ischemic stroke, peripheral arterial disease.

2 NICE - VERY HIGH RISK: recurrent cardiovascular events or cardiovascular events in more than one vascular bed (polyvascular disease).

3 AHA/ACC - VERY HIGH RISK: history of multiple major atherosclerotic cardiovascular disease events or one major atherosclerotic cardiovascular
disease event and multiple high-risk conditions: age > 65 years; heterozygous familial hypercholesterolemia; history of prior coronary artery by-
pass surgery or percutaneous coronary intervention outside major atherosclerotic cardiovascular disease event(s); diabetes mellitus; hypertension;
chronic kidney disease (estimated glomerular filtration rate 15-59 mL/min/1.73 m2); current smoking; persistently elevated LDL-C >100 mg/dL de-
spite maximum tolerated statin therapy and ezetimibe; history of congestive heart failure.

4 ESC - VERY HIGH RISK: Documented atherosclerotic cardiovascular disease, clinical or unequivocal on imaging studies. Includes history of acute
coronary syndrome, stable angina, coronary artery revascularization (bypass graft surgery, percutaneous coronary intervention or other arterial
revascularization procedures), stroke, transient ischemic attack and peripheral arterial disease. Unequivocally documented cardiovascular disease
on imaging studies includes findings that have been shown to be strongly predictors of clinical events, such as significant plaque on coronary angi-
ography or CT scan (multivessel disease with stenosis >50% of two major epicardial coronary arteries) or carotid artery ultrasound. Diabetes mellitus
with target organ damage or with at least three risk factors, or early-onset type 1 diabetes lasting > 20 years. Chronic kidney disease (estimated
glomerular filtration rate <30 mL/min/1.73 m2). A calculated SCORE >10% for 10-year risk of fatal cardiovascular disease.

5 ESC - VERY HIGH RISK IN HETEROZYGOUS FAMILIAL HYPERCHOLESTEROLEMIA: patients with atherosclerotic cardiovascular disease or other major
risk factor.

the drug will be used. Consequently, what is proposed
in other countries should be considered as a reference
and not as an endorsement for the indication in our

vious sections provide a reference framework on the
patients who may obtain the greatest clinical benefit
from these drugs. However, the use of medications in

setting. In order to support the medical indication of
PSCK?9 inhibitors in our country, the most relevant is
the recommendation provided by the SAC, since it is a
local document that considers the epidemiological and
healthcare aspects of our country.

Eligibility: real-world clinical effectiveness and financial
impact
The clinical trials and guidelines discussed in the pre-

everyday healthcare practice raises concerns about
safety and effectiveness, to which PCSK9 inhibitors
are no exception.

The first item to be reviewed is the “eligibility” of
patients who are potential candidates for PCSK9 in-
hibitors. In line with the previous section, very high-
risk patients including those with a coronary artery
event, are potentially eligible under certain condi-
tions. Siniawski et al. analyzed 351 patients with
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documented coronary artery disease (87.2% with his-
tory of acute coronary syndrome). (63) At one-year fol-
low-up, only 0.6% of patients were eligible to receive
PCSK9 inhibitors according to SAC recommenda-
tions (62), despite 54.7% of patients did not meet the
target of 70 mg/dL C-LDL and 95.7% were receiving
statins. A priori, the proportion of patients eligible for
PCSKO inhibitors would be expected to be much high-
er. Among the explanations cited by the authors, only
48.4% were receiving high-intensity statins and 11.4%
were treated with ezetimibe, both conditions that are
considered mandatory in the process of optimizing
lipid-lowering therapy according to current recom-
mendations. Although the AHA/ACC and ESC recom-
mendations do not apply to our country as a standard,
if these criteria had been used, the percentage of can-
didates for PCSK9 inhibitors would have been only
4%. The authors proposed an ideal scenario, in which
all patients were receiving high-intensity statins and
ezetimibe, and, in that case, the percentage of patients
eligible to receive PCSK9 inhibitors rose to 12.8%, fol-
lowing SAC recommendations. Even though there
are few publications on this topic, the experiences of
other countries are similar to those reported in that
local study. A study conducted in two hospitals in the
United Kingdom including 596 patients with acute
coronary syndrome revealed that according to NICE
recommendations, 2.17% of these patients were eligi-
ble for PCSK9 inhibitors. (64) The authors found that
29.1% of patients had failed to reach the LDL-C target
despite receiving moderate or high-intensity statin
therapy. However, as ezetimibe, a mandatory first step
in optimizing lipid-lowering therapy, was underpre-
scribed, that option may have influenced the results
of the study.

In an Italian multicenter study of 3,074 post-in-
farction subjects, eligibility for PCSK9 inhibitors ac-
cording to the ESC/European Atherosclerosis Soci-
ety (EAS) 2017 guidelines was 9.8%; it was also seen
that 61.4% of patients were receiving high-intensity
statins and only 18% statins and ezetimibe. (65) Fi-
nally, a retrospective analysis of a database, albeit
with some methodological limitations, including
942 902 patients in the United States with history of
documented coronary artery disease, revealed that
only 66.9% were receiving statins (the study does not
specify statin intensity used) and 3% were receiving
ezetimibe. In that study, the use of PCSK9 inhibitors
(which were indicated only to patients who fulfilled
the eligibility AHA/ACC criteria) was of only 0.21%.
(66)

The other group of patients who are candidates
for PCSK9 inhibitors are those with familial hyper-
cholesterolemia. As only 1% of patients with familial
hypercholesterolemia are diagnosed, this population
is undertreated by definition. (67) At this point, it is
important to emphasize that the diagnostic criteria
recommended by the SAC are those of the Dutch Li-
pid Clinics Network. (62) The reports on the use of

PCSK9 inhibitors in familial hypercholesterolemia
usually come from lipid clinics or analysis of prescrip-
tion databases. A study of 271 patients with private
and public health coverage in the United States re-
ported that 54% of the subjects referred for treatment
with PCSK9 inhibitors had familial hypercholester-
olemia (half of them in primary prevention). None of
the patients reached LDL-C targets and use of high-
intensity statins in combination with ezetimibe was
around 30%. (68) A Spanish study of five referral cent-
ers for evaluation of treatment initiation with PCSK-
9 inhibitors reported that use of the association with
ezetimibe was also low (22%) in patients with familial
hypercholesterolemia in secondary prevention, 77% of
which were treated with moderate to high intensity
statins. (69)

Therefore, the first conclusion of this section is that
patients should receive the best possible treatment
before being considered candidates for PCSK9 in-
hibitors. However, treatment depends not only on the
prescription made but also on patient’s compliance,
persistence and adherence to treatments prescribed.
In general, in patients with chronic treatments, per-
sistence ranges from 30% to 50% for lipid-lowering
agents and anti-hypertensive drugs, even in our coun-
try. (70, 71) This issue is multi-faceted by definition,
as it involves accessibility to medications and to the
healthcare system, and patients’ preferences (72),
but we know that it has serious consequences for
health because discontinuation of treatment leads to
increased morbidity and mortality from cardiovascu-
lar causes. (73) The reasons that usually appear for
the discontinuation or even limitation of the dose of
statins received or prescribed include statin-associat-
ed muscle symptoms (SAMS) which, in some cases, de-
termine true intolerance. This is where the definition
of intolerance used becomes very important, and for
this purpose the SAC recommends the use of scoring
systems as a tool for identifying intolerant patients in
order to unify the criteria applicable to this heteroge-
neous subgroup of patients (Table 3). (62, 74)

This adverse effect is so complex that it is even
considered that the nocebo effect may be one of its
determinants. (75) Eligibility for PCSK9 inhibitors is
a complex process reflected by the fact that some stud-
ies assume that patients treated only with ezetimibe
are intolerant. (65) Bearing these considerations in
mind, statin intolerance represents a low percentage
of patients eligible for the use of PCSK9 inhibitors
in reports on eligibility, ranging from 2.2% to 6.6%
in secondary prevention patients. (63, 65) These per-
centages are much higher in referral centers and lipid
clinics. (68, 69)

Therefore, the second conclusion of this discussion
is that one must be very strict when categorizing a pa-
tient as intolerant, since the mere complaint of muscle
or joint pain or discomfort is not a criterion for defin-
ing statin intolerance and, consequently, patients are
inappropriately excluded from statin treatment and
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Table 3. Recommendations of the Argentine Society of Cardiology for the identification of statin intolerance

Is there statin intolerance?

a) Test withdrawal and rechallenge, to determine causal relationship with statin administration (avoid

rechallenge or manage it carefully in cases of rhabdomyolysis or severe myopathy). Use muscle symptom

scores to define causality between statins and muscle symptoms.

b) Verify the presence of predisposing factors: hypothyroidism, vitamin D deficit, polypharmacy,

pharmacological interaction.

c) Try with a second statin. Consider short half-life statins (simvastatin, fluvastatin, pravastatin).

d) Only in exceptional cases non-conventional regimes can be indicated (alternate-day regimen), considering

that the scientific evidence supports daily use of statins.

are forced to use PCSK9 inhibitors.

The other major concern in this section is the fi-
nancial impact. In this regard, it is important to note
that the information available on cost-effectiveness
and financial impact from other countries is complete-
ly useless in our setting because factors such as the
incidence and severity of the diseases, the availability
and use of health resources, treatment patterns and
prices are different. (76)

However, the information from other countries
can provide local estimates that contribute with objec-
tive information for our health decision makers, espe-
cially to deal with the coverage of new health technol-
ogy. Pharmacoeconomics analysis deals with this issue
in the case of medications. (77) This type of analyses
focusses on epidemiological aspects, use of resources,
efficacy, safety, effectiveness and costs of treatment of
a disease under current conditions compared with the
use of a new drug, and combines local, regional and
international data through a modelling methodology.
(78) In the case of PCSK9 inhibitors, when this review
was written, there was only one report that had ad-
dressed the potential financial impact of alirocumab on
the management of patients with heterozygous famil-
ial hypercholesterolemia, with and without prior car-
diovascular disease, who had private or social health-
care coverage. Based on local and regional data, this
study estimated that for those patients with this clini-
cal condition who did not reach LDL-C targets despite
treatment with high-intensity statins and ezetimibe,
the budgetary impact was marginal, considering spe-
cific cost and price conditions. (79) Healthcare service
pricing is one of the most important determinants of
accessibility to medicines in general, and specifically
in the case of PCSK9 inhibitors, since the magnitude
of the relative increase in treatment cost can have
a negative financial impact on the healthcare payer
(State, workers’ health insurance or private coverage)
and on patients, turning an adequate therapeutic op-
tion into a financial burden that is difficult to sustain
for the entire healthcare system.

In conclusion, we must be very accurate when se-
lecting patients eligible for PCSK9 inhibitors in dai-

Class | recommendation

Level of evidence C

Class | recommendation
Level of evidence C
Class | recommendation
Level of evidence C
Class Ilb recommendation

Level of evidence C

ly practice, maximizing conventional regimens and
strictly identifying statin intolerant patients. These
measures will most probably contribute, from our role
as healthcare providers, to further spread the use of
these drugs in the group of patients who obtain the
greatest benefit and who are precisely defined in the
SAC recommendations.
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