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Περίληψη

Σκοπός: Η καταγραφή των ασθενών που είναι υποψήφιοι για αγωγή με αναστολείς της PCSΚ9 
(proprotein convertase subtilisin/kexin type 9).
Μέθοδοι: Πρόκειται για μία αναδρομική μελέτη παρατήρησης στην οποία συμμετείχαν 1,000 
ενήλικοι ασθενείς που παρακολουθούνται στο εξωτερικό ιατρείο Λιπιδίων του Πανεπιστημια-
κού Νοσοκομείου Ιωαννίνων για ≥3 έτη. Οι κατηγορίες των ασθενών που ήταν υποψήφιοι για 
τη χορήγηση αναστολέων της PCSK9 ορίστηκαν σύμφωνα με τις κατευθυντήριες οδηγίες της 
Ελληνικής Εταιρείας Αθηροσκλήρωσης. Ως επιθετική αγωγή με στατίνη ορίστηκε εκείνη που 
αναμένεται να μειώσει τα επίπεδα της χοληστερόλης των χαμηλής πυκνότητας λιποπρωτεϊνών 
(LDL-C) κατά ≥50%.
Αποτελέσματα: Από το σύνολο των ατόμων που συμμετείχε στη μελέτη, το 17% των ατόμων 
είχε διαγνωσθεί με CVD, το 6% με σακχαρώδη διαβήτη τύπου 2 και βλάβη οργάνου στόχου, το 
11% των ατόμων είχε οικογενή υπερχοληστερολαιμία (FH) και το 4% εμφάνισε δυσανεξία στη 
στατίνη. Τα επίπεδα της LDL-C για τις 3 κατηγορίες ασθενών που ελάμβαναν επιθετική υπο-
λιπιδαιμική αγωγή ήταν 97 mg/dL (εύρος:46-305), 69mg/dL (εύρος:54-159) και 107 mg/dL 
(εύρος:45-242), αντίστοιχα, ενώ τα άτομα που εμφάνισαν δυσανεξία στις στατίνες και ελάμβα-
ναν οποιαδήποτε υπολιπιδαιμική αγωγή σε ανεκτή δόση είχαν επίπεδα LDL-C 104 mg/dL (εύ-
ρος:32-230). Από τους ασθενείς που ελάμβαναν επιθετική υπολιπιδαιμική αγωγή, 11 από τους 
27 ασθενείς με CVD, 1 από τους 5 διαβητικούς ασθενείς με βλάβη οργάνου στόχου και 10 από 
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τους 51 ασθενείς με FH ήταν υποψήφιοι για αγωγή με αναστολείς της PCSK9. Αντίστοιχα, 12 
από τους 41 ασθενείς που εμφάνισαν δυσανεξία στις στατίνες ήταν επίσης υποψήφιος να λά-
βει αναστολείς της PCSK9. 
Συμπεράσματα: Ένα ικανό ποσοστό υπερλιπιδαιμικών ασθενών υψηλού κινδύνου και ιδιαί-
τερα οι ασθενείς με καρδιαγγειακή νόσο και FH δεν επιτυγχάνουν τους στόχους της αγωγής 
όσον αφορά τη LDL-C και είναι υποψήφιοι για αγωγή με αναστολείς της PCSK9.

Λέξεις – Κλειδιά: επίτευξη, στόχοι, χοληστερόλη, PCSK9 αναστολείς

Clinical application of PCSK9 inhibitors in 
a specialized lipid clinic 
Fotios Barkas 1,2, Evangelos Liberopoulos 1,2, Anastazia Kei 1,2, Andromachi Makri 2, Efstathia 
Megapanou 1,2, Adelaida Pantazi 2, Moses Elisaf 1,2, George Liamis 1,2 

1 Department of Internal Medicine, School of Medicine, University of Ioannina, Ioannina, Greece
2 2nd Department of Internal Medicine, University Hospital of Ioannina, Ioannina, Greece

Summary

Aim: To record how many patients are candidates for treatment with proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitors in the setting of a specialized lipid clinic.

Methods: This was a retrospective observational study including 1,000 adult dyslipidemic 
patients followed-up for ≥ 3 years in a specialized lipid clinic. The groups of patients being 
candidates for PCSK9 inhibitors were defined according to the guidelines of Hellenic 
Atherosclerosis Society. As high intensity statins were considered those expected to reduce 
low-density lipoprotein cholesterol (LDL-C) levels by ≥50%.

Results: Of the total study participants, 17% of the subjects were diagnosed with 
cardiovascular disease (CVD), 6% with type 2 diabetes and target organ damage, 11% 
had familial hypercholesterolemia (FH) and 4% exhibited statin intolerance. LDL-C levels 
for the first three groups of patients receiving high intensity statin treatment were 97 
mg/dL (46-305), 69 mg/dL (54-159) and 107 mg/dL (45-242), respectively. Patients with 
statin intolerance and receiving any hypolipidemic treatment at any tolerable dose had 
LDL-C levels of 104 mg/dL (32-230). Of the patients receiving aggressive lipid-lowering 
treatment, 11 out of 27 CVD patients and one of 5 diabetic patients with target organ 
damage had LDL-C ≥100 mg/dL, whereas 10 of 51 FH patients had LDL-C ≥130 mg/dL. 
Correspondingly, 12 out of the 41 patients who had statin intolerance were also candidates 
for PCSK9 inhibitors.

Conclusions: A considerable proportion of hyperlipidemic patients at high cardiovascular 
risk and especially those with FH, do not achieve optimal LDL-C levels and are candidates 
for treatment with PCSK9 inhibitors.

Keywords: target, achievement, attainment, cholesterol, PCSK9 inhibitors

120 teyxos.indd   230 6/12/18   23:39



Τεύχος 120 Οκτώβριος - Δεκέμβριος 2018 231

Introduction
Cardiovascular (CV) disease remains the major 

leading cause of mortality in the developed 
countries.[1] Although statins are the cornerstone 
therapy for the primary and secondary CV 
prevention [2], since the statin-mediated 
cholesterol reduction reduces CV mortality [3], 
a considerable proportion of patients remains 
undertreated in everyday clinical practice.[4-6] In 
both Greece and the rest European countries a few 
patients do not receive intensive hypolipidemic 
therapy and mostly those at very high CV risk 
do not achieve optimal low-density lipoprotein 
cholesterol (LDL-C) levels as proposed by the 
European guidelines.[4-9] Nevertheless, even 
the prescription of high doses of high-intensity 
statins do not lead to effective LDL-C reduction.
[8, 10-13] On the other hand, combination 
therapies of a statin with other hypolipidemic 
drugs, such as ezetimibe or the inhibitors of 
proprotein convertase subtilisin/kexin type 9 
(PCSK9), induce greater LDL-C reduction rather 
than statin monotherapy.[14, 15] Considering the 
controversial results of the studies evaluating the 
cost-effectiveness of the PCSK9 inhibitors [16-
22], it would be of great interest to record the 
patients who would be candidate to take such 
treatment in clinical practice.

In the present study, we aimed to evaluate the 
rates of LDL-C target attainment according to the 
recent guidelines of the Hellenic Atherosclerosis 
Society (HAS) and to record the proportion of the 
candidates for treatment with PCSK9 inhibitors 
according to the Consensus Panel of the Hellenic 
Atherosclerosis Society.[23, 24]

Methods
As previously described, this was a retrospective 

study including 1,000 adult dyslipidemic individuals 
with a follow-up of ≥3 years who attended the 
Outpatient Lipid Clinic of University Hospital of 
Ioannina in Greece.[7-9] The study protocol was 
approved by the institutional Ethics Committee.

Demographic characteristics as well as clinical 
and laboratory data were recorded. These 
included age, gender, smoking status and body 
mass index (BMI) together with history of CV risk 
factors and concomitant diseases. Prescribed 

lipid-lowering medications were also recorded, 
including the name and dose of statins and other 
lipid-lowering drugs (i.e. ezetimibe, colesevelam, 
fibrates and ω-3 fatty acids). Study participants 
were classified into three CV risk categories: very 
high, high and moderate according to the HAS 
guidelines.[23] The corresponding LDL-C goals 
were 50% LDL-C reduction and LDL-C <70 mg/dL, 
<100 mg/dL and <115 mg/dL, respectively. In our 
cohort, subjects were stratified in CV risk groups 
according to the HAS guidelines and ten-year 
cardiovascular risk was estimated by the Hellenic 
SCORE.[25] Familial Hypercholesterolemia (FH) 
was defined according to the diagnostic criteria 
of Dutch Lipid Clinic Network. Hyperlipidemic 
individuals fulfilling the criteria of ‘definite’ or 
‘probable’ FH were considered as heterozygous 
FH patients in the present study.

The intensity of statin therapy was classified 
as high, moderate and low on the basis of 
the average expected LDL-C lowering of 50, 
30–50 and <30%, respectively. Daily doses of 
atorvastatin 40–80 mg and rosuvastatin 20–40 
mg were considered as high-intensity statins. 

According to the Hellenic Expert Consensus, the 
eligible patients for administration of monoclonal 
antibodies against PCSK9 are the following: 1) 
Adult patients with established atherosclerotic 
CV disease or diabetic patients with known CV 
disease or chronic kidney disease (estimated 
glomerular filtration rate ≤60 mL/min/1.73 m2 
and/or albuminuria for at least 3 months) or 
other target organ damage who have LDL-C 
≥100 mg/dl despite being under appropriate 
health-diet and pharmaceutical treatment with 
the maximum tolerated dose of a high-intensity 
statin (atorvastatin 40/80 mg or rosuvastatin 
20/40 mg) + ezetimibe 10 mg, 2) adult patients 
with FH without known atherosclerotic CV disease 
and LDL-C ≥130 mg/dL despite being under 
appropriate and pharmaceutical treatment with 
the maximum tolerated dose of a high-intensity 
(atorvastatin 40/80 mg or rosuvastatin 20/40 
mg) + ezetimibe 10 mg and 3) high- or very high-
risk patients (HELLENIC SCORE >5% or >10%, 
respectively) who are intolerant to statins and 
have LDL-C ≥130 or ≥100 mg/dL, respectively, 
under any tolerated lipid-lowering treatment.[24]
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For the purposes of the present analysis we 
report: 1) the rates of LDL-C goal achievement 
and 2) the proportion of the candidates for 
administration of monoclonal antibodies against 
PCSK9. 

Statistical analysis
Analysis of efficacy parameters was performed 

descriptively. Continuous numeric variables were 
expressed as mean ± standard deviation and 
median (interquartile range; IQR) if Gaussian 
or non-Gaussian distributed, respectively. 
For categorical values, frequency counts and 
percentages were applied. Chi-square tests were 
performed for interactions between categorical 
values. The difference of variables between 2 or 
more groups was assessed by analysis of variance 
(ANOVA) and post-hoc least significant difference 
(LSD) tests were used for the comparison of 
variables or ratios of interest between two 
groups. Two-tailed significance was defined as 
p <0.05. Data analysis was performed using the 
Statistical Package for Social Sciences (SPSS) 
23.0 software (SPSS IBM Corporation, Armong, 
NY, USA).

Results
Study population

A total of 1,000 subjects were included and 
followed up for a median of 6 years (4-10). 
Demographic and clinical characteristics of the 
study population are shown in Table 1. Subjects’ 
median age was 64 years and 45% of those were 
males. Of note, 17% of the study participants 
were diagnosed with CV disease, 6% had diabetes 
with target organ damage and 11% fulfilled the 
criteria for FH.

Ninety four percent of subjects were on lipid-
lowering therapy: 91% on statins (68% on statin 
monotherapy and 32% on combined therapy). 
In 25% of subjects statins were combined 
with ezetimibe, 5% with ω-3 fatty acids, 4% 
with fibrates, and 1% with colesevelam. Some 
patients were on triple combinations (e.g. statin 
+ ezetimibe + fibrate). Among non-statin treated 
patients (9% of the whole population), 69% were 
not on any lipid-lowering medication, 24% were 
on fibrates, 9% on ezetimibe and 7% on ω-3 fatty 

acids. Four percent of all patients were unable to 
tolerate even low-dose statin treatment.

Selected lipid-lowering therapies 
and LDL-C goal achievement across CV risk 

groups
Selected lipid-lowering treatment and rates of 

LDL-C target achievement across CV risk groups 
are shown in Table 2. Patients at ‘very-high’ CV 
risk were more likely to receive ‘high-intensity’ 
statin treatment compared with those at ‘high’ 
and ‘moderate’ CV risk, while approximately half 
of patients in each CV risk group were treated 
with a ‘moderate-intensity’ statin therapy (Table 
2). A non-significant trend towards a higher rate 
of a statin + ezetimibe combination treatment 
was noted in subjects at ‘very-high’ and ‘high’ CV 
risk compared with those at ‘moderate’ CV risk 
(Table 2). 

Patients at ‘very-high’ CV risk had the lowest rate 
of LDL-C target attainment compared with the 
other 2 groups (16 vs 27 vs 59%, p <0.05) (Table 
2). The combination treatment of a statin with 
ezetimibe achieved higher rates of LDL-C target 
attainment compared with statin monotherapy 
(41 vs 27%, p <0.05), whereas the additional 
use of ezetimibe boosted the anticipated 
LDL-C reduction ≥50% of high-intensity statin 
monotherapy (76 vs 47%, p <0.05).

Candidates for administration of 
monoclonal antibodies against PCSK9

Table 3 presents the median LDL-C levels of 
patients taking high-intensity statin therapy plus 
ezetimibe. Of the patients receiving aggressive 
lipid-lowering treatment, 11 out of 27 patients 
with CV disease and one of 5 diabetic patients 
with target organ damage had LDL-C ≥100 mg/
dL, whereas 10 of 51 FH patients had LDL-C 
≥130 mg/dL. Correspondingly, 12 out of the 41 
patients who had statin intolerance were also 
candidates for PCSK9 inhibitors.

Discussion
The present study shows that LDL-C target 

attainment remains poor in everyday clinical 
practice. Although the use of combination statin 
therapy with ezetimibe boosts LDL-C reduction, a 

120 teyxos.indd   232 6/12/18   23:39



Τεύχος 120 Οκτώβριος - Δεκέμβριος 2018 233

considerable proportion of high risk patients and 
especially those with CV disease or FH, remain 
undertreated and are candidates for therapy with 
PCSK9 inhibitors.

LDL-C reduction remains the main target 
of primary and secondary CV prevention.[2] 
Nevertheless, our results showing that LDL-C 
goal achievement is far from optimal in everyday 
clinical practice are in agreement with previously 
published studies. EUROASPIRE IV, a cross-
sectional trial conducted in 24 European countries 
with a total of 16,426 study participants, showed 
similar low rates of LDL-C goal achievement, mostly 
in those with coronary heart disease (19.3%).[6] 
Furthermore, Dyslipidemia International Study II 
(DYSIS II) demonstrated that only 29.4% of the 
enrolled 10,661 patients with coronary heart 
disease had optimal LDL-C levels.[5]  Likewise, 
additional studies have demonstrated low rates 
of LDL-C target attainment not only in patients 
with CV disease [4, 26, 27], but also in other 
high risk patients, such as those with diabetes 
and FH.[28-30] Of note, our rates of LDL-C goal 
achievement were the lowest compared with the 
aforementioned studies. This could be attributed 
to the fact that our study adapted the most recent 
guidelines which additionally require the stringent 
target of the anticipated 50% LDL-C reduction in 
high risk individuals.

There are several reasons accounting for poor 
LDL-C target attainment in clinical practice. First, 
compliance with treatment should be considered. 
A previous analysis of ours along with other 
studies have shown that poor compliers exhibit 
lower rates of LDL-C attainment compared with 
good compliers.[9, 31] This issue is relevant since 
poor adherence to lipid-lowering treatment has 
been associated with increased CV morbidity 
and mortality.[32] Some strategies can increase 
compliance with treatment. For instance, fixed-
dose combinations of lipid-lowering medications 
can improve compliance leading to a long overdue 
reduction in CV events.[33] In addition, reluctance 
of physicians to prescribe a more aggressive 
lipid-lowering therapy plays a detrimental role. 
Indeed, high doses of statin therapy are avoided 
in everyday clinical practice due to the fear of 
potential side effects.[7, 9] In our study, almost 

half of the patients at high CV risk were taking 
high-intensity statin and only 25% of those 
were taking combination therapy of a statin plus 
ezetimibe. Similarly to ours, previously published 
studies have demonstrated that statin utilization 
is low in clinical practice, even in very-high and 
high risk patients.[11, 34] Thus, more aggressive 
lipid lowering therapies, such as statin therapy 
at maximal dose or combination treatment with 
ezetimibe, are needed in order to increase LDL-C 
target attainment. Indeed, our results showed 
that combination statin therapy with ezetimibe 
achieved higher rates of LDL-C goal achievement 
compared with statin monotherapy, whereas 
the additional use of ezetimibe on high intensity 
statin treatment boosted the anticipated LDL-C 
reduction ≥50%.[8] Nevertheless, a considerable 
proportion of patients at high risk, such as those 
with CV disease or FH, remained undertreated 
in our study despite their potent lipid-lowering 
therapy. Indeed, high-intensity statin therapy does 
not always achieve ≥50% LDL-C reduction [13], 
whereas optimal LDL-C goal achievement in FH 
patients remains a challenge in clinical practice.
[12, 35] Finally, statin intolerance, which appears 
more common in real world practice than the 
randomized trials [36], might be a reason for poor 
LDL-C target attainment, since such individuals 
cannot tolerate statin at maximal doses if not 
at all. This has attracted most attention, given 
the well-established consequences of increased 
cardiovascular events and mortality associated 
with statin discontinuation.[37] In this context, 
new treatment modalities are needed in order 
to overcome the issue of poor LDL-C target 
attainment in everyday clinical practice.

Several trial and meta-analyses have endorsed 
the effectiveness of PCSK9 inhibitors in LDL-C 
reduction.[15, 38, 39] Considering the recent 
results of the FOURIER (Further Cardiovascular 
Outcomes Research with PCSK9 Inhibition in 
Subjects with Elevated Risk) trial showing that 
the use of evolocumab on a background of 
statin therapy reduced the risk of CV events by 
15% [40], current guidelines propose the use 
of PCSK9 inhibitors in certain patient groups.
[24] Nevertheless, there is a debate whether 
these drugs should be widely used in the market 

120 teyxos.indd   233 6/12/18   23:39



HJM234

because of their neural effect on mortality and 
their cost.[18] Several analyses argue that 
PCSK9 inhibitor use even in patients with FH or 
CV disease does not meet generally acceptable 
incremental cost-effectiveness thresholds and 
they have reached the conclusion that significant 
discounts are necessary to meet conventional 
cost-effectiveness standards.[17, 41, 42] 
Considering this debate, there is an urgent need 
for trials identifying the proportion of patients 
being candidates for PCSK9 inhibitors in everyday 
clinical practice. To the best of our knowledge, our 
trial was the first to evaluate the applicability of 
PCSK9 inhibitors in the setting of a lipid clinic. Our 
results showed that a considerable proportion of 
patients diagnosed with either CV disease or 
FH are candidates for treatment with PCSK9 
inhibitors (40 and 20%, respectively), despite 

taking aggressive lipid-lowering therapy. Thus, 
our study highlights the need for future policies 
reducing the cost of PCSK9 inhibitors therapies, 
whereas physicians should be alarmed to identify 
those patients who remain undertreated and are 
candidates for such treatment. 

Conclusion
Despite the available lipid-lowering drugs, 

the majority of patients at high CV risk are 
either mistreated or undertreated. Although the 
additional use of ezetimibe on high-intensity statin 
therapy boosts LDL-C reduction, a considerable 
proportion of patients with CV disease or FH 
remain undertreated and are candidates for 
administration of monoclonal antibodies against 
PCSK9.

Table 1 Demographic and clinical characteristics of the study population. 
Variable Total study participants (n=1000)
Age, years 64 (55-72)
Male sex, % 45
Smoking, % 15
Family history of premature  coronary heart  
disease, %

23

Metabolic syndrome, % 55
Hypertension, % 73
Body mass index, kg/m2 28.3 (25.7-31.1)
Systolic blood pressure, mmHg 130 (120-136)
Diastolic blood pressure, mmHg 78 (72-84)
Total cholesterol, mg/dL 178 (154-200)
Triglycerides, mg/dL 112 (84-150)
High-density lipoprotein cholesterol, mg/dL 53 (45-62)
Low-density lipoprotein cholesterol, mg/dL 98 (79-117)
Lipid-lowering treatment, % ¥ 94
Statin treatment, % 91
Cardiovascular risk, %
Very-high 47
High 41
Moderate 12
Morbidities, %
Diabetes 21
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Diabetes with target organ damage 6
Chronic kidney disease 18
Cardiovascular disease 17
Familial hypercholesterolemia 11
Statin intolerance 4

Values are expressed as median (range).

Table 2. Lipid-lowering treatment and LDL-C target attainment across the CV risk 
groups.
Variable Cardiovascular risk groups

‘Moderate’ risk 
(n=115)

‘High’ risk 
(n=408)

‘Very-high’ risk (n=477)

Intensity of statin 
treatment
‘High-intensity’, % 17* 27* 40
‘Moderate-intensity’,  % 55 57 53
‘Low-intensity’, % 7* 4* 1
No statin treatment,  % 21* 12* 6
Statin plus ezetimibe, % 19 24 24
High intensity statin  plus 
ezetimibe, %

6 11 13

LDL-C target  attainment, % 59* 27* 16

ANOVA analysis was performed across cardiovascular risk groups
* p <0.05 for the post-hoc LSD comparison with individuals at ‘very-high’ cardiovascular risk 
Abbreviations: LDL-C: low-density lipoprotein cholesterol; ANOVA: Analysis of variance; LSD: least 

significant difference

Table 3. LDL-C levels of patients taking high-intensity statin therapy with ezetimibe. 
Variable LDL-C levels (mg/dL)

Median (range)
<70 mg/

dL (n)
70-100 

mg/dL (n)
100-130 
mg/dL (n)

>130 mg/
dL (n)

Adult patients with established 
CV disease (n=27)

97 (46-305) 7 9 5 6

Diabetic patients with target 
organ damage (n=5)

69 (54-159) 4 0 1 0

FH patients without CV disease 
(n=51)

107 (45-242) 6 14 20 10

Patients with statin intolerance 
(n=41)

104 (32-230) 4 17 8 12

Abbreviations: LDL-C = low-density lipoprotein cholesterol, CV = cardiovascular, FH = familial 
hypercholesterolemia
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