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Abstract
Purpose of Review  PCSK9 inhibitors have been shown to be the most effective class of drugs modifying the levels of LDL-
cholesterol as the main risk factor for atherosclerotic cardiovascular disease. The aim of this paper is to assess the effect of 
monoclonal antibodies on lipid and lipoprotein metabolism in real-world practice.
Recent Findings  The outcome trials showed effective reduction of LDL-C by 56–62%. Landmark studies enrolling over a 
total of 46,000 patients with CHD in their medical history demonstrated the beneficial effect of both agents on cardiovascular 
morbidity and mortality. The data from real everyday clinical practice are very limited or missing.
Summary  Even in real-world practice, PCSK9 inhibitors have been shown to be an effective, safe, and well-tolerated class 
of drugs with effects comparable with those reported from large randomized controlled trials.

Keywords  Atherosclerotic cardiovascular disease (ASCVD) · LDL cholesterol · PCSK9 inhibitors · Alirocumab · 
Evolocumab · Real-world data (RWD)

Introduction

Despite the incessant advances in diagnostic and therapeu-
tic technology and strategies, atherosclerotic cardiovascular 
disease (ASCVD) remains — not only in the Czech Republic 
— the leading cause of death responsible for almost 50% of 
total mortality [1]. A large body of evidence has accumu-
lated about the role of low-density lipoprotein cholesterol 
(LDL-C) as the main risk factor for atherosclerosis as a 
springboard for the development of cardiovascular disease. 
Hence, LDL-C is the ultimate target in the management of 
dyslipidemias, with the current first-line class of drugs of 

choice being statins. In line with the guidelines developed 
by the respective European professional societies [2], statins 
are administered at their maximum tolerated doses, and, in 
patients failing to achieve LDL-C targets, it is recommended 
to add ezetimibe. In recent years, the arsenal of lipid-lower-
ing drugs has expanded with the advent of proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) inhibitors.

The pace of research in the field of PCSK9 inhibitors has 
been astonishingly fast. The proprotein convertase subtilisin 
kexin type 9 (PCSK9) protein was discovered in the early 
2000s and was soon shown to bind to the LDL-C receptor. 
The discovery that individuals with hereditary loss-of-func-
tion mutations in the PCSK9 gene have low LDL-C levels 
accelerated research with the first clinical trials launched in 
2009 [3, 4]. Currently, 2 active substances — evolocumab 
and alirocumab — are available; both are administered sub-
cutaneously every 2 weeks and were approved for the Czech 
market on June 1, 2018.

Aim of Study

Our study was designed to establish the extent to which the 
outcomes of therapy with PCSK9 inhibitors in real-world 
practice compare with those reported by large randomized 

Between 1 October 2020 and 1 February 2021, the target LDL-
levels for alirocumab and evolocumab, respectively, were further 
decreased, a fact not reflected in this manuscript given the time of 
patient enrolment.
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trials. The endpoints included a host of variables of lipid and 
lipoprotein metabolism as well as safety and tolerability of 
PCSK9 inhibitors.

We assessed the effect of PCSK9 inhibitor therapy on 
the entire study group and compared separately groups of 
patients with vs. without the diagnosis of familial hyper-
cholesterolemia (FH), patients in primary and secondary 
ASCVD prevention and, also, those treated with a PCSK9 
inhibitor in monotherapy vs. those receiving a PCSK9 inhib-
itor in combination with a statin.

Further, we were interested to know whether or not there 
is a correlation between baseline LDL-C levels and their 
decrease relative to therapy. Likewise, we focused on any 
potential differences in the effect and tolerability of both 
active substances — alirocumab and evolocumab. Given the 
size of our study group and study duration, the protocol did 
not include cardiovascular endpoints.

Patients and Methods

As the use of PCSK9 inhibitors in the Czech Republic is 
currently limited by the local healthcare reimbursement poli-
cies, study participants were enrolled based on the applica-
ble criteria allowing to reimburse treatment in 2 indications.

The first major subgroup included FH patients (in primary 
or secondary ASCVD prevention) with LDL-C levels ≥ 4 
mmol/l despite maximum tolerated statin doses. For therapy 
to be reimbursable, ezetimibe has also to be administered 
as add-on therapy except for cases where LDL-C levels are 
> 50% than the target for the respective the cardiovascular 
risk category (in statin-naïve patients) or > 20% (in patients 
already receiving a statin at a maximum tolerated dose). If 
the patient does not take a statin because of intolerance, this 
fact must be noted in their medical records. In our study 
participants, the diagnosis of FH was established using the 
Dutch Lipid Clinic Network Criteria (DLCNC) [5].

The second major subgroup included patients in second-
ary ASCVD prevention defined by the Czech healthcare 
reimbursement policies as the presence of coronary heart 
disease (CHD), peripheral arterial disease (PAD), or post-
stroke status including transient ischemic attack (TIA) as 
well as status post-revascularization. These patients were 
indicated for therapy on condition that, despite maximum 
tolerated lipid-lowering therapy, their LDL-C levels were 
≥ 3 mmol/l [5].

Patients not meeting the reimbursement criteria and self-
payers were not eligible for inclusion.

Overall, the study group included 314 patients (138 
men and 176 women) with a mean age of 63 years (range, 
24–89 years), enrolled in a Prague-based hospital between 
31 July 2018 and 30 September 2020. Data were collected 
until 31 December 2020. Study participants had laboratory 

tests before therapy initiation and, subsequently, at 12 and 
24 weeks, and at 1 and 2 years to assess the trajectories 
of 6 pre-defined endpoints over time: LDL-cholesterol 
(LDL-C), total cholesterol (TC), lipoprotein (a) Lp(a), 
apolipoprotein B (apoB), high-density lipoprotein choles-
terol (HDL-C), and triglycerides (Tg). Further, the study 
investigated the impact of therapy on variables of glucose 
metabolism (glycemia, glycated hemoglobin). The safety 
of therapy was evaluated using both physical examination 
and laboratory tests.

Complete lipid profile is available for all 314 patients 
at the beginning of the observation and in week 12. As the 
study progressed, depending on the time when the patient 
was included, the number of patients for whom we have 
complete data decreased gradually from 271 patients in 
week 24, 201 patients after 1 year to 73 patients after 2 years 
of treatment.

The subgroup of FH patients included 207 (65% of 
total) individuals, of which number 142 (69%) were in pri-
mary prevention and 65 (31%) in secondary prevention of 
ASCVD. On therapy initiation, secondary ASCVD preven-
tion had been underway in 172 patients (55%) with FH diag-
nosed in 65 (38%); hence, secondary prevention (without 
FH) was indicated in 107 participants. The mean baseline 
LDL-C levels in FH and non-FH patients were 5.03 ± 1.43 
(2.21–14.30) mmol/l and 3.75 ± 0.80 (2.02–6.28) mmol/l, 
respectively. Regarding cardiovascular prevention, baseline 
LDL-C levels in patients not diagnosed with ASCVD were 
5.40 ± 1.40 (3.56–14.30) mmol/l whereas the values of 
patients in secondary ASCVD prevention were 3.93 ± 0.96 
(2.02–9.30) mmol/l.

Patients were treated with evolocumab 140 mg or ali-
rocumab 75 mg (150 mg if necessary).

They were not randomized to the treatment; therapy was 
selected according to the decision of indicating physicians 
in an effort to maintain an approximately equal representa-
tion of both of them, alirocumab as well as evolocumab. 
There were 156 patients receiving only evolocumab and 113 
patients treated exclusively with alirocumab. The remaining 
45 participants used both active substances (but separately) 
during the study, with therapy switched because of side 
effects or inadequate effect of therapy with one of the study 
drugs. To avoid any bias, data of the latter subgroup were 
put aside and will not be further discussed.

A total of 166 (53%) study participants were statin-intol-
erant patients thus taking a PCSK9 inhibitor either in mono-
therapy or in combination with ezetimibe. Conversely, 148 
of those enrolled (47%) had a history of statin use, of whom 
82 (26% of the entire group) were using statin even at a 
maximum dose. The mean baseline LDL-C levels in patients 
receiving a statin at a maximum dose were 4.18 mmol/l ± 
1.62 mmol/l; in completely statin-intolerant patients, the 
levels were 4.95 ± 1.26 mmol/l.
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Regarding smoking status, a greater proportion of the 
participants was made up of smokers and ex-smokers (157) 
vs. non-smokers (138). No information about smoking status 
was available in 19 patients.

Statistical Analysis

Statistical analysis was performed using STATISTICA 13 
software (TIBCO Software Inc., Palo Alto, CA, USA). To 
assess the development of individual variables over time, 
their mean values at pre-defined time points were calculated 
and compared with baseline using the two sample t-test.

Results

The primary endpoint was change in LDL-C levels declining 
from a mean baseline of 4.59 ± 1.39 mmol/l to 1.87 ± 1.24 
mmol/l at 12 weeks (–59.4%). The effect was persistent to 
become even stronger with LDL-C levels reaching a mean 
value of 1.72 ± 0.98 mmol/l at 2 years (–62.6%), statistically 
significant values.

The levels of TC decreased from a mean baseline of 6.88 
mmol/l to 3.86 mmol/l at the end of the study showing a 
mean decrease of 41.7% at 12 weeks and 43.9% at 2 years, 
again a significant outcome.

Lipoprotein Lp(a) levels declined from a mean baseline 
of 0.79 to 0.59 g/l (–25.4%) at 12 weeks and further down 
to 0.51 g/l (–35.5%) at 24 weeks into the study. Results at 1 
and 2 years were available in only a small number of patients 
and were statistically non-significant.

The changes in apolipoprotein B levels followed the pat-
tern seen in LDL-C levels. While mean apoB levels fell by 
54.2% at 12 weeks, the decrease vs. baseline was 58.1% at 2 
years, again statistically significant improvement.

No major changes were noted in HDL-C levels, which 
rose slightly (by 4%) at 12 weeks and by 5.6% at 2 years; 
however, the differences were non-significant.

The decrease in Tg levels from 2.13 mmol/l at baseline to 
1.62 mmol/l at 12 weeks and further down to 1.49 mmol/l 
at 2 years was statistically significant (–30.3% vs. baseline), 
with the levels reaching targets set by the 2019 ESC/EAS 
Guidelines for the management of dyslipidemias [2]; this 
variable, however, was not the primary focus of treatment 
with PCSK9 inhibitors.

Glucose metabolism was not affected by the therapy.
An overview of the development of all variables overtime 

is available in Table 1 and Fig. 1.
Apart from the courses of the above variables across the 

whole group, our study sought to identify any differences in 
the effect of therapy between individual patient subgroups. 
On entering the study, LDL-C levels of FH patients were 

higher (5.03 mmol/l) than those of non-FH patients (3.75 
mmol/l).

However, the dynamics of decrease after therapy initia-
tion were similar, with LDL-C dropping by 56.7% and 61.8% 
at 12 and 24 weeks in FH patients as against 67.4% and 
68.8% in non-FH patients, respectively. In addition, while, 
in the FH group, LDL-C levels continued to decline stead-
ily from 1 year onward, an opposite trend (a slight increase) 
was observed in non-FH patients. The LDL-C levels in 
FH patients (at 2 years) at the end of the study were 1.83 
mmol/l (a drop by 3.19 mmol/l, i.e., –63.5% vs. baseline); 
the respective figures in non-FH patients were 1.42 mmol/l 
(a drop by 2.34 mmol/l, i.e., –62.3% vs. baseline). The dif-
ferences were significant.

Patients in primary ASCVD prevention enrolled in 
the project with higher LDL-C levels (5.40 mmol/l) than 
those in secondary prevention (3.93 mmol/l). However, 
the dynamics of decrease after therapy initiation showed 
an almost similar pattern, with LDL-C levels falling by 
55.7% and 61.5% at 12 and 24 weeks in patients in primary 
prevention and by 63.9% and 66.3% in those in secondary 
ASCVD prevention. In addition, while, in the primary pre-
vention group, LDL-C levels continued to decline steadily 
from 1 year onward, an opposite trend (a slight increase) was 
observed in the secondary prevention group. At 2 years into 
the study, LDL-C levels in primary prevention participants 
reached 2.07 mmol/l (a decrease of 3.33 mmol/l, i.e., –61.7% 
vs. baseline), with the respective figures for the secondary 
prevention subgroup being 1.41 mmol/l (a decrease of 2.52 
mmol/l, i.e., –64.2% vs. baseline).

On therapy initiation, completely statin-intolerant par-
ticipants had higher LDL-C than those already being treated 
with a statin at a maximum (or lower-than-maximum) dose. 
However, the dynamics in response to therapy was already 
similar in all 3 main subgroups. While, by week 12, LDL-C 
levels in patients not on statin therapy decreased by 55% to 
further decline after week 24 onward, in patients receiving 
maximum (or lower-than-maximum) statin dose, the levels 
fell by 65.2% (or 65%, respectively) to start rising steadily 
from week 24 onward. The values at the end of the study 
differed significantly at 2 years being 59.3% in completely 
statin-intolerant patients, and 64% and 63% in patients 
receiving statins at maximum and lower-than-maximum 
doses, respectively.

Statistically, significant differences were also found 
between the groups based on the agents received. Here, 
our entire study population was divided into another 3 sub-
groups. The first two subgroups comprised patients treated 
throughout the study with either evolocumab or alirocumab. 
The third subgroup was made up of patients switched over 
from evolocumab to alirocumab or vice versa; data of this 
subgroup were not analyzed.
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Patients in the two first subgroups had similar base-
line LDL-C levels. By 12 weeks, the LDL-C levels of 
the alirocumab-only subgroup fell by 55.5% to continue 
decreasing steadily from week 24 onward while, in the 
evolocumab-only subgroup, the decrease at 12 weeks was 
66.1% with the levels continuing to rise steadily from 
week 24 onward. At 2 years into the study, the decrease in 
the alirocumab-only and evolocumab-only subgroups was 
64.7% and 61.0%, respectively, a statistically significant 
difference.

We also sought to determine whether or not there is a 
relationship between the absolute changes in LDL-C vs. 
baseline. Using Pearson’s correlation coefficient (Pearson’s 
r), the test showed a value of –0.7147, hence, a moderately 
strong inverse correlation, that is, the higher the baseline 
LDL-C levels, the less was the decrease in absolute num-
bers—again, a statistically significant difference.

To assess the rates of achieving LDL-C targets, we used 
participants’ data available at 1 year of the study. Among 
108 patients in primary ASCVD prevention, 71 (65.7%) 
were in the range of LDL-C ≤ 1.4 mmol/l thus achieving 
target LDL-C levels as defined by the guidelines of the 2019 
ESC/EAS Guidelines for the management of dyslipidemias 
[2]. Among 92 FH patients in primary prevention, target 
LDL-C values (≤ 1.8 mmol/l) were found in 33 (35.9%).

Side effects were reported by a total of 28 study partici-
pants (9%), of which number 16 and 14 adverse reactions 
were considered evolocumab- and alirocumab-related, 
respectively. The most frequent side effect was flu-like syn-
drome (fatigue, malaise, and upper airways inflammation) 
reported by 13 patients whereas 5 study participants com-
plained of pain at injection site and 5 of myalgia (a reason 
for their previous statin intolerance). Three patients experi-
enced gastrointestinal intolerance of therapy and 2 reported 

various problems. Overall, 15 patients withdrew from the 
study for side effects.

During the 2 years of our study, PCSK9 inhibitor therapy 
was discontinued in a total of 36 study participants. Except 
for the 15 patients experiencing the above side effects, ther-
apy was stopped in 8 for unsatisfactory effect of therapy 
defined as failure to reach LDL-C targets for the respective 
cardiovascular risk category and/or LDL-C reduction by a 
minimum of 40% vs. baseline; 6 patients were removed from 
the study for non-compliance, and 7 patients discontinued 
therapy for other reasons such as a condition not related to 
therapy or epidemiological situation related to COVID-19.

Discussion

Both molecules, evolocumab and alirocumab, have been 
evaluated in a number of clinical trials within the PROFICIO 
(evolocumab) and ODYSSEY projects (alirocumab). Early 
studies focused on the effect of the two agents on the levels 
of plasma lipids such as — most importantly — LDL-C fol-
lowed by apoB or Lp(a). The outcomes were impressive with 
PCSK9 inhibitors effectively reducing LDL-C by 56–62% 
[6]. Landmark studies enrolling over a total of 46,000 
patients with CHD in their medical history demonstrated the 
beneficial effect of both agents on cardiovascular morbidity 
and mortality. With both agents, cardiovascular death rates 
declined by 15–20% relative to placebo [7••, 8••].

Given the size of our study group and study duration, the 
aim of the present project was not to assess cardiovascular 
endpoints. Still, we were interested to know whether or not 
the new class of drugs has, in the real-world setting, an effect 
comparable to that reported by clinical trials since, in the 
above clinical trials, the percentage LDL-C reduction was 

Fig. 1   An overview of the 
development of all variables 
over time
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compelling, uniform across the individual subgroups and 
consistent over time.

Our study demonstrated that PCSK9 inhibitors offer an 
effective therapeutic option in statin-intolerant patients. 
While more encouraging outcomes were obtained in the 
statin-treated group (consistent with the finding that PCSK9 
inhibition may enhance the LDL-C-lowering effect of statins 
[9]), the 55% LDL-C reduction seen in completely statin-
intolerant patients as early as 12 weeks after initiation of 
therapy with a PCKS9 inhibition provides a long-awaited 
new hope to this patient population.

Furthermore, we sought to determine the proportion 
of patients achieving target values — also not optimal in 
the Czech Republic in the long run — an issue addressed 
also by major international studies. In the EUROASPIRE 
survey (enrolling 6648 patients with CHD in 24 European 
countries), LDL-C targets were achieved in only 19.3% of 
patients [10]. The results of the Czech participants (n = 493) 
were similar, with target LDL-C levels attained in 23.5% of 
CHD patients [11]. More optimistic data about dyslipidemia 
control were offered by a Czech observational study of Zla-
tohlávek et al. assessing, between June and December 2016, 
a total of 201 patients at high- and very-high cardiovascular 
risk in 11 centers across the country. In the high-risk and 
very-high risk subgroups, LDL-C targets were achieved in 
46.4% and 56.1% of patients, respectively [12•]. This situa-
tion changed dramatically with the advent of PCSK9 inhibi-
tors, with most encouraging outcomes reported in a study 
by Raal et al., where 80% of FH patients receiving standard 
therapy reached LDL-C targets when using a PCSK9 inhibi-
tor as add-on therapy [13].

In the present study, target LDL-C levels were attained 
by 35.9% of patients in primary prevention (33 out of the 
92 patients whose data were available at 1 year into the 
study). Among the 108 very high-risk patients in secondary 
ASCVD prevention, whose data were available at 1 year into 
the study, target LDL-C levels were reached by 71 (65.7%). 
The reason of this apparently less optimistic outcome should 
be first sought in the differently defined target LDL-C levels. 
While all the above studies [10–13] used the 2016 ESC/
EAS Guidelines for the Management of Dyslipidaemias [14] 
defining target LDL-C values for high-risk and very high-
risk patients as < 2.5 mmol/l and < 1.8 mmol/l, respectively, 
the present study had stricter limits of < 1.8 mmol/l and 
< 1.4 mmol/l, respectively [2]. If including patients with 
LDL-C levels of > 1.8 and > 2.6 mmol/l, the target values 
would have been achieved by 68.48% of FH patients, and 
by 79.6% of those in secondary prevention and at very high 
risk.

Nonetheless, we are in the year 2021 with more ambi-
tious goals, so the fact that a “mere” 20.4% of patients in 
secondary ASCVD prevention have LDL-C levels ≥ 1.8 

mmol/l is simply unsatisfactory and further causes must be 
identified. One of these — in relation to the present study — 
may be that our patients are being followed up and treated 
in 1 national center. There are only 2 national centers for 
the management of dyslipidemias with the implication 
being their patients are mostly those with generally more 
severe forms of dyslipidemia or those failing to respond to 
any therapeutic option currently available. The same may 
apply to the higher proportion of statin-intolerant patients. 
The pool of patients with failed therapeutic options was 
built long before PCSK9 inhibitors had been approved 
for use in the Czech Republic, and therapy was instituted 
soon after the respective healthcare reimbursement policy 
had been defined. By contrast, a definite plus in enrolling 
patients from only a single center is that we were able to 
eliminate potentially different approaches by various cent-
ers to the creation of and keeping patient medical records 
and data entry and, hence, to minimize the potential for data 
misinterpretation.

The effect of monoclonal antibodies on Lp(a) levels 
seems to be most encouraging. It is well known that this 
variable is yet another (and independent of other variables) 
risk factor of atherosclerosis, and, until the advent of PCSK9 
inhibitors, no drugs were available to modify its levels. The 
reduction in Lp(a) levels by 24% vs. baseline seen in our 
study is consistent with data reported from large randomized 
studies [15].

Conclusion

Data from the first 314 patients treated with PCSK9 inhibi-
tors in a Prague-based center of preventive cardiology con-
firm that PCSK9 inhibitors are a most effective, safe, and 
well-tolerated class of lipid-lowering agents. Their effect 
was uniform, sustained, clear-cut, and comparable with 
that reported by large randomized trials. Low-density lipo-
protein cholesterol is generally recognized as a major risk 
factor for atherosclerosis and its complications. To succeed 
in our efforts to substantially reduce the incidence of ath-
erosclerosis and its complications, LDL-C targets must be 
achieved in a greater proportion of patients. While LDL-C 
control across the subpopulations of our patients has not 
been satisfactory to date, the approval of PCSK9 inhibi-
tors for the Czech market gives our healthcare providers a 
promising chance for reversing this unfavorable situation 
in the near future.
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