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Introduction

Lipid-lowering therapy with statins has been established as 
effective treatment for preventing cardiovascular events. However, 
a lipid-lowering strategy is yet to be established for specific subsets 
of patients such as those with familial hypercholesterolemia or those 
who cannot tolerate statin therapy. The enzyme proprotein convertase 
subtilisin/kexin type 9 (PCSK9) binds to low-density lipoprotein 
(LDL) cholesterol receptors in the liver, causing receptor breakdown 
and the inability to eliminate LDL cholesterol from the blood. When 
PCSK9 is inhibited, LDL receptors maintain their function and the 
serum concentration of LDL cholesterol can be reduced. Several 
clinical studies have demonstrated that PCSK9 inhibitors reduce LDL 
cholesterol significantly when added to statin therapy [1,2]. However, 
the effect of PCSK9 inhibitors on preventing cardiovascular events 
has not been examined. Here, we reviewed and summarized current 
evidence regarding PCSK9 inhibitors.

Despite increasing preventive efforts, most individuals will 
develop cardiovascular disease (CVD), and this condition is still 
the most common cause of death worldwide [3,4]. Current CVD 
prevention strategies include comprehensive control of modifiable 
risk factors such as diabetes mellitus, hypertension, smoking, obesity, 
and dyslipidemia, as comprehensive risk management reduces the 
incidence of cardiovascular events4. Several large-scale clinical trials 
have demonstrated that lipid-lowering therapy with statin reduces 
the incidence of CVD events. Meta-analyses by the Cholesterol 
Treatment Trialists’ collaboration reported that a 1 mmol/L reduction 
in LDL cholesterol levels lowered the incidence of CVD events by 
21%. This evidence resulted in revisions to the guidelines published 
by the American Heart Association/American College of Cardiology 
and European Society of Cardiology, and consequently, aggressive 
lipid-lowering therapy with strong statins is currently recommended 
to prevent CVD events [5, 6]. In its guidelines for preventing 
atherosclerotic diseases, the Japanese Atherosclerosis Society set a 
target LDL cholesterol level depending on patients’ backgrounds 
[7]. However, the percentage of patients in whom these target values 
are achieved is quite low [7-9]. Factors associated with this poor 
achievement of lipid control include insufficient doses of lipid-
lowering drugs, poor compliance, adverse effects of statins as well 
as familial hypercholesterolemia, which is resistant to any medical 
therapy, even aggressive lipid-lowering therapy.

Several clinical studies have demonstrated that PCSK9 inhibitors 
significantly reduce LDL cholesterol levels when added to statin 
therapy. To date, phase III clinical studies have been conducted for 
the first two PCSK9 inhibitors introduced, namely, evolocumab 
and alirocumab, which were approved by the U.S. Food and Drug 
Administration in 2015 for lowering LDL cholesterol levels in cases 
in which these levels could not be sufficiently reduced using statins 
or other drugs. These studies reported that PCSK9 inhibitors reduced 
LDL cholesterol levels by approximately 60% when added to statin 
therapy [10-14]. PCSK9 inhibitors reduce the levels of not only LDL 
cholesterol but also lipoprotein(a) (Lp(a)), which is associated with 
progression of atherosclerotic diseases [15]. With regard to the effect 
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of PCSK9 inhibitors on preventing cardiovascular events, limited 
data are available up until 2015. Both the Open-Label Study of Long-
Term Evaluation against LDL Cholesterol (OSLER) trial [16] using 
evolocumab and the Long-term Safety and Tolerability of Alirocumab 
in High Cardiovascular Risk Patients with Hypercholesterolemia 
Not Adequately Controlled with Their Lipid Modifying Therapy 
(ODYSSEY LONG TERM) trial [17] using alirocumab demonstrated 
the cardiovascular protective effect of these drugs, although the 
primary endpoints in these trials were not cardiovascular events but 
merely a reduction in the LDL cholesterol levels and safety of the 
drugs.

Osler

The OSLER trial [16] was an open-label randomized trial conducted 
to examine the lipid-lowering and cardiovascular protective effects 
of evolocumab. A total of 4465 patients who had completed phase 
II or III studies of evolocumab were randomly assigned to receive 
evolocumab therapy (140 mg every 2 weeks or 420 mg monthly) plus 
standard therapy or standard therapy alone. During a median follow-
up of 11.1 months, lipid profiles and safety were assessed in addition 
to cardiovascular events including death, myocardial infarction, 
unstable angina, coronary revascularization, stroke, transient ischemic 
attack, and heart failure. Evolocumab reduced LDL cholesterol levels 
by 61%, non-HDL cholesterol levels by 52%, apolipoprotein B levels 
by 47%, Lp(a) levels by 26%, and triglyceride levels by 13% compared 
to standard therapy alone. The reduction in the incidence of 
cardiovascular events at 1 year, which was a pre-specified exploratory 
outcome, was statistically significant in the evolocumab group (0.95% 
vs. 2.18%; hazard ratio, 0.47; 95% confidence interval, 0.28–0.78; P = 
0.003) (Table). The cardiovascular benefit was mainly derived from 
a reduction in coronary revascularization. The risk of adverse events 
was similar between the groups, except for neurocognitive events, 
which were more frequent in the evolocumab group than the standard 
therapy group (0.9% vs. 0.3%).
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Odyssey Long Term Study

ODYSSEY LONG TERM was a randomized double-blind controlled 
trial comparing alirocumab and placebo in patients at high risk for 
cardiovascular events who had LDL cholesterol levels of 70 mg/L or 
more and were on statins at the maximum tolerated dose. Alirocumab 
at 150 mg every 2 weeks significantly improved the lipid profiles of 
these patients compared to the placebo (LDL cholesterol levels 
reduced by 61%; Lp(a) levels, by 29%; and triglyceride levels, by 17%). 
In a post-hoc analysis that evaluated a pre-specified endpoint, the rate 
of major adverse cardiovascular events (death from coronary heart 
disease, non-fatal myocardial infarction, fatal or non-fatal ischemic 
stroke, and unstable angina requiring hospitalization) during a mean 
follow-up period of 80 weeks was lower in the alirocumab group than 
the placebo group (1.7% vs. 3.3%; hazard ratio, 0.52; 95% confidence 
interval, 0.31–0.90; P = 0.02) (Table 1). However, the alirocumab 
group had a higher incidence of myalgia (5.4% vs. 2.9%, P = 0.006), 
while the rate of injection-site reactions and neurocognitive events 
did not statistically differ between the groups.

Systematic Review And Meta-Analysis

A systematic review and meta-analysis including 24 clinical 
trials reported that PCSK9 inhibitors reduced all-cause mortality 
and the incidence of myocardial infarction in individuals with 
hypercholesterolemia [18]. PCSK9 inhibitors showed a tendency to 
reduce the cardiovascular mortality rate (Table 1).

Future Perspectives

Currently, two large-scale clinical trials examining the effect of 
PCSK9 inhibitors on reducing cardiovascular events are underway. 
The first, entitled “Further Cardiovascular Outcomes Research 
with PCSK9 inhibition in Subjects with Elevated Risk (FOURIER),” 
includes 22500 individuals using evolocumab and is expected 
to be published in 2017. The other is ODYSSEY OUTCOMES, 
which examined the effectiveness of alirocumab on preventing 
cardiovascular events in 18000 individuals. If these trials show that 
PCSK9 inhibitors are successful in preventing cardiovascular events, 
it will be of great interest to understand the underlying mechanisms, 
how these drugs marry into the notion of “the lower, the better” 

regarding LDL cholesterol levels, and other mechanisms of action 
that are independent of the LDL cholesterol-lowering effects of these 
drugs.

Conclusions

PCSK9 inhibitors may be effective for preventing cardiovascular 
events. Ongoing large-scale clinical trials should reveal whether or 
not these drugs are effective in improving cardiovascular outcomes.
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Trial Patients, n Disease Intervention Follow-up 
period

Cardiovascular events Hazard 
ratio

95% CI P

OSLER16 4465 statin-intolerant, 
heterozygous familial 
hypercholesterolemia 
or inadequate control 
of LDL cholesterol 
levels with statins

evolocumab 
420 mg once a 
month or
140 mg every 
2 weeks
 

11.1 months death, myocardial 
infarction, unstable angina, 
coronary revascularization, 
stroke, transient ischemic 
attack, or heart failure

0.47 0.28–0.78 0.003

ODYSSEY 
LONG TERM17

2341 heterozygous familial 
hypercholesterolemia, 
coronary heart disease, 
or coronary heart 
disease equivalent with 
LDL cholesterol levels 
≥ 70 mg/dL

alirocumab 
150 mg every 
2 weeks

80 weeks death from coronary 
heart disease, non-fatal 
myocardial infarction, fatal 
or non-fatal ischemic stroke, 
or unstable angina requiring 
hospitalization

0.52 0.31–0.90 0.02

Patients, n Disease Intervention Cardiovascular events Odds 
ratio

95% CI P

Meta-analysis18 10159 adult 
hypercholesterolemia

evolocumab or
alirocumab

All-cause mortality
Cardiovascular mortality
Myocardial infarction

0.45
0.5
0.49

0.23–0.86
0.23–1.10
0.26–0.93

0.015
0.084
0.03

Table 1: PCSK9 inhibitors showed a tendency to reduce the cardiovascular mortality rate.
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