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Proprotein convertase subtilisin/kexin type 9 enzyme 
inhibitors: An emerging new therapeutic option for the 
treatment of dyslipidemia
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ABSTRACT

The treatment of hypercholesterolemia entered in a new phase of development with the introduction of proprotein 
convertase subtilisin/kexin type 9 (PCSK9) inhibitors in the market. The Food and Drug Administration and 
European Medicines Agency recently approved the alirocumab and evolocumab, subcutaneously injectable 
monoclonal antibody every 2 or 4 weeks against PCSK9, for the treatment of hypercholesterolemia in patients 
with intolerance or inadequate response to statins, especially for the secondary prevention or in the case of 
familial hypercholesterolemia. This decision is based on several clinical trials demonstrating that inhibitors 
of PCSK9 lower the low-density lipoprotein cholesterol compared to placebo while studies are underway to 
assess their role in secondary prevention of major cardiovascular events.
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INTRODUCTION

Cardiovascular (CV) disease remains the leading cause of death 
and one of the main causes of morbidity in our era.[1] Elevated 
levels of total cholesterol and specifically cholesterol linked 
to low‑density lipoprotein (LDL) have a positive and growing 
association for the development of ischemic heart disease and 
CV mortality.[2] Lipid theory of atherosclerosis has had an 
endorsement from a large number of powerful clinical trials, 

which has been consistently shown that a reduction of total 
cholesterol (LDL‑cholesterol [LDL‑C]) is associated with a 
reduction of the risk of coronary heart disease (CHD), stroke, 
and CV mortality.[3] Undoubtedly, most of the categorical 
data for the primary and secondary prevention of CV disease 
obtained in clinical trials are related to statins. In addition, 
intensive treatment with statins has shown superior protective 
effects compared to moderate or low statin dosing.[4] Despite 
the unquestionable success of statins, most trials show a 
relative risk reduction of around 30%. The other 70% which 
is usually referred as “residual risk,”[5,6] perhaps it would be 
more appropriate to call it “persistent risk.”
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For a multifactorial disease such as arteriosclerosis, it is 
unrealistic to control a disease completely by targeting a 
single risk factor; therefore, it is still reasonable to suggest 
lipid‑lowering therapy that offers potentially protective 
options.[7] In this regard, it is worth to mention that 
epidemiological studies shown that raising high‑density 
lipoprotein  (HDL) cholesterol shows a clear association in 
reducing CV complications.[2] Unfortunately, most of the 
therapeutic trials have resulted in disappointing results that 
were aimed at the elevation of HDL, particularly recent 
trials in patients already taking statins and using a various 
pharmacological class such as fibrates, niacin, or inhibitors 
of cholesteryl ester transfer protein.[8]

Recent genetic studies have questioned the biological 
role of lowering HDL cholesterol in the development of 
arteriosclerosis.[9] Mendelian randomization studies offer an 
opportunity to evaluate the relevance of different mutations 
that modify different risk factors and their impact on the 
development of atherosclerosis from birth through natural 
experiments.[10] For example, these studies support the 
importance of lipoprotein(a) but not of C‑reactive protein in 
the etiology of arteriosclerosis. Similar studies have shown 
that genetic alterations from birth that modify the levels 
of HDL cholesterol are not associated with an increase or 
decrease in CV complications.[9,10] These studies do not deny 
that HDL cholesterol levels are markers of vascular risk 
but questioned the relevance of the same in the etiology of 
the vascular lesion. In contrast, Mendelian randomization 
studies do show a clear and consistent relationship between 
various genes that modify LDL‑C levels and the development 
of arteriosclerosis,[9] and very remarkable genes involved 
in the synthesis  (HMG‑CoA reductase) and absorption 
Niemann‑Pick C1‑like 1 cholesterol, and degradation 
of LDL receptor  (proprotein convertase subtilisin/kexin 
type 9 [PCSK9]).[11,12]

Recent European and American guidelines on dyslipidemia 
differ in several respects, but they agree that LDL‑C as a 
therapeutic target and statins as a first‑line treatment.[13,14] 
Therefore, the most pressing question arises whether we can 
achieve greater reductions in LDL‑C with other treatment 
options and whether these will result in a reduction of CV 
complications. The benefits and limitations of statin therapy 
have been extensively evaluated. The unquestionable success 
of statins has triggered the paradoxical situation that almost 
negate the potential therapeutic value of other lipid‑lowering 
drugs.[15] However, one aspect that has received little attention 
is that statins trigger counter‑regulation of genes that attenuate 
its lipid‑lowering effect. Among them, PCSK9 and NP1CL1 
are genes that regulate proteins mentioned above, and that, in 
turn, are epidemiologically associated with changes in LDL‑C 
levels and CV morbidity.[10‑12]

MECHANISM OF ACTION

This class of drugs inhibits the PCSK9 enzyme, which plays a 
major role in the breakdown of hepatic LDL receptors and is 
typically upregulated in the presence of statins. The inhibition 
of this enzyme enables more efficient hepatic uptake of LDL, 
decreasing serum LDL levels by >50% in most cases. This 
mechanism was discovered barely more than a decade ago, 
and already targeting this pathway are five agents: Alirocumab, 
evolocumab, and three additional agents in the pipeline.

ODYSSEY LONG TERM TRIAL

One recent major trial, ODYSSEY LONG TERM, supports 
the addition of alirocumab to statin therapy to reduce both 
lipid parameters and possibly, overall CV events. More than 
2300 patients with high atherosclerotic CV disease (ASCVD) 
risk who were receiving maximally tolerated statin therapy 
were assigned to either alirocumab or placebo as adjunct 
therapy.[16,17] At the end of the 78‑week study, patients who had 
received alirocumab experienced a statistically significant 62% 
LDL decrease versus the placebo group; a post hoc analysis 
noted a statistically significant lower rate of major adverse CV 
events in the alirocumab group versus placebo. ODYSSEY 
ALTERNATIVE trial showed that alirocumab produced 
greater LDL‑C reductions than ezetimibe in statin‑intolerant 
patients, with fewer skeletal muscle adverse events versus 
atorvastatin.[18]

Several Phase III clinical trials explored the use of evolocumab 
as part of various therapies with a range of possible dosing 
strategies. The MENDEL‑2 trial focused on about 600 patients 
with LDL  ≤190  mg/dL and 10‑year CHD risk  (per the 
Framingham risk score) of 10% or less in a six‑arm design, 
comparing evolocumab injections both biweekly and 
monthly with placebo and ezetimibe.[19] Overall, both doses 
of evolocumab resulted in an LDL decrease of about 56% 
versus placebo and an LDL decrease of about 39% versus 
ezetimibe, with no difference between the groups in terms of 
adverse events.

DESCARTES TRIAL

The DESCARTES trial investigated 900 patients who were 
receiving diet alone, atorvastatin 10 mg daily, or atorvastatin 
80 mg daily with or without ezetimibe and randomized those 
patients to either monthly evolocumab or placebo.[20] The 
results demonstrated statistically significant decreases in 
LDL with evolocumab versus placebo in all groups, with an 
overall reduction of 57% from baseline in the entire cohort, 
which persisted even in the presence of high‑intensity statin 
therapy. Two extension studies conducted with patients 
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who had participated in previous Phase II or III trials of 
evolocumab – OSLER‑1 and OSLER‑2 – compared the addition 
of evolocumab with standard therapy for hyperlipidemia versus 
the use of standard therapy alone.[21] The investigators defined 
standard therapy as an appropriate guideline‑directed therapy 
for the level of ASCVD risk present in each patient; almost 
70% of the patients in the study were receiving statin therapy. 
Evolocumab decreased LDL by 61% in the overall population 
and statistically significantly reduced the incidence of CV 
events at 1 year by 53% versus standard therapy alone. Finally, 
evolocumab has been studied in both statin‑intolerant patients 
and heterozygous familial hypercholesterolemia (HeFH) with a 
>50% LDL reduction in those patient populations as well.[22,23]

PRESENT STATUS

In mid‑2015, both alirocumab and evolocumab received 
Food and Drug Administration  (FDA) approval for use in 
patients with HeFH and patients with clinical ASCVD who 
are receiving maximally tolerated statin therapy and who still 
require further LDL‑lowering. The recommended starting 
dose for alirocumab is 75 mg administered subcutaneously 
once every 2 weeks, since the majority of patients achieve 
sufficient LDL‑C reduction with this dosage. If the LDL‑C 
response is inadequate, the dosage may be increased to the 
maximum dosage of 150  mg administered every 2  weeks. 
Measure LDL‑C levels within 4–8  weeks of initiating or 
titrating alirocumab to assess response and adjust the dose, if 
needed. Evolocumab also received approval for use in patients 
with homozygous familial hypercholesterolemia. Evolocumab 
dose for primary hyperlipidemia with established clinical 
ASCVD or HeFH is 140 mg every 2 weeks or 420 mg once 
monthly in abdomen, thigh, or upper arm. Because large‑scale, 
long‑term clinical outcomes data are not expected until 2017, 
the benefit–risk ratio has not yet been fully elucidated, and 
the role for addressing residual ASCVD risk remains unclear. 
However, for practitioners with limited options, this class 
of agents represents a novel approach to managing difficult 
dyslipidemias.

Part   2 of the National Lipid Association (NLA) 
recommendations, the only guideline to address this class 
thus far, suggests that these agents could be used in patients 
with ASCVD and LDL of 100  mg/dL or greater who are 
receiving maximally tolerated statin with or without ezetimibe 
therapy, as well as in patients with HeFH without ASCVD 
but with LDL of 130 mg/dL or greater who are on maximally 
tolerated  (high‑intensity) statins. The NLA also notes that 
those agents could be considered in patients who are statin 
intolerant – although not FDA approved for this indication. 
Both agents are administered as subcutaneous injections and 
are well tolerated overall, with the most predominant adverse 
effects being mild injection site reactions and muscle aches. 

Neurocognitive events were reported more frequently with 
both drugs than with placebo. This adverse effect will be the 
subject of observation in ongoing studies. We still await the 
results of 4 ongoing large placebo‑controlled Phase III trials 
investigating whether PCSK9 inhibitors on background of 
statin therapy reduce CV events.

CONCLUSION

The availability of new high potency lipid‑lowering agents, 
particularly anti‑PCSK9 monoclonal antibody opens a new 
horizon in the prevention and treatment of atherosclerosis. 
These are the valuable option particularly in those patients 
who are intolerant to statin or inadequately controlled lipid 
targets despite intensive statin treatment. Long‑term studies 
are underway to assess the impact on CV events.
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