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Abstract: Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors are potent medications in the toolkit for treatment of 
atherosclerotic cardiovascular disease. These agents have been well studied in clinical trials supporting their efficacy in dramatically 
reducing low-density lipoprotein cholesterol (LDL-C) and impact on cardiovascular outcomes. Since the approval of commercial use 
for PCSK9 inhibitors in 2015, we have also gained significant experience in the use of these therapeutics in the real-world setting. In 
this article, we review current guideline recommendations, clinical trial evidence on efficacy and safety as well as data on cost- 
effectiveness, prescription and adherence. We focus primarily on the monoclonal antibody class of PCSK9 inhibitors in this review 
while also touching on other types of therapeutics that are under development. 
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Introduction
Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors are potent medications that lower low-density lipopro-
tein (LDL) cholesterol (LDL-C) for the treatment of atherosclerotic cardiovascular disease (ASCVD). In humans, PCSK9 
regulates the recycling of LDL receptors (LDL-R), with inhibition of PCSK9 leading to increased LDL receptors present 
at the cell surface for binding and removal of circulating LDL particles.1,2 From a historic perspective, observations that 
gain of function mutations in PCSK9 were a cause for familial hypercholesterolemia while loss of function mutations 
lower LDL-C led to the recognition of PCSK9 as a biologic target for cholesterol lowering.3–6 Thus, PCSK9 inhibitors 
were probably one of the first cholesterol-lowering medications to be conceived directly on the concept of targeting select 
genes that act as drivers of ASCVD.

As of the writing of this review, there are two commercially available monoclonal antibody (mAb) agents, alirocumab 
and evolocumab, each with supportive cardiovascular outcome trial data.7,8 These medications are given either every 2 
weeks or monthly via subcutaneous injection. PCSK9 inhibitors have largely been used in the secondary prevention of 
ASCVD but use in patients with genetic hypercholesterolemia disorders with very high LDL-C levels is also 
indicated.9,10 A small interfering ribonucleic acid (siRNA) therapeutic targeting PCSK9, inclisiran, has also become 
commercially available, although the cardiovascular outcome trial for this agent is ongoing. There are also several 
protein, RNA and DNA-based technologies still in the research pipeline.11,12 In this clinically oriented review, we focus 
primarily on mAb-based PCSK9 inhibitors given the large quantity of available data and real-world experience in their 
use. However, we dedicate a short section later in this article to discuss inclisiran as well as other novel PCSK9 inhibitors 
that are in development.

Effect PCSK9 Inhibition on Lipid Parameters and Biomarkers
PCSK9 inhibitors are potent agents for the lowering of LDL-C. In phase 3 trials, evolocumab and alirocumab have 
been shown to reduce LDL-C from baseline, ranging from 36% to 62% at 24 weeks when added to high intensity or 

Vascular Health and Risk Management 2022:18 555–566                                                    555
© 2022 Jia et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Vascular Health and Risk Management                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 5 May 2022
Accepted: 13 July 2022
Published: 20 July 2022

V
as

cu
la

r 
H

ea
lth

 a
nd

 R
is

k 
M

an
ag

em
en

t d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-6933-790X
http://orcid.org/0000-0001-9541-6954
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


maximally tolerated statin therapy.13–16 PCSK9 inhibitors, as a monotherapy, have been shown to reduce LDL-C by 
47–57%.17,18 Among patients with significant statin associated muscle side effects not able to tolerate statin therapy, 
PCSK9 inhibition reduced LDL-C by 45–56%.19–22 PCSK9 inhibitors also reduce levels of apolipoprotein B (apoB), 
non-high-density lipoprotein cholesterol (non-HDL-C), lipoprotein (a), and triglycerides (TG) as well as increase of 
HDL-C and apolipoprotein A1 (apoA1).15 For instance, in the ODYSSEY LONG-TERM phase 3 trial, alirocumab 
reduced apoB by 54.0%, non-HDL-C by up to 52.3% and TG by 17.3%, as well as increased HDL-C by 4.6% and 
apoA1 by 2.9%.14

PCSK9 inhibitors have also been shown to reduce levels of lipoprotein (a) (Lp(a)), although the mechanism is not 
completely understood. Significant reductions in Lp(a) have not been observed with statins or ezetimibe. Data from 
clinical trials found percent reduction of Lp(a) mostly in the range of 20–36% from baseline with PCSK9 inhibitor 
treatment.23–25 Lp(a) has been shown in Mendelian randomization and genome-wide association studies to represent 
a likely causal risk factor for ASCVD.26,27 Analysis from cardiovascular outcomes trials of both alirocumab and 
evolocumab have shown that individuals with elevated Lp(a) levels have the highest risk for major adverse cardiovas-
cular events and derive the most benefit from PCSK9 inhibitor therapy.24 Moreover, reduction in Lp(a) while on PCSK9 
inhibitor was associated with reduction in adverse events independent of LDL-C reduction.28,29 The evidence supporting 
efficacy of PCSK9 inhibitors in patients with elevated Lp(a) levels and high ASCVD risk is important given the dearth of 
effective therapies that directly target Lp(a) lowering for ASCVD risk reduction. Moreover, recent analysis from the 
FOURIER and ODYSSEY-OUTCOMES trials found that treatment with PCSK9 inhibitors was associated with 
decreased risk for venous thromboembolism (VTE) and found that Lp(a) reduction may be a mediator for this 
effect.30 Relatedly, alirocumab have been shown in animal models to reduce factor VIII levels which may be another 
potential mechanism by which PCSK9 inhibition may reduce risk for VTEs.31

PCKS9 inhibitors have not been shown to significantly affect inflammatory markers. In the FOURIER and 
ODYSSEY-OUTCOMES trials, treatment with a PCSK9 inhibitor did not significantly alter levels of high-sensitivity 
C-reactive protein (hs-CRP). However, elevated hs-CRP identified higher risk individuals who derive greater absolute 
risk reduction from the use of PCSK9 inhibitors.8,32,33

Use of PCSK9 Inhibitors in High-Risk Secondary Prevention
PCSK9 inhibitors are primarily used in secondary prevention settings among patients with very high risk of ASCVD 
events. The efficacy in PCSK9 inhibition for secondary ASCVD prevention is supported by two large cardiovascular 
outcomes trials – FOURIER for evolocumab and ODYSSEY-OUTCOMES for alirocumab7,8 (Table 1). In the FOURIER 
trial, 27,564 patients with clinical ASCVD and LDL-C ≥70 mg/dL or a non–HDL-C level ≥100 mg/dL on mostly high 
intensity statin ± ezetimibe were randomized to evolocumab 140 mg subcutaneously every 2 weeks or 420 mg monthly 
versus placebo. At a median follow-up of 2.2 years, there was a 15% relative risk reduction (1.5% absolute risk 
reduction) in the primary composite outcome of cardiovascular death, myocardial infarction (MI), stroke, hospitalization 
for unstable angina, or coronary revascularization in the evolocumab group compared with controls. Among individual 
endpoints, those randomized to evolocumab had lower rates of MI, strokes and coronary revascularization but did not 
have significant difference in cardiovascular deaths compared with placebo. Furthermore, evaluation of treatment with 
evolocumab on coronary artery plaque using intravascular ultrasound among statin-treated individuals in the GLAGOV 
randomized controlled trial found modest but significant reduction in percent atheroma volume (−1.0%, 95% CI: −1.8% 
to −0.64%). After 76 weeks of treatment, there was also a greater proportion of patients exhibiting plaque regression in 
the evolocumab group compared with control (64.3% vs 47.3%).34 Similarly, in the PACMAN-AMI trial, treatment with 
alirocumab after urgent percutaneous coronary intervention of the culprit lesion among patients with acute MI was 
associated with significantly greater coronary plaque regression in the non-culprit vessels as determined by intravascular 
ultrasound after 52 weeks.35

The efficacy and safety of alirocumab was evaluated in the ODYSSEY-OUTCOMES randomized placebo-controlled 
trial, which included 18,924 patients who had an acute coronary syndrome in the preceding 1–12 months. Over a follow- 
up duration of 2.8 years, the primary outcome (composite of death from coronary heart disease, non-fatal MI, fatal or 
non-fatal ischemic stroke, or unstable angina requiring hospitalization) for alirocumab vs placebo was 9.5% vs 11.1%, 
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respectively, resulting in a relative risk reduction of 15% (absolute risk reduction 1.6%). Among secondary outcomes, 
alirocumab group was found to have lower major coronary heart disease events, any cardiovascular event but not 
mortality.

A third PCSK9 inhibitor, bococizumab, was evaluated in the SPIRE trials, which recruited predominantly secondary 
prevention patients but also a subset of high-risk primary prevention patients.36 This mAb differed from evolocumab and 
alirocumab as it is a humanized mAb containing small regions of murine sequences. In SPIRE-1, no significant 
differences in the primary endpoint (non-fatal MI, non-fatal stroke, hospitalization for unstable angina requiring urgent 
revascularization, or CV death) were observed among randomized patients with LDL-C ≥70 mg/dl over a 7 months 
follow-up period. However, in SPIRE-2 which enrolled participants with a higher LDL-C of ≥100 mg/dL, there was 
a significant risk reduction in the primary endpoint, suggesting that clinical benefit can be achieved with treatment among 
a higher risk cohort over a longer period. However, development of bococizumab was discontinued by sponsors largely 
due to high rates of antidrug antibodies.

Since the publication of the outcomes trials, both European and North American guidelines on cholesterol manage-
ment have incorporated the use of PCSK9 inhibitors in treatment algorithms (Table 2). The 2019 European Society of 
Cardiology (ESC)/European Atherosclerosis Society (EAS) Dyslipidemia Guidelines recommend treatment to an LDL-C 
goal of ≥50% from baseline and <1.4 mmol/L (<55 mg/dL) among patients with established ASCVD, with consideration 
for an LDL-C goal of <1.0 mmol/L (<40 mg/dL) for patients with ASCVD, who experience a second vascular event 
within 2 years while taking maximally tolerated statin therapy.9 With respect to therapy selection, ESC/EAC guideline 
recommends a stepwise approach starting with high intensity statin (maximally tolerated) with the addition of ezetimibe 

Table 1 Cardiovascular Outcome Trials of PCSK9 Inhibitors

Trial Reference Agent/Dose Patients Duration Primary Outcome

ODYSSEY- 

OUTCOMES

Schwartz 

et al 2018

Alirocumab 75 mg every 2 

weeks via subcutaneous 

injection. Dose adjustment 

to target LDL-C level of 0.6– 

1.3 mmol/L (25–50 mg/dL)

N = 18,924 

Recent ACS within 1–12 months prior 

with LDL-C ≥1.8 mmol/L (70 mg/dL), 

non-HDL-C ≥2.6 mmol/L (100 mg/dL) 

or apoB ≥80 mg/dL while on 

maximally tolerated statin therapy ± 

ezetimibe

Median follow-up 2.8 years Composite of death from 

coronary heart disease, non- 

fatal MI, fatal or non-fatal 

ischemic stroke or unstable 

angina requiring 

hospitalization. 

9.5% vs 11.1% in treatment vs 

placebo arms 

HR 0.85, 95% CI: 0.78–0.93, 

p<0.001

FOURIER Sabatine 

et al 2017

Evolocumab 

Either 140 mg every 2 

weeks or 420 mg monthly 

via subcutaneous injection

N = 27,564 

History of MI, non- hemorrhagic 

stroke, symptomatic PAD with fasting 

LDL-C ≥1.8 mmol/L (70 mg/dL) or 

non-HDL-C ≥2.6 mmol/L (100 mg/dL) 

while on maximally tolerated statin 

therapy +/- ezetimibe

Median Follow-up 2.2 years Composite of cardiovascular 

death, MI, stroke, 

hospitalization for unstable 

angina, or coronary 

revascularization. 

9.8% vs 11.3% in treatment vs 

placebo arms 

HR 0.85, 95% CI: 0.79–0.92, 

p <0.001

SPIRE 1 and 2 Ridker et al 

2017

Bococizumab 150 mg every 

2 weeks via subcutaneous 

injection

N = 27,438 (combined between 

SPIRE 1 and 2). 

History of previous cardiovascular 

event or history of diabetes, CKD, 

or PAD with additional 

cardiovascular risk conditions or 

a history of FH. 

SPIRE 1: ≥1.8 mmol/L (70 mg/dL) 

while on statin therapy 

SPIRE 2: ≥2.6 mmol/L (100 mg/dL) 

while on statin therapy

Median follow-up 

SPIRE 1: 7 months 

SPIRE 2: 12 months 

Note: SPIRE 1 and 2 trials 

were prematurely 

discontinued by the sponsor 

due to discontinuation of the 

development of 

bococizumab

Composite of non-fatal MI, 

non-fatal stroke, 

hospitalization for unstable 

angina requiring urgent 

revascularization or 

cardiovascular death. 

SPIRE 1: HR 0.99, 95% CI: 

0.80–1.22, p = 0.94 

SPIRE 2: HR 0.79, 95% CI: 

0.65–0.97, p = 0.02 

Combined: HR 0.88, 95% CI: 

0.76–1.02, p=0.08
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followed by PCSK9 inhibitor therapy in order to reach the LDL-C goals, though PCSK9 inhibitors can also be added 
directly to statin therapy. The average LDL-C reduction from high-intensity statin plus ezetimibe is around 65% while 
high-intensity statin plus PCSK9 inhibitor can reduce LDL-C by an average of 75%.

The 2018 American College of Cardiology (ACC)/American Heart Association (AHA) Multi-society Guideline on 
the Management of Blood Cholesterol recommends the use of PCSK9 inhibitors for secondary prevention patients at 
very high risk of ASCVD.10 It should be noted that the definition of “very high risk” differs between the North American 
and European guidelines. Whereas all secondary prevention and even some primary prevention patients fall into very 
high risk in the European guideline, very high risk ASCVD per the North American guideline consists of those with 
a history of multiple major ASCVD events (recent ACS within past 12 months, history of MI, history of ischemic stroke, 
symptomatic PAD) or one major ASCVD event with at least 2 high-risk conditions (age ≥65 years, heterozygous familial 
hypercholesterolemia, history of prior coronary revascularization outside of major ASCVD events, diabetes mellitus, 
hypertension, chronic kidney disease, current smoking, persistently elevated LDL-C ≥100 mg/dL despite maximally 
tolerated statins and ezetimibe, and history of congestive heart failure). The guideline recommends this approach as “very 
high-risk ASCVD patients” are the ones who have the highest risk of recurrent ASCVD events and therefore, derive 
more absolute risk reduction from aggressive LDL-C lowering with PCSK9 inhibitor therapy.37 Moreover, the North 
American guidelines recommend initiation of PCSK9 inhibitors on top of high-intensity or maximally tolerated statin 
therapy and ezetimibe, if LDL-C remains ≥70 mg/dL or non-HDL-C remains ≥100 mg/dL.

Practical considerations when deciding choice for adjunct therapy to maximally tolerated statins among very high-risk 
patients include patient preference, cost/insurance coverage, degree of ASCVD risk, extent of LDL-C reduction still 
needed and patient adherence. For instance, the addition of ezetimibe is likely reasonable for a patient with stable chronic 
coronary artery disease and LDL-C of 80 mg/dL on a high-intensity statin. Meanwhile, a patient with multiple 
myocardial infarctions within a two-year period who has a LDL-C of 100 mg/dL on maximally tolerated statin may 
warrant the addition of a PCSK9 inhibitor as the second lipid lowering agent. Early measurement of lipids, especially 

Table 2 Indications for PCSK9 Inhibitor Use Based on Contemporary European and North American Cholesterol Guidelines

2019 ESC/EAS Dyslipidemia Guideline 2018 ACC/AHA Multi-Society Guideline on the 
Management of Blood Cholesterol

Secondary 

Prevention

-Documented ASCVD including previous acute coronary 

syndrome, stable angina, coronary revascularization, stroke 

and TIA, and PAD. 
-Unequivocal imaging findings of ASCVD including significant 

plaque on coronary angiography or CT scan or carotid 

ultrasound. 
-If target LDL-C reduction ≥50% and <1.4 mmol/L (<55 mg/dL) 

not achieved on maximally tolerated statin and ezetimibe. 

Note: LDL-C goal <1.0 mmol/L (<40 mg/dL) in patients with 
recurrent ASCVD events within 2 years on maximally 

tolerated statin therapy.

-History of multiple major ASCVD events: recent acute 

coronary syndrome (within the past 12 months), history of 

myocardial infarction, history of ischemic stroke, symptomatic 
peripheral arterial disease (history of claudication with ABI 

<0.85, or previous revascularization or amputation). 

-History of one major ASCVD event and multiple high-risk 
conditions: age ≥65 years, HeFH, prior coronary 

revascularization, diabetes mellitus, hypertension, CKD, 

current smoking, persistently elevated LDL-C (≥2.6 mmol/L 
[≥100 mg/dL]) despite maximally tolerated statin therapy and 

ezetimibe, history of congestive heart failure. 

-If LDL-C ≥1.8 mmol/L (≥70 mg/dL) or non-HDL-C ≥2.6 
mmol/L (≥100 mg/dL) on maximally tolerated statin and 

ezetimibe.

Primary 

Prevention

-FH with another major risk factor. 

-Diabetes with target organ damage or at least 3 major risk 
factors, or early onset of type 1 diabetes of long duration (>20 

years). 

-Severe CKD (eGFR <30 mL/min/173 m2). Calculated SCORE 
≥10% for 10-year risk for fatal CVD. 

-If target LDL-C reduction ≥50% and <1.4 mmol/L (<55 mg/dL) 

not achieved on maximally tolerated statin and ezetimibe.

-Patients 30–75 years of age with HeFH and with an LDL-C 

≥2.6 mmol/L (≥100 mg/dL) while taking maximally tolerated 
statin and ezetimibe. 

-Patients 40–75 years of age with a baseline LDL-C of ≥ 5.7 

mmol/L (≥220 mg/dL) while receiving maximally tolerated 
statin and ezetimibe therapy.
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those with acute coronary syndrome, is indicated in order to assess adherence and to initiate additional therapies to bring 
LDL-C levels to goal.38,39 As such, the guidelines recommend initiation of PCSK9 inhibitors among ACS patients who 
do not reach LDL-C goals after 4–6 weeks on maximally tolerated statin and ezetimibe therapy. The European guidelines 
included consideration for initiating PCSK9 inhibitor in-hospital after an ACS event if the patient is already on 
maximally tolerated statin plus ezetimibe prior to the event.9 The EVOPACS trial, which assessed feasibility, efficacy 
and safety of initiating evolocumab during hospitalization for very high-risk patients with recent ACS, demonstrated that 
PCSK9 inhibitor added to a high-intensity statin during the in-hospital phase of ACS was safe and resulted in 
a significant proportion of participants achieving target LDL-C levels.40 However, at this time, there are as yet no 
outcomes data to support this practice especially among participants who are not optimized or fully adherent to statins.

Ischemic Stroke and Peripheral Artery Disease
It is important to recognize that patients with a history of stroke and symptomatic peripheral artery disease (PAD) derive 
similar risk reduction for ASCVD events with PCSK9 inhibitor treatment compared with those with coronary heart 
disease. Moreover, those with multi-bed vascular disease have been shown to be at higher risk compared with individuals 
with only coronary heart disease and thus can derive great absolute risk reduction from treatment.41 Finally, analysis from 
RCTs further showed that treatment with a PCSK9 inhibitor reduces risk for ischemic stroke and limb events. In 
FOURIER sub-analysis, evolocumab significantly reduced all stroke (HR 0.79, 95% CI: 0.66–0.95) and ischemic stroke 
(HR 0.75, 95% CI: 0.62–0.92), with no difference in hemorrhagic stroke.42 This was also seen in ODYSSEY- 
OUTCOMES where alirocumab reduced risk for any stroke (HR 0.72, 95% CI: 0.57–0.91) and ischemic stroke (HR 
0.73, 95% CI: 0.57–0.93) without increasing hemorrhagic stroke.43 The effect of PCSK9 inhibitor was similar among 
those with and those without a history of prior cerebrovascular disease. Meta-analysis of 16 RCTs of PCSK9 inhibitors 
including 39,104 patients showed that treatment with a PCSK9 inhibitor was associated with significantly lower risk for 
ischemic stroke (RR 0.77, 95% CI: 0.64–0.93) compared with those not treated, with no significant difference in risk of 
neurocognitive deficits.44

With respect to patients with PAD, a pre-specified analysis from FOURIER consisting of participants with lower limb 
PAD demonstrated that these patients were at higher absolute risk of both major adverse cardiovascular events (MACE) 
as well as major adverse limb events (MALE) with treatment using evolocumab resulting in relative risk reduction of the 
primary composite endpoint by 21% and MALE by 42%.45 Similar results were found for alirocumab in analysis from 
ODYSSEY-OUTCOMES where treatment with PCSK9 inhibitor among patients with a history of PAD resulted in 
significant relative risk reduction of limb events by 41% and absolute risk reduction of 8.6%.29

Studies on statin utilization have shown that LDL-C is undertreated among patients with ischemic cerebrovascular 
disease and even more so among those with PAD compared with patients with coronary heart disease.46,47 As such, 
clinicians must recognize the significant risk for adverse cardiovascular events that are associated with atherosclerotic 
disease within both cardiac as well as non-cardiac vascular beds, and initiate/intensify therapies accordingly. While 
improving appropriate statin prescription and ensuring statin adherence remains of upmost importance, practitioners 
should further work to avoid clinical inertia in the utilization of non-statin lipid-lowering therapies such as PCSK9 
inhibitors when necessary.48–51

Familial Hypercholesterolemia and Other Primary Prevention 
Considerations
Patients with familial hypercholesterolemia (FH) are at high risk for ASCVD events due to prolonged lifetime exposure to 
high LDL-C levels, usually starting from childhood. Risks for adverse cardiovascular events are further compounded as many 
individuals with FH also have elevated lipoprotein (a) (Lp(a)). In the European guidelines, both FH patients with ASCVD as 
well as primary prevention FH patients with another major risk factor such as diabetes mellitus or advanced chronic kidney 
disease are categorized as very high risk with recommended LDL-C goals of ≥50% reduction from baseline and an LDL-C 
<1.4 mmol/L (<55 mg/dL). FH patients without ASCVD or another major risk factor are categorized as high risk with LDL-C 
reduction goals of ≥50% reduction of LDL-C from baseline and an LDL-C <1.8 mmol/L (<70 mg/dL). Statins remain the 
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foundation of lipid-lowering therapy for FH patients and evidence suggests that early initiation of statins can reduce 
progression of atherosclerosis and lower risk for cardiovascular events in adulthood.52,53 However, not all patients can 
achieve adequate LDL-C lowering on statin therapy alone. Especially in those at very high ASCVD risk, the addition of 
adjunct therapy such as ezetimibe and PCSK9 inhibitors may be necessary. In the North American AHA/ACC Multisociety 
guidelines, PCSK9 inhibitors should be considered in heterozygous FH (HeFH) patients aged 30–75 years with an LDL-C 
level ≥2.6 mmol/L (100 mg/dL) while on maximally tolerated statins and ezetimibe. RCTs have shown that treatment with 
evolocumab or alirocumab can significantly reduce LDL-C in patients with HeFH without significant adverse side effects. In 
the RUTHERFORD trials, evolocumab was shown to reduce LDL-C by 60% at 12 weeks with continued use shown to be 
associated with persistent LDL-C reduction with a mean of 53.6% after 48 weeks.54–56 Similarly, data from ODYSSEY FH1 
and FH2 found reduction of LDL-C within a range of 50–60% in the PCSK9 group versus placebo after 24 weeks, with effect 
persisting at 78 weeks.57 There are currently no trials specific for HeFH patients that assess PCSK9 inhibitor and ASCVD 
outcomes. The effect of evolocumab on homozygous HF (HoFH) was also assessed in the TESLA trial.58 At 12 weeks, 
evolocumab significantly reduced LDL-C by 30.9% vs placebo. However, some patients with HoFH may have very low to no 
expression of LDL-R in the liver and thus will have a lower response to PCSK9 inhibition.59

PCSK9 inhibitors are rarely needed in non-FH primary prevention patients and currently there is a lack of strong clinical 
evidence to support such use. Even so, extrapolating from data demonstrating continued risk reduction for ASCVD with LDL-C 
lowering, primary prevention patients at very high risk may benefit from PCSK9 inhibitors when LDL-C goals are not achieved 
via treatment with statins and ezetimibe. Both the European and North American guidelines provide recommendations for the use 
of PCSK9 inhibitors in these very high-risk primary prevention patients. In the European guidelines, primary prevention patients 
at very high risk are defined as diabetes mellitus with target organ damage or at least three major risk factors, or early onset of 
type 1 diabetes mellitus of long duration (>20 years); severe CKD (eGFR <30 mL/min/1.73m2); calculated SCORE ≥10% for 10- 
year risk of fatal CVD; or FH with another major risk factor. In the North American guidelines, adults 40–75 years with severely 
elevated LDL-C levels ≥5.7 mmol/L (220 mg/dL) with LDL-C of ≥3.4 mmol/L (130 mg/dL) while on maximally tolerated 
statins and ezetimibe should also be considered for PCSK9 inhibitor therapy.

Side Effects
Large RCTs have shown that PCSK9 inhibitors are overall safe and well-tolerated. Common side effects associated with 
these agents are generally mild and include injection-site reactions, nasopharyngitis, and flu-like symptoms. In RCTs, 
there were similar rates of myalgias between the treatment and comparator arms. Real-world data from a large registry of 
15,554 individuals found that the rate of reported myalgia was 8.3%, which was comparable with rates between 3.5– 
7.2% that have been reported in randomized studies.60

Some earlier trials of evolocumab and alirocumab reported a low but significant increase in neurocognitive side effects 
with PCSK9 inhibitors leading to some concerns for reducing LDL-C to ultra-low levels.14,15,61 However, results from the 
large FOURIER and ODYSSEY-OUTCOMES trials did not show a significant increase in adverse events including 
neurocognitive deficits in the treatment group compared with placebo.7,8 Analysis from the EBBINGHAUS trial, which 
specifically aimed to evaluate cognitive function with PCSK9 inhibitor treatment, demonstrated no significant difference in 
cognitive function between those on evolocumab compared with placebo over 19 months follow-up.62 A secondary analysis 
from the FOURIER and EBBINGHAUS trials further showed evolocumab treatment did not significantly affect neurocogni-
tion among individuals with the APOE genotype.63 Moreover, in an RCT of 2086 patients randomized to alirocumab versus 
placebo, there was no significant effect of alirocumab treatment on neurocognitive function over a 96-weeks treatment 
period.64 A meta-analysis of 59,733 patients pooling data from RCTs on the impact of PCSK9 inhibitors on neurocognitive 
adverse events found no significant increase in risk of neurocognitive adverse effects with PCSK9 inhibitors.65 Meanwhile, 
among older adults, subgroup analysis from both the FOURIER and ODDYSSEY-OUTCOMES trials found no significant 
interaction for efficacy and no additional increase in safety outcomes when stratified by age.66–68

A Mendelian randomization study of PCSK9 variants showed an increased risk for diabetes (odds ratio 1.11, 95% CI: 
1.04–1.19) in the setting of impaired fasting glucose, which was comparable with variants for HMGCR.69 Increased rates 
of mild hyperglycemia episodes but not diabetes were further observed in a large real-world, pharmacovigilance study, 
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primarily with treatment with evolocumab.70 However, no significant signal for increased diabetes risk has been observed 
with RCTs of alirocumab or evolocumab.

Finally, while a great majority of patients treated with PCSK9 inhibitors show significant reduction in LDL-C, hypo- 
responsiveness to these agents has been reported. Proposed biologic mechanisms for “resistance” to PCSK9 inhibitors 
include dermatologic factors leading to impairment in systemic absorption, mutations that alter antibody binding to 
circulating PCSK9, development of significant titers of anti-drug antibodies against PCSK9 inhibitors, exaggerated 
secretion of PCSK9 or dysfunctional LDL receptor, or apoB.71 Yet the most common cause of hypo-responsiveness to 
medication is likely to be medication non-adherence to the PCSK9 inhibitor or concurrent lipid-lowering agents as well 
as improper administration of the medication.72 Thus, clinicians should take a careful history regarding medication use in 
patients with unexpectedly lower reduction in LDL-C who are on treatment with a PCSK9 inhibitor.

Cost and Real-World Utilization
There have been concerns with respect to the cost-effectiveness of PCSK9 inhibitors. With an initial annual cost of over 
14,000 US dollars, multiple simulation studies have found that use of these agents would result in immense cost to the 
healthcare system and would ultimately be cost ineffective even when prescribed to very high-risk patients.73–77 Impact 
of high out of pocket costs to individual patients has also been studied with analysis showing high rates of unfilled 
prescriptions because of cost.78,79 From a prescriber perspective, large national insurance datasets have found that only 
20.8% received approval on the first try and 47.2% ever received approval.78 The time and resources required to 
complete prior authorizations, in many cases multiple times, places a significant burden on clinical practices. Importantly, 
the high rates of rejections and abandonment for PCSK9 inhibitor prescriptions have led to an increased risk for ASCVD 
events compared with those receiving medication in the real world.80

The cost for PCSK9 inhibitors has been significantly lower in most other developed countries, around the range of 7000 
US dollars. However, despite this, the uptake of PCSK9 inhibitors in other countries have been much lower compared with 
the US. For instance, in an analysis of international sales data from 2015–2019, 57.9% of people on PCSK9 
inhibitors globally were from the US, while 30.9% were in Europe and 11.2% were in other countries.81 Starting in 2018, 
the manufacturers of evolocumab and alirocumab reduced the annual price to 5850 US dollars. An updated cost-effectiveness 
analysis for evolocumab using the new price found that at the reduced price, the addition of evolocumab to standard 
background therapy met accepted cost-effectiveness thresholds in very high-risk secondary prevention patients.82

With respect to adherence, because these medications are taken every 2 weeks or every month and have relatively 
favorable side effect profiles, theoretically PCSK9 inhibitors should have good adherence. However, real-world data have 
been mixed with some studies showing full adherence as high as 89% while other studies have found high discontinua-
tion rates with subpar adherence with proportion of days covered ≥80% of 29%.83–85 Most studies on adherence for 
PCSK9 inhibitors are small and more large-scale studies on adherence are needed to better understand patient utilization 
patterns of these medications (Figure 1).

Other Therapeutic Platforms for PCSK9 Inhibition
While this review focuses on anti-PCSK9 monoclonal antibodies, there are other classes of therapeutics targeting 
PCSK9. Inclisiran is a small interfering RNA (siRNA) therapeutic agent against PCSK9 inhibitor that has become 
available. These medications are administered subcutaneously and only require maintenance dosing every 6 months. In 
phase 3 trials, inclisiran demonstrated a significant LDL-C reduction of 49.9–52.3% at 510 days when compared with 
placebo among patients with ASCVD or ASCVD risk factors and elevated LDL-C despite receiving maximally tolerated 
statin therapy.86 Inclisiran has also been shown to significantly decrease LDL-C by 47.9% when compared with placebo 
after 510 days follow-up in patients with HeFH, elevated LDL-C and on maximally tolerated statins with or without 
ezetimibe.87 At the time of writing, there is no RCT data available on the efficacy of inclisiran in ASCVD risk reduction 
although the cardiovascular outcomes trial is ongoing.

Another PCSK9 inhibitor under development are the orally bioavailable macrocyclic peptides against PCSK9. These 
small molecules differ from current mAb based therapies as they are administered orally.88 Phase 1 data on MK-0616, an 
orally administered PCSK9 inhibitor, found significant reduction in LDL-C without serious adverse safety events. Gene 
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editing of PCSK9 with CRISPR base editing technologies is also under development and has shown durable LDL-C 
lowering in non-human primates.89,90

Conclusion
PCSK9 inhibitor are potent, generally well-tolerated therapeutic agents for lowering LDL-C and have been shown in 
cardiovascular outcomes trials to reduce risk for ASCVD in secondary prevention patients. Current guidelines recom-
mend the use of PCSK9 inhibitors in very high-risk patients who are not at LDL-C goal while on maximally tolerated 
statins therapy and usually after also adding ezetimibe. Cost remains a major consideration for PCSK9 inhibitor use 
though a recent price reduction may see an increase in uptake. Finally, novel PCSK9 inhibitors are being studied that will 
further increase the arsenal for ASCVD prevention.
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Figure 1 Pros and cons of PCSK9 inhibitor use in the real-world setting.
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