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Abstract: Inhibition of PCSK9 is a novel therapeutic strategy aimed at reducing 

low-density-lipoprotein cholesterol (LDL-C) and cardiovascular risk. Evolocumab is a fully 

humanized monoclonal antibody that inhibits PCSK9, an enzyme that binds to LDL receptors 

and prevents them from recycling to the hepatocyte surface. Clinical trials have demonstrated 

50%–70% reductions in LDL-C with evolocumab when used in combination with statin therapy. 

The recent FOURIER trial demonstrated that evolocumab further reduces cardiovascular 

events, but not mortality, in high-risk patients already receiving statin therapy. Furthermore, 

evolocumab did not affect neurocognitive function and was not associated with antidrug-

antibody production in over 60,000 patient-years of drug exposure. Appropriate candidates 

for evolocumab primarily are individuals at high cardiovascular risk, including those with 

familial hypercholesterolemia and/or established cardiovascular disease, who are already on 

statin therapy. At this time, the use of evolocumab monotherapy seems appropriate only for 

individuals deemed statin-intolerant despite attempting several statins. Consideration must be 

given toward patient willingness to self-inject evolocumab and issues concerning third-party 

coverage, given the current costs of evolocumab.
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Introduction
A plethora of evidence has demonstrated the effectiveness of statins to significantly 

reduce low-density-lipoprotein cholesterol (LDL-C) and the risk of atherosclerotic 

cardiovascular disease (ASCVD).1 However, significant residual risk remains in statin-

treated patients and has led to the pursuit of other lipid-lowering therapies to use in 

combination with statins in hopes of reducing this residual risk.2 While ezetimibe has 

modest effects in reducing LDL-C and residual risk,3 the LDL-C hypothesis would 

suggest that more potent LDL-C-lowering therapies may have a greater impact on 

ASCVD-risk reduction.

PCSK9 is a novel target for lowering LDL-C.4 Synthesized in the liver, PCSK9 

binds to the LDL receptor (LDL-R) resulting in endocytosis and lysosomal degrada-

tion (Figure 1). A clear genetic basis for targeting PCSK9 exists, as individuals with 

a gain-of-function mutation are at increased ASCVD risk, while those with a loss-of-

function mutation appear to be at lower risk of ASCVD.5,6 As such, PCSK9 inhibition 

has become an attractive therapeutic target. In this review, we focus on evolocumab 

and the current evidence supporting its clinical use.

Pharmacology
Evolocumab is a fully humanized monoclonal (IgG

2
) antibody that fills a concave 

surface on the catalytic site of PCSK9, which is nearby the LDL-R-binding site. 
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The binding of evolocumab to PCSK9 prevents PCSK9 from 

binding to the LDL-R, which prevents LDL-R degradation, 

allowing a return to the hepatocyte surface, where it can 

continue to remove LDL-C from the circulation.7

Evolocumab is administered via subcutaneous injection, 

and maximally suppresses circulating unbound PCSK9 

within 4 hours.8 Peak serum concentrations with evolocumab 

are reached in 3–4 days, and bioavailability is estimated at 

72%. Evolocumab is eliminated mostly by saturation of the 

binding to PCSK9, while at higher concentrations elimina-

tion occurs through a nonsaturable proteolytic pathway. 

The half-life of evolocumab is approximately 11–17 days. 

Importantly, evolocumab is a large molecule at 144 kDa, 

suggesting a low likelihood of it crossing the blood–brain 

barrier and having any adverse effects on the central nervous 

system.8 Although evolocumab exposure decreases with 

increasing body weight, this effect is not thought to be clini-

cally significant. Although no dose adjustment is required in 

patients with renal or hepatic impairment, individuals with 

severe renal or hepatic dysfunction have not been studied. 

Evolocumab does not have any significant drug–drug, drug–

food, or drug–disease interactions.

Efficacy studies
Studies of evolocumab have demonstrated lipid-lowering 

efficacy across a broad patient population. In this section, 

we highlight the effects of evolocumab in patients with 

and without familial hypercholesterolemia (FH), statin 

intolerance, and common comorbidities, such as dia-

betes. In addition, we review evolocumab’s effects on 

clinical outcomes, key intermediate and surrogate end 

points, and its safety profile. The lipoprotein-modifying 

effects of evolocumab in select studies are summarized 

in Table 1.

Reduction of LDL-C
General population
As monotherapy, evolocumab 140 mg biweekly and evo-

locumab 420 mg once monthly lower LDL-C by approxi-

mately 47%–57% and 53%–55%, respectively, after 12 weeks 

of treatment compared to placebo.12,13 Over 52 weeks of 

follow-up, repeated evolocumab dosing biweekly or once 

monthly maintains durable LDL-C lowering comparable to 

that shown in 12-week follow-up.11,14

Importantly, LDL-C lowering with evolocumab is main-

tained on statin background therapy.15 When evolocumab 

was added to background therapy with atorvastatin 80 mg or 

atorvastatin 80 mg plus ezetimibe, 12 weeks of evolocumab 

therapy reduced LDL-C by 76% and 47%, respectively, 

for the 140 mg biweekly regimen and by 71% and 39%, 

respectively, for the 420 mg once-monthly regimen.14 Robust 

LDL-C lowering with evolocumab as add-on therapy has 

Figure 1 inhibition of PCSK9 with evolocumab.
Notes: (A) The LDL receptor first binds circulating LDL (). The LDL–LDL receptor complex is then internalized into the hepatocyte (), where LDL degradation 
occurs (). After PCSK9 binds the LDL receptor (Ⓐ), the PCSK9–LDL receptor complex is internalized into the hepatocyte (Ⓑ) and the LDL receptor metabolized (Ⓒ). 
(B) Binding of circulating PCSK9 by the anti-PCSK9 antibody evolocumab prevents the internalization of LDL receptors. Therefore, more LDL receptors are available on the 
surface of the hepatocyte for LDL clearance.
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been shown across several statins and statin doses, with or 

without ezetimibe.17

When added to background ezetimibe without statin 

therapy, PCSK9 inhibition with evolocumab reduces 

LDL-C by an additional 34%–39%.12,13 Evolocumab has 

also demonstrated similar LDL-C lowering effects in 

Japanese patients, suggesting that the utility of monoclonal 

antibodies against PCSK9 may not be modified by race or 

ethnicity.17,18 Additional analyses in other races/ethnicities 

would be of interest.

In patients without FH, the extremely low levels of 

LDL-C achieved by adding evolocumab to high-intensity 

statin therapy are unprecedented. For example, in the 

Phase II LAPLACE 2 study, patients receiving rosuvastatin 

40 mg daily and evolocumab 420 mg monthly achieved 

a mean LDL-C of 33 mg/dL (SD 28.3 mg/dL).19 In the 

long-term DESCARTES study, 41% and 66% of patients 

achieved at least one LDL-C ,15 mg/dL and ,25 mg/dL, 

respectively.20

FH
Evolocumab has also demonstrated meaningful lipid- 

lowering efficacy in patients with FH when added to 

standard-of-care lipid-lowering agents. In homozygous FH, 

evolocumab 420 mg monthly reduced LDL-C by 41% (95% 

CI 28%–53%) for patients with one or more defective LDL-R 

alleles compared to placebo.21 LDL-C reductions were less 

pronounced when the analysis was restricted to homozygous 

patients with defective/negative LDL-R alleles (25%, 95% 

CI 7%–42%),22 and were not different than placebo in double-

negative LDL-R allele patients.23

In heterozygous FH, evolocumab 140 mg biweekly 

and 420 mg monthly reduced LDL-C by 59% (95% CI 

53%–65%) and 61% (95% CI 54%–69%), respectively.24,25 

Whereas LDL-C reductions are influenced by genotype in 

homozygous FH, LDL-C reductions are not different across 

differences in genotype among patients with heterozy-

gous FH.24

LDL apheresis removes 52% of circulating PCSK9, sug-

gesting that evolocumab’s LDL-C-lowering effects may be 

blunted when utilized in conjunction with LDL apheresis.26 

However, a post hoc analysis of a clinical trial of homozy-

gous FH found similar mean LDL-C reductions at weeks 12 

and 48 between subjects, regardless of whether or not they 

were on apheresis.27

Effects beyond LDL cholesterol
Apolipoprotein B
In addition to LDL-C reductions, evolocumab has dem-

onstrated reductions in ApoB that mirror LDL-C changes. 

Compared to placebo, ApoB was reduced by 45%–48% when 

evolocumab was added to background statin therapy of any 

intensity for 1 year of treatment.28

Adding evolocumab to ezetimibe-containing statin regi-

mens produced a slightly less significant drop in ApoB. In a 

12-week study, evolocumab reduced ApoB by 34%–38% when 

added to statin therapy with ezetimibe compared to 47%–61% 

when added to statin therapy without ezetimibe.17

Table 1 effects of evolocumab on pro- and antiatherogenic lipoproteins

Study Population Duration Dosing LDL-C HDL-C Non-HDL-C TGs ApoB ApoA1 Lp(a)

Giugliano et al15 (LAPLACe) Non-FH 12 weeks 140 mg Q2w
420 mg Q4w

-66.1%
-50.3%

8.1%
4.5%

-61.4%
-47.6%

-33.7%
-19.4%

-56.4%
-42.0%

0.3%
3.6%

NR
NR

Robinson et al16 (LAPLACe 2) Non-FH 12 weeks 140 mg Q2w
420 mg Q4w

-61.8%
-65.1%

8.4%
7.8%

-54.4%
-56.3%

-9.3%
-15.4%

-49.1%
-53.3%

NR
NR

-25.0%
-27.5%

Koren et al12 (MeNDeL) Non-FH 12 weeks 140 mg Q2w
420 mg Q4w

-47.2%
-52.5%

10.2%
5.8%

-45.2%
-47.1%

-12%
-3.3%

-44.2%
-42.5%

10.5%
5.3%

-29.3%
-29.2%

Koren et al13 (MeNDeL 2) Non-FH 12 weeks 140 mg Q2w
420 mg Q4w

-57.1%
-54.8%

7.6%
5.5%

-49.8%
-51.2%

-6.2%
-17.7%

-47.8%
-48.4%

NR
NR

-20.4%
-17.8%

Blom et al14 (DeSCARTeS) Non-FH 52 weeks 420 mg Q4w -59.3% 5.4% -50.3% -11.5% -44.2% 2.2% -22.4%
Raal et al21 (RUTHeRFORD) HeFH 12 weeks 420 mg Q4w -56.4% 6.8% -53.5% -19.9% -46.2% 1.7% -31.5%
Raal et al24 (RUTHeRFORD 2) HeFH 12 weeks 140 mg Q2w

420 mg Q4w
-59.2%
-61.3%

9.2%
9.1%

-54.8%
-55.0%

-19.6%
-11.6%

-49.1%
-49.4%

8.7%
3.9%

-31.6%
-28.2%

Stein et al23

(TeSLA A)
HoFH 12 weeks 420 mg Q4w -16.5%* 4.7%* NR -5.7% -14.9%* 1.3%* -24.6%*

Raal et al22

(TeSLA B)
HoFH 12 weeks 420 mg Q4w -30.9% -0.1% NR 0.3% -23.1% NR -11.8%

Notes: *Percentage change from baseline (without placebo correction). Percentage changes in lipoprotein subfractions are summarized for evolocumab. Only results for US 
Food and Drug and Drug Administration-approved regimens are included.
Abbreviations: LDL-C, low-density-lipoprotein cholesterol; HDL-C, high-density-lipoprotein cholesterol; TGs, triglycerides; FH, familial hypercholesterolemia; HeFH, 
heterozygous FH; HoFH, homozygous FH; NR, not reported; Q2w, every two weeks.
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High-density lipoprotein and 
apolipoprotein A1
Increases in nonatherogenic lipoprotein subsets are 

modest with evolocumab treatment. When added to 

atorvastatin 10 mg, atorvastatin 80 mg, or atorvastatin 

80 mg plus ezetimibe, placebo-adjusted changes in high-

density-lipoprotein (HDL) were 5.4% (SE 1.1%) after 52 

weeks of treatment.28 Even smaller changes were observed 

in evolocumab-treated patients with respect to ApoA1 (,5% 

on average).28

Lipoprotein(a)
Lipoprotein(a) (Lp[a]) consists of ApoA, a plasminogen-like 

protein that may interfere with fibrinolysis covalently bound 

to the ApoB of an LDL particle, and has been associated with 

cardiovascular risk.29 Data from clinical trials of evolocumab 

monotherapy (MENDEL and MENDEL 2), evolocumab 

add-on therapy (LAPLACE and LAPLACE 2), evolocumab in 

heterozygous FH (RUTHERFORD and RUTHERFORD 2) 

and long-term extension trials (OSLER and OSLER 2) were 

pooled to determine the effects of evolocumab on circulating 

Lp(a) levels.30

After 12 weeks of treatment, evolocumab-treated patients 

experienced mean reductions in Lp(a) of 25% (95% CI 

4%–40%) and 22% (95% CI 4%–40%) for the 140 mg 

biweekly and the 420 mg monthly regimens, respectively. 

Lp(a) reductions were durable over 52 weeks of treatment in 

long-term extension trials and related to LDL-C reductions.11 

Evolocumab-induced reductions in Lp(a) appear unaffected 

by age, sex, race/ethnicity, diabetes status, or intensity of 

statin therapy.17,31 The recent testing of an antisense oligo-

nucleotide against ApoA in humans may herald a future 

increase in our understanding of Lp(a).32

Special populations
Metabolic disease
The effects of evolocumab have been investigated specifi-

cally in patients with type 2 diabetes, who are at heightened 

cardiovascular risk.33 A comparison of patients with and 

without type 2 diabetes mellitus enrolled in Phase II evo-

locumab clinical trials revealed no significant differences in 

changes in LDL-C, Lp(a), or HDL.34 However, in a separate 

analysis of the DESCARTES study, LDL-C lowering was 

significantly greater in patients without type 2 diabetes or 

with impaired fasting glucose or metabolic syndrome com-

pared to those with type 2 diabetes.35 Notably, the former 

analysis included a larger sample size (n=2,531 vs n=901) 

and multiple studies.

Statin intolerance
After rechallenging patients with atorvastatin to verify statin 

intolerance, Nissen et al randomized patients to receive 

ezetimibe 10 mg daily or evolocumab 420 mg once monthly.36 

LDL-C was decreased by 17% (95% CI 13%–21%) and 53% 

(50%–56%) in ezetimibe- and evolocumab-treated patients, 

respectively (P,0.001 for comparison of ezetimibe and 

evolocumab). Similar effects were seen for evolocumab 

140 mg every 2 weeks in comparison with placebo.37 When 

added to ezetimibe background therapy in statin-intolerant 

patients, evolocumab 420 mg once monthly reduced LDL-C 

by 47% (95% CI 41%–54%).38

Clinical outcomes
FOURieR trial
In March 2017, the FOURIER trial was published.9 This 

outcomes trial randomized 27,564 patients with ASCVD 

and LDL-C .70 mg/dL to receive evolocumab or placebo 

in addition to background statin therapy. Nearly 70% of 

patients were receiving high-intensity statins, and the median 

LDL-C was 92 mg/dL (IQR 80–109). The primary efficacy 

end point was the composite of cardiovascular death, myo-

cardial infarction, stroke, hospitalization for unstable angina, 

or coronary revascularization.

After 48 weeks of treatment, patients in the evolocumab 

arm had a median LDL-C of 30 mg/dL (IQR 19–46). An 

LDL-C of ,25 mg/dL was achieved in 42% of evolocumab 

patients compared to 0.1% of placebo patients. The median 

duration of follow-up in this event-driven trial was 26 months 

(IQR 22–30).

Overall, when added to background statin therapy, evo-

locumab significantly reduced the risk of the primary end 

point compared to placebo (9.8% vs 11.3%, HR 0.85, 95% 

CI 0.79–0.92; P,0.001). The between-group difference 

in the primary end point was due to significant reductions 

in myocardial infarction (3.4% vs 4.6%, HR 0.73, 95% CI 

0.65–0.82; P,0.001), stroke (1.5% vs 1.9%, HR 0.79; 95% 

CI 0.66–0.95; P,0.01), and coronary revascularization 

(5.5% vs 7.0%, HR 0.78, 95% CI 0.71–0.86; P,0.001). 

There were no significant differences in cardiovascular death, 

death from any cause, or hospitalization for unstable angina. 

Event reductions were similar across subgroups.

Importantly, adverse events leading to drug discontinu-

ation were not significantly different between evolocumab 

and placebo (1.6% vs 1.5%). Injection-site reactions were 

slightly more common in the evolocumab group (2.1% 

vs 1.6%), but occurred infrequently overall. The risks 

of neurocognitive events and new-onset diabetes were 
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not significantly different between the two groups. Over 

60,000 patient-years of evolocumab exposure, there were 

only three patients with antidrug antibodies, none of which 

was neutralizing antibodies.

Overall, the FOURIER trial supports the LDL-C hypoth-

esis of ASCVD and demonstrates that extreme LDL-C 

reduction prevents ASCVD when added to background statin 

therapy. Notably, the median duration of FOURIER was 

approximately 3 years less than the duration of landmark 

statin trials, and a mortality benefit was not observed during 

the trial. The investigators conducted a landmark analysis of 

FOURIER years 0–1 and years 1–2. In comparison with a 

lipid lowering meta-analysis,1 FOURIER event reductions 

were similar to those reported in years 0–1 and years 1–2 

of prior lipid-lowering trials. This important comparison 

suggests that longer follow-up of FOURIER patients would 

reveal a significant mortality reduction. Indeed, evolocumab 

may require 1–2 years before changes in coronary-artery 

atheroma volume can be detected.10

In an exploratory analysis of the OSLER and OSLER 

2 clinical trials, evolocumab demonstrated a 53% relative 

reduction in the composite of cardiovascular death, myo-

cardial infarction, unstable angina requiring hospitalization, 

coronary revascularization, stroke, transient ischemic attack, 

and hospitalization for heart failure after 1 year of treatment.11 

Differences in effect size between FOURIER and OSLER 

may be attributed to the inclusion of very high-risk patients 

with FH, smaller samples, and shorter duration of follow-up 

in OSLER, which may have predisposed to artificial magni-

fication of treatment effect.

Safety of evolocumab
Short-term adverse-effect profile
PCSK9 inhibition with evolocumab is well tolerated in the 

short term. The most common adverse effects are nasophar-

yngitis (10.5% vs 9.6% for placebo), upper respiratory 

tract infection (9.3% vs 6.3%), influenza (7.5% vs 6.3% 

for placebo), back pain (6.2% vs 5.6% for placebo), and 

injection-site reactions, such as erythema, pain, and bruising 

(5.7% vs 5% for placebo).

Long-term adverse-effect profile
The long-term adverse-effect profile of evolocumab is less 

clear, due to a lack of long-term follow-up on this new agent. 

It has been hypothesized that exposure to extremely low 

LDL-C levels would result in pathologic cholesterol defi-

ciency, impairing cell-membrane integrity and cholesterol-

dependent functions, such as steroid-hormone production.39 

Moreover, PCSK9 is expressed in the central nervous system 

and appears to exert protective effects,40 further intensifying 

neurocognitive concerns.

On the other hand, elderly patients with PCSK9 loss-of-

function mutations demonstrate similar cognitive function 

as those with wild-type PCSK9 genotypes,41 and non-LDL-C 

pathways (eg, dietary absorption, hepatic de novo synthesis) 

appear sufficient to maintain adequate cholesterol availability 

in the setting of abnormally low LDL levels.42 Long-term 

follow-up of patients utilizing PCSK9 inhibitors will be 

required to resolve this controversy.

Neurocognitive effects
Khan et al conducted a meta-analysis of eleven PCSK9-

inhibitor studies (evolocumab and alirocumab), involving 

10,656 patients.43 Overall, the rate of serious adverse events 

was not significantly different between PCSK9 inhibitor-

treated patients and controls (11% vs 10.3%, odds ratio 1; 

P=0.96). Neurocognitive events, which can be either acute 

(eg, confusion) or chronic (eg, dementia), did not occur more 

frequently in PCSK9 inhibitor-treated patients, and overall 

event rates were low (0.8% for PCSK9 inhibitors vs 0.5% 

for control; OR 1.29, 95% CI 0.64–2.59; P=0.47). Excluding 

short-term studies, the incidence of any neurocognitive event 

was significantly increased in PCSK9-inhibitor patients 

(OR 2.81, 95% CI 1.32–5.99; P=0.007).

In the EBBINGHAUS study, 1,974 patients were rec-

ruited from the overall FOURIER cohort and followed 

prospectively for the duration of the FOURIER trial.44 The 

Cambridge Neuropsychological Test automated battery was 

administered to assess neurocognitive function. Overall, there 

were no significant differences in the primary or secondary 

neurocognitive function end points between evolocumab-

treated and placebo-treated patients (P,0.0001 for noninfe-

riority for the primary end point). There were no differences 

either in cognitive tests when subjects were stratified by their 

achieved LDL-C, including ,25 mg/dL. Furthermore, no 

adverse neurocognitive effects were found in alirocumab-

treated patients with LDL-C ,25 mg/dL compared to 

alirocumab-treated patients with LDL-C $25 mg/dL over 

a median exposure to extremely low LDL-C of 43 weeks.19 

Despite these data, additional studies are warranted to 

investigate further the neurocognitive effects of longer term 

PCSK9-inhibitor use.

Cholesterol synthesis and absorption
Vitamin E and steroid-hormone levels were measured in 

100 patients who participated in a substudy of a long-term 
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evolocumab study.20 Relative to changes in cholesterol, there 

were no significant changes in serum vitamin E levels, LDL 

vitamin E levels, or red-cell membrane vitamin E levels. 

Similarly, estrogen, testosterone, cortisol, and adrenocorti-

cotropic hormone were unaffected by extreme LDL lowering 

with evolocumab.

In an 88-patient substudy of the Phase II MENDEL study, 

changes in cholesterol-synthesis markers (lathosterol and 

desmosterol) and in cholesterol-absorption markers (campes-

terol and β-sitosterol) were evaluated after 12 weeks of 

treatment with evolocumab or ezetimibe.45 Both evolocumab 

140 mg biweekly and 420 mg monthly reduced absolute 

levels of all four cholesterols.

However, after adjustment for changes in total choles-

terol, the net effects appeared neutral. Evolocumab 140 mg 

biweekly and 420 mg monthly regimens increased the 

β-sitosterol:total cholesterol (TC) ratio (P,0.05 for both 

regimens) and the campesterol:TC ratio (not significant 

for either regimen), suggesting a compensatory increase in 

cholesterol absorption.

Evolocumab 420 mg monthly increased desmosterol:TC 

(P,0.01) but not lathosterol:TC ratio (not significant), 

and thus had unclear effects on cholesterol synthesis. Evo-

locumab 140 mg biweekly had no significant effect on either 

campesterol:TC ratio or lathosterol:TC ratio. Given the small 

sample of this study, additional data are required for a more 

definitive analysis of the effects of evolocumab on cholesterol 

synthesis and absorption.

Patient selection
The 2013 American College of Cardiology/American Heart 

Association blood cholesterol guideline makes no mention of 

PCSK9 inhibitors, as these agents were not approved when 

the guidelines were published.46 In 2016, an expert-consensus 

document was published to inform clinicians regarding the 

use of non-statins, including PCSK9 inhibitors.47 These rec-

ommendations were developed based on the 2013 guidelines 

and include algorithms describing workflows for consider-

ations regarding the use of nonstatins. Essentially, PCSK9 

inhibitors were recommended for secondary-prevention 

patients (with or without diabetes) needing additional LDL-C 

lowering and those with LDL-C $90 mg/dL (ie, FH). 

Notably, the FOURIER trial demonstrated that evolocumab 

reduces cardiovascular events in these high-risk patients 

when used in combination with statin therapy.11

Also in 2016, the European Society of Cardiology and 

European Atherosclerosis Society published a consensus 

statement on the use of PCSK9 inhibitors.48 Essentially, 

PCSK9 inhibitors were recommended in individuals with 

documented ASCVD, severe FH without ASCVD, and 

those with diabetes and evidence of target organ damage 

(eg, proteinuria) or a major risk factor (eg, hypertension). 

Furthermore, PCSK9 inhibitors are recommended in these 

very high-risk patients only if their LDL-C remains elevated 

after titration to a maximally tolerated statin dose plus 

ezetimibe. Additional guidance is given regarding the iden-

tification of statin-associated myalgia and its management 

to encourage clinicians to ensure very high-risk patients are 

receiving the maximally tolerated dose of a statin.

Patients who require lipid-lowering therapy but have 

confirmed intolerance to statin therapy would also be 

appropriate candidates for evolocumab. Statin intolerance 

is generally defined as the inability to tolerate at least two 

statins, including one at the lowest starting dose and another 

at any dose.49 Additionally, statin intolerance should be con-

firmed by using either laboratory data (eg, creatine kinase) 

or improvement in symptoms after decreasing the dose or 

discontinuing the statin. The achievement of goal lipid levels 

in high-risk patients is challenging without the ability to 

increase or utilize moderate- to high-dose statin therapy. The 

GAUSS 3 trial36 enrolled patients with prior statin intoler-

ance due to muscle-related events (myalgia, myositis, or 

rhabdomyolysis), confirming their statin intolerance with a 

placebo-controlled atorvastatin rechallenge. Once true statin 

intolerance was confirmed, evolocumab therapy showed 

superior LDL-C reduction and a comparably low rate of 

further muscle-related events when compared to ezetimibe, 

strengthening its emerging role as a statin alternative for this 

particular group.

The use of evolocumab for primary prevention is more 

controversial. While using evolocumab in patients with 

FH who have not yet had a cardiovascular event would 

be appropriate if additional LDL-C lowering was needed, 

statins should remain the initial drug of choice for primary 

prevention. Ezetimibe and bile-acid sequestrants should 

be added to statin therapy if additional LDL-C lowering is 

needed instead of evolocumab.47 The role of evolocumab 

in the general primary-prevention population warrants 

further study, and its cost-effectiveness in this population 

remains unclear.

Patient perspectives
The cost of both evolocumab and alirocumab, which have 

a mean annual wholesale price of US$14,350, is a major 

barrier for patient access and the crux of ongoing discus-

sions on who will pay for these drugs and which patients 
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should receive these agents. Kazi et al50 performed a cost-

effectiveness analysis of PCSK9 inhibitors in patients with 

heterozygous FH or CVD using the Cardiovascular Disease 

Policy Model, which is a simulation model of US adults 

aged 35–94 years. An annual wholesale cost of $14,350 

was used in the analysis, which was based on the average 

cost for both alirocumab and evolocumab. Using a quality-

adjusted life-year cost-effectiveness threshold of $100,000, 

the study found that the annual cost of PCSK9 inhibitors 

would need to be reduced nearly 70% to $4,356. The total 

drug costs over 5 years would approach $600 billion if all 

eligible patients received a PCSK9 inhibitor. It is important 

to note that this analysis was based on a simulation model 

and before the clinical outcome benefit of PCSK9 inhibitors 

was established. Additionally, actual drug costs are usually 

lower, as final pricing is negotiated between pharmaceutical 

companies and payers.

Unsurprisingly, coverage of PCSK9 inhibitors by third-

party payers in the US has been poor. Initial rejection rates 

have been reportedly as high as 80%, with only 25%–50% 

getting approved after additional attempts.51 While this may 

be expected for PCSK9-inhibitor requests in the primary-

prevention population and those without FH, rejection rates 

in patients with FH have also been reported to be as high as 

80%.51 The prior-authorization process can place significant 

strain on medical practices and health systems, especially if 

multiple attempts are required to obtain approval. As for other 

countries, especially those in the EU, coverage of PCSK9 

inhibitors varies as well, but there are fewer barriers, such as 

the lack of a complicated prior-authorization process due to 

having a single-payer health-care system.48 It is unknown at 

this time how the FOURIER trial results will influence drug 

pricing and the willingness of third-party payers to provide 

adequate coverage for PCSK9 inhibitors.

In addition to the high costs of PCSK9 inhibitors, the only 

currently available drug-delivery option for both evolocumab 

and alirocumab is subcutaneous injection. In an investigation 

of alirocumab-delivery devices (syringe or prefilled autoin-

jector pen), which are essentially the same as evolocumab’s, 

primary-care providers and specialist providers provided 

favorable feedback on the ease of use of the autoinjector pen 

and enthusiasm that many or most of their patients would 

be willing to use the delivery devices, particularly the pen. 

Patients similarly found the delivery modes easy to use 

and understand, and after instructions 72% of them were 

“very willing” to self-inject with the pen.52 Of note, having 

already self-injected investigational drugs as part of their 

participation in the OSLER parent trials, 74.1% of the eligible 

patients were enrolled in subsequent OSLER and OSLER 2 

trials.11 The reasons for eligible patients not enrolling was 

not reported, but this reflects a sizeable majority of subjects 

who demonstrated voluntary adherence.

Evolocumab can be administered once monthly by either 

injecting three doses within 30 minutes from prefilled auto-

injector cartridges or by a single 9-minute administration 

from an on-body infuser. The latter device even allows for 

moderate physical activities during the injection process.8 

The THOMAS and THOMAS 2 trials demonstrated that 

after appropriate training, self-administration of evolocumab 

at home is safe and effective, whether a prefilled syringe, an 

autoinjector, or an automated minidoser is used.53 Interest-

ingly, when patients enrolled in the FOURIER trial were 

given the option of 150 mg every two weeks or 450 mg every 

four weeks, only about 10% appeared to have received the 

latter dosing, although all doses in this trial were given via 

syringe, and investigational product availability may have a 

limited 4-week dosing option.9 Recently, the US Food and 

Drug and Drug Administration also approved a once-monthly 

option for alirocumab, which involves administering two 

150 mg injections for a total dose of 300 mg. It should also 

be noted that oral formulations of PCSK9 inhibitors are 

in development.4

In addition to low rates of muscle-related events, evo-

locumab’s side-effect profile appears extremely favorable. 

The FOURIER trial demonstrated no significant difference 

between evolocumab and placebo with regard to muscle-

related events, cataracts, neurocognitive adverse events, 

and hemorrhagic stroke.9 Injection-site reactions occurred 

in 2.1% of patients receiving evolocumab compared to 1.6% 

receiving placebo; only 0.1% in each group discontinued 

therapy with the investigational injections due to these reac-

tions. Overall adverse events leading to discontinuation of the 

investigational drug were not statistically different between 

groups: 1.6% with evolocumab and 1.5% with placebo.9 

Considering the concerns many patients have regarding 

statin-associated side effects, whether real or perceived, 

the side-effect profile of evolocumab may be preferred by 

many patients.

Conclusion
PCSK9 has proven to be a highly viable therapeutic target. 

Evolocumab is a monoclonal antibody shown to be safe and 

effective in significantly reducing LDL-C. Recent evidence 

from the FOURIER trial has also demonstrated that evo-

locumab improves clinical outcomes. While evolocumab 

seems most appropriate for patients with FH or those with 
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established CVD in need of additional LDL-C lowering, it 

is also an appealing option for statin-intolerant individuals 

who are at high risk. Limitations to using evolocumab include 

subcutaneous administration, patient-access issues, and 

unfavorable cost-effectiveness based on its current average 

wholesale price.
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