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Abstract
Purpose of Review Atherosclerotic cardiovascular disease (ASCVD) is caused by elevated levels of low-density lipoprotein
cholesterol (LDL-C). Although statins significantly reduce ASCVD risk, there remains a high degree of residual risk in statin-
treated patients. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibition has emerged as a significant therapeutic target
for further lowering of LDL-C when used in combination with statins. The purpose of this review is to provide an update on
recent evidence supporting the use of PCSK9 inhibitors in patients with ASCVD.
Recent Findings Alirocumab and evolocumab were approved by the US Food and Drug Administration in 2015. Multiple phase
II and III studies have demonstrated that these agents reduce LDL-C levels by up to 60% and are relatively safe, with the
exception of injection site reactions. Additionally, two randomized controlled clinical trials have demonstrated that both
alirocumab and evolocumab reduce ASCVD events when used in combination with statin therapy compared to statin alone.
In light of this evidence, the 2018 Cholesterol Guideline incorporated PCSK9 inhibitors into the treatment algorithm for select
secondary prevention patients unable to achieve an LDL-C below 70 mg/dL despite maximally tolerated statin plus ezetimibe.
Summary Although PCSK9 inhibitors provide substantial reductions in LDL-C levels and reduce ASCVD events in secondary
prevention populations, the cost-effectiveness of alirocumab and evolocumab limit widespread use. Additional research is needed
to explore the role of PCSK9 inhibitors in other populations, including primary prevention, patients unable to tolerate statins, and
acute myocardial infarction.
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Introduction

Cardiovascular (CV) disease remains a leading cause of death
in the world [1]. The primary cause of atherosclerotic cardio-
vascular disease (ASCVD) is elevated levels of low-density
lipoprotein cholesterol (LDL-C) [2]. One of the most effective
strategies to reduce ASCVD risk is statin therapy, which re-
duces LDL-C up to 55%, and more importantly, significantly

reduces ASCVD events and CV mortality [3]. Despite statin
therapy, patients with a prior ASCVD event have a high de-
gree of residual risk. Several non-statin therapies have been
investigated to see if they reduce residual ASCVD risk when
used in combination with statins, but results are mixed [4].
Despite obvious differences in trial design, study population,
and therapeutic approaches, a common factor among the non-
statin agents was a lack of substantial LDL-C lowering be-
yond statin therapy alone.

In 2003, the enzyme proprotein convertase subtilisin/kexin
type 9 (PCSK9) was discovered to promote intracellular deg-
radation of LDL receptors and decrease the number of LDL
receptors that are recycled in the liver [5]. Additional research
confirmed that PCSK9 inhibition increases LDL receptor
recycling and the number of LDL receptors present on the
hepatocyte surface, which subsequently lowers LDL-C con-
centrations in the circulating plasma. Individuals with a loss-
of-function mutation for PCSK9 were discovered to have
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lower LDL-C levels and lower rates of ASCVD confirming
PCSK9 as a therapeutic target [6]. By 2015, two fully human-
ized monoclonal antibodies to PCSK9, alirocumab and
evolocumab, were approved by the US Food and Drug
Administration (FDA). Alirocumab and evolocumab lead to
dose-dependent reductions in LDL-C and can lower levels by
an additional 60% when added to statin therapy [5].
Importantly, both monoclonal antibodies were found to have
a favorable safety profile with only a slightly increased num-
ber of reported injection site reactions.

Since the initial approval of alirocumab and evolocumab,
significant progress has been made in understanding the role
of PCSK9 inhibitors and their impact on clinical outcomes.
The purpose of this review is to provide an overview of two
recent cardiovascular outcome trials investigating PCSK9 in-
hibition in high-risk populations, the current role of PCSK9
inhibitors in ASCVD prevention according to current practice
guidelines, and future directions for this class of agents.

FOURIER

The Further Cardiovascular Outcomes Research with PCSK9
Inhibition in Subjects with Elevated Risk (FOURIER) trial
was a randomized, double-blind, placebo-controlled, multina-
tional clinical trial investigating the efficacy and safety of
evolocumab when added to high-intensity or moderate-
intensity statin therapy in patients with stable clinical
ASCVD [7]. Patients (n = 27,564) were randomized to receive
evolocumab (either 140 mg every 2 weeks or 420 mg month-
ly), or matching placebo as subcutaneous injections for
26 months [8••]. To be eligible for inclusion, patients had to
be adults of 40 to 85 years of age with clinical ASCVD and a
fasting LDL-C ≥ 70 m/dL or non-high-density lipoprotein
cholesterol (non-HDL-C) level ≥ 100 mg/dL despite receiving
high- or moderate-intensity statin ± ezetimibe. The primary
efficacy endpoint was a composite of CV death, myocardial
infarction (MI), stroke, hospitalization for unstable angina, or
coronary revascularization. A key secondary endpoint was a
composite of CV death, MI, or stroke.

Key baseline characteristics are summarized in Table 1. At
48 weeks, evolocumab reduced LDL-C levels by 59% from
baseline compared with placebo for a mean absolute reduction
of 56 mg/dL [8••]. The primary efficacy endpoint occurred in
9.8% of patients in the evolocumab group and 11.3% of pa-
tients in the placebo group, indicating a 15% RRR with
evolocumab (HR, 0.85; 95% CI, 0.79–0.92; P < 0.001) and
a number needed to treat (NNT) of 74. The key secondary
endpoint was also significantly reduced in patients treated
with evolocumab (HR, 0.80; 95% CI, 0.73–0.88; P < 0.001).
The findings were consistent across key subgroups, including
the subgroup of patients in the lowest quartile for baseline
LDL-C levels. Injection site reactions were the only signifi-
cant adverse effect associated with evolocumab compared to

placebo (2.1% vs. 1.6%; P < 0.001). A planned subgroup of
patients from FOURIER had prospective cognitive function
testing using the Cambridge Neuropsychological Test
Automated Battery, which found no associated differences in
measures of cognitive function for the treatment group vs.
placebo [9•].

This landmark trial demonstrated that PCSK9 inhibition
not only produces significant reductions in LDL-C, when used
in combination with statin therapy, but also reduces ASCVD
events in a secondary prevention population. Following the
success of FOURIER, the FDA granted evolocumab an ap-
proved indication “to reduce the risk of MI, stroke, and coro-
nary revascularization in adults with established CV disease”
making evolocumab the first non-statin to receive such an
indication from the FDA [10]. Following publication of
FOURIER, multiple pre-specified analyses have also been
published and will be reviewed below.

Clinical Benefit by Severity of Coronary Artery Disease

Determining factors associated with patients most likely to
benefit from evolocumab would inform clinical decisions re-
garding which patients should receive a PCSK9 inhibitor. This
subgroup analysis characterized 22,351 patients with prior MI
according to number of prior MIs, time to event, and presence
of multivessel disease [11•]. Nearly 40% of the population
were within 2 years of their last MI, 24% had > 2 prior Mis,
and 25% had multivessel disease. Multivariable analysis
showed all three were independent predictors of the primary
endpoint (HR 1.37, 95% CI, 1.24–1.56; all P < 0.001).
Furthermore, evolocumab reduced the relative risk of the pri-
mary endpoint by approximately 18–21% in these high-risk
groups compared to only 5–7% in those without. The absolute
risk reduction was ~ 3% in these high-risk groups compared to
only ~ 1% in lower risk groups suggesting these patients
should preferentially be considered for evolocumab.
Furthermore, the value of evolocumab may be improved if
its use is prioritized in these very high-risk patients.

Very Low LDL-C Levels

The question of “How low is too low?” for LDL-C levels has
been debated extensively. Participants in the FOURIER trial
achieved some of the lowest concentrations of LDL-C ever
achieved in a clinical trial, thus creating an opportunity to
examine the safety and efficacy of achieving very low LDL-
C levels [12•]. In this pre-specified subgroup analysis, study
participants were categorized into five subgroups based on the
LDL-C achieved at 4 weeks (% of total population): < 20 mg/
dL (10%), 20 to < 50 mg/dL (31%), 50 to < 70 mg/dL (13%),
70 to < 100 mg/dL (29%), and > 100 mg/dL (17%).
Additionally, a post hoc analysis was performed comparing
those with an LDL-C < 10 and < 15 mg/dL to those with an
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LDL-C > 100 mg/dL. Of note, 1025 patients were excluded
for either not having an LDL-C measurement at 4 weeks, a
primary endpoint or a safety event.

Decreasing achieved LDL-C levels at week 4 were associ-
ated with a significantly lower occurrence of the primary com-
posite efficacy endpoint [12•]. The absolute event rate of CV
death, MI, or stroke was lowest among those achieving an
LDL-C < 20 mg/dL compared to the group with an LDL-C
> 100 mg/dL (5.7% vs. 7.8%; HR, 0.69; 95% CI, 0.56–0.85;
P < 0.0001). From a safety perspective, there were no differ-
ences in drug discontinuation rates or serious adverse events
regardless of the achieved LDL-C at 4 weeks. Out of the 1839
subjects that achieved ultra-low LDL-C levels (< 15 mg/dL),
CVevents further declined without any major safety concerns.
This data supports the concept of “lower is better” for LDL-C
and very low levels can be achieved safely; however, it is
important to note these data are limited to only 2.2 years of
follow-up due to the pre-specified study stopping rules. An
open-label extension study (FOURIER-OLE, NCT03080938)
is currently ongoing in selected European countries to deter-
mine the safety of evolocumab over a 5-year follow-up period
[13].

Diabetes

It is well established that patients with diabetes are at high risk
for future ASCVD events [14••]. As expected, patients in the

placebo group with ASCVD and diabetes at baseline had a
significantly higher risk of CV morbidity and mortality, dem-
onstrated by a 4.1% absolute risk increase for the primary
endpoint (HR, 1.26; 95% CI, 1.13–1.40; P < 0.0001) com-
pared to those without diabetes. Likewise, patients with dia-
betes had a 3.8% absolute risk increase for the key secondary
endpoint (HR, 1.40; 95% CI, 1.23–1.60; P < 0.0001) com-
pared to those without diabetes [15]. A pre-specified post
hoc analysis was performed to determine the effect of
evolocumab on ASCVD events in patients with diabetes at
baseline (n = 11,031). For patients randomized to
evolocumab, reductions in LDL-Cwere similar between those
with (57%) and without (60%) diabetes. Likewise, similar
reductions in the primary and key secondary endpoints were
observed irrespective of diabetes status at baseline. Given
evolocumab has modest effects on other lipid parameters, it
seems most likely this was driven by the significant reduction
in LDL-C achieved with evolocumab.

In light of the established association between high-
intensity statins and increased risk of new-onset diabetes, a
pre-specified analysis was conducted to determine the effect
of evolocumab on glycemia and risk of new-onset diabetes in
patients without diabetes at baseline (n = 16,533) [14••, 15].
Of the patients without diabetes at baseline, 6189 had
normoglycemia versus 10,344 participants with pre-diabetes,
defined as HbA1c of 5.7–6.4% or fasting plasma glucose of
100–125 mg/dL. Furthermore, evolocumab did not increase

Table 1 Comparison of Study
Design and Baseline
Characteristics for FOURIER and
ODYSSEY

Characteristic FOURIER ODYSSEY

Population Stable ASCVD (n = 27,564) ACS with 1–12 months (n = 18,924)

Primary endpoint 5-point MACE

Cardiovascular death, MI, stroke,
hospitalization for unstable angina,
or coronary revascularization

4-point MACE

Death from coronary heart disease,
MI, stroke, or hospitalization
for unstable angina

Trial procedures Randomized 1:1 to either:

Evolocumab (either 140 mg
q2 weeks or 420 mg monthly)
or matching placebo

Randomized 1:1 to either:

Alirocumab 75 mg q2 weeks
(titrated to maintain LDL-C of 25
to 50 mg/dL)* or matching placebo

Follow-up, median (years) 2.2 2.8

Age, mean (years) 63 58

Female sex 25% 25%

Prior MI 81% 19%

Baseline LDL-C, median 92 mg/dL 87 mg/dL

Statin use

High intensity 69% 89%

Low or moderate intensity 31% 8%

Ezetimibe use 5% 3%

ASCVD atherosclerotic cardiovascular disease, LDL-C low-density lipoprotein cholesterol,MACEmajor adverse
cardiovascular events, MI myocardial infarction

*Alirocumab was held for sustained LDL-C levels below 15 mg/dL

References: N Engl J Med. 2017;376:1713–22; N Engl J Med. 2018;379(22):2097–2107
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the risk of new-onset diabetes in either patients without dia-
betes at baseline (HR, 1.05; 95% CI, 0.94–1.17) or patients
with pre-diabetes (HR, 1.00; 95% CI, 0.89–1.13). Glycemia
and adverse events rates were similar between the diabetes
groups, regardless of randomization. Based on these findings,
the use of evolocumab in patients with ASCVD is safe and
efficacious regardless of diabetes status.

Peripheral Artery Disease

Another very high risk, and often undertreated patient group
are those afflicted with peripheral artery disease (PAD) [14••].
This analysis evaluated patients from the FOURIER trial with
intermittent claudication and an ankle-brachial index (ABI) of
< 0.85 or with a prior peripheral vascular procedure at baseline
[16]. Approximately 13.2% of the study population had PAD
at baseline, and almost half were without a prior history of MI
or stroke. In addition to the trial’s primary and secondary
endpoints, this subgroup analysis also examined major ad-
verse limb events (MALE) defined as acute limb ischemia,
major amputation, or urgent peripheral revascularization for
ischemia. The absolute event rate for the primary endpoint
was 16.8% in the placebo group compared to 13.3% in the
evolocumab group (HR, 0.79; 95% CI, 0.66–0.94; P =
0.0098). The secondary composite endpoint of CV death,
MI, and stroke occurred in 13% of those receiving placebo
and 9.5% in those randomized to evolocumab (HR, 0.73; 95%
CI, 0.59–0.91; P = 0.0040). This suggests the absolute risk
reduction with evolocumab would be highest in a population
with higher event rates, such as those with PAD. Overall,
MALEs were reduced in all patients taking evolocumab, re-
gardless of PAD diagnosis at baseline. Additionally, a closely
linear relationship was observed between lower achieved
LDL-C levels, down to an LDL-C level of 10 mg/dL, and
reduced risk ofMALEs. This subgroup analysis demonstrated
that evolocumab reduced major adverse CVevents and risk of
MALEs in patients with a history of PAD.

Chronic Kidney Disease

Patients with chronic kidney disease (CKD) are at significant-
ly high risk of ASCVD, yet statin therapy has shown to be less
effective in this population especially those with end-stage
renal disease [13]. Although the FOURIER trial excluded pa-
tients with an estimated glomerular filtration rate (eGFR) <
30 mL/min), an analysis was conducted to determine if
evolocumab reduced ASCVD events in patients with stage 2
(eGFR 60–89 mL/min) (n = 15,034) or 3 (eGFR 30–59 mL/
min) CKD (n = 4443) [17]. As expected, overall rates of both
the primary and secondary endpoints were higher with wors-
ening CKD, especially stage 3, when compared to patients
with normal kidney function. In patients randomized to
evolocumab, reduction in the primary endpoint was preserved

across the stages of CKD (P = 0.77 for the interaction); how-
ever, reduction in the key secondary endpoint was more sig-
nificant among those with stage 3 CKD. Similar reductions in
LDL-C were observed regardless of baseline eGFR. No dif-
ferences in adverse event rates were observed including those
with an eGFR decline of > 30% from baseline. This data sug-
gest PCSK9 inhibition may be an effective strategy to reduce
ASCVD risk in the CKD population and supports further in-
vestigation in patients with stage 4/5 CKD.

Lipoprotein(a)

Lipoprotein(a) [Lp(a)] has been hypothesized to play a causal
role in advancing atherosclerosis; however, there are currently
no FDA-approved agents for the treatment of elevated Lp(a)
[18]. A meta-analysis of 27 randomized clinical trials demon-
strated alirocumab and evolocumab reduce Lp(a) levels by ~
20–30% [19]. A pre-specified and exploratory analysis of
FOURER was conducted to assess the relationship between
Lp(a), PCSK9 inhibition and major CVevents (coronary heart
disease (CHD) death, MI, and urgent revascularization) [20].

Baseline Lp(a) plasma concentrations were found to be
only weakly positively correlated with baseline LDL-C (r =
0.1) [20]. In the placebo arm, each doubling of Lp(a) baseline
concentration was associated with an 8% increase in major
CV events (HR, 1.08; 95% CI, 1.10–1.60). Subjects in the
highest quartile of Lp(a) (> 165 nmol/L) had a substantially
higher risk for major CV events (unadjusted HR, 1.33; 95%
CI, 1.10–1.6; P < 0.001; adjusted HR, 1.22; 95% CI, 1.01–
1.48; P = 0.004) as compared to the lowest quartile (≤
13 nmol/L). After 48 weeks of treatment with evolocumab,
Lp(a) levels were reduced by 26.9% (IQR, 6.2–46.7%) from
baseline. Those with the higher baseline concentrations tended
to have the largest absolute reduction in Lp(a) (P ≤ 0.001).
Individuals with baseline concentrations of Lp(a) at or below
the study population median were found to have a 7% reduc-
tion in major CV events (HR, 0.93; 95% CI, 0.80–1.08).
Those above the median were found to have a 23% reduction
in major CVevents (HR, 0.77; 95% CI, 0.67–0.88) compared
to those whose baseline Lp(a) was above the median (HR,
0.93; 95% CI, 0.80–1.08; P interaction = 0.07). These data
suggest that Lp(a) may be useful in identifying patients most
likely to benefit from evolocumab and support further clinical
trials exploring evolocumab as a potential therapeutic agent
for patients with elevated Lp(a).

ODYSSEY

Following FOURIER, the Occurrence of Cardiovascular
Events in Patients Who Have Recently Experienced an
Acute Coronary Syndrome (ODYSSEY) trial was published
in late 2018 [21••]. This randomized, double-blind, placebo-
controlled, multicenter, international clinical trial randomized
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18,924 patients to receive alirocumab (75 mg or 150 mg every
2 weeks) or matching placebo as subcutaneous injection for
48 months. Alirocumab was titrated remotely in a blinded
fashion to achieve target LDL-C concentrations between 25
and 50 mg/dL. Those having LDL-C levels below 15 mg/dL
for consecutive visits and having been titrated to the 75 mg
dose were transitioned to placebo. Eligible patients were re-
quired to be > 40 years of age and hospitalized with a recent
acute coronary syndrome (ACS) event, defined as MI or un-
stable angina, within 1–12 months prior to randomization.
Patients completed a 2- to 16-week run-in period on high-
intensity or maximal-tolerated statin therapy and were eligible
for study entry if the any of the following were met: LDL-C ≥
70 mg/dL, non-HDL-C ≥ 100 mg/dL, or apolipoprotein B ≥
80 mg/dL. The primary efficacy endpoint was a composite of
time to first occurrence of coronary heart disease death, major
nonfatal coronary event (MI or hospitalization for unstable
angina), or ischemic stroke.

Key baseline characteristics are summarized in Table 1.
The median time from ACS event to randomization was
2.6 months [21••]. Approximately 28% of the patients had a
previous history of diabetes. The baseline mean LDL-C was
87 mg/dL with 92.5% of patients qualifying on the basis of an
LDL-C ≥ 70 mg/dL. In the alirocumab group, 730 (7.7%)
patients required the per-protocol switch to placebo due to
low LDL-C. At 48 weeks, alirocumab reduced LDL-C levels
by 54.7% compared to placebo for an absolute reduction of
48.1 mg/dL. The primary composite endpoint occurred in
9.5% of patients in the alirocumab group and 11.1% of pa-
tients in the placebo group, resulting in a 15%RRR (HR, 0.85;
95% CI, 0.78–0.93; P = 0.0003) and NNT of 62. The second-
ary efficacy endpoints of nonfatal MI (6.6% vs. 7.6%; P =
0.006), stroke (1.2% vs. 1.6%; P = 0.01), and all-cause death
(3.5% vs. 4.1%; nominal P = 0.026) were also reduced in pa-
tients treated with alirocumab but there was no significant
difference in the incidence of CHD death (2.2% vs. 2.3%;
P = 0.38). There was no significant difference in adverse re-
actions between two groups, with the exception of injection
site reactions, which were more common with alirocumab
(3.8% vs. 2.1%).

A pre-specified subgroup analysis of all 18,924 patients
compared randomized treatments by a baseline LDL-C (<
80, 80–99, and ≥ 100 mg/dL) [21••]. Compared to placebo,
the reduction in the primary endpoint with alirocumab was
greatest (11.5% vs. 14.9%) in patients whose baseline LDL-
C was ≥ 100 mg/dL with a NNT in this group of 29. This was
also the case for the secondary endpoint of all-cause mortality
(4.1% vs. 5.7%). This suggests the absolute risk of the primary
endpoint in the placebo group was greatest in the category of
patients with baseline LDL-C ≥ 100mg/dL and suggests those
patients are more likely to benefit from alirocumab. Of note, in
FOUIRER the absolute benefit was 2.5% in the quartile with a
baseline LDL-C < 80 mg/dL compared to a 1.3% absolute

benefit in those in the quartile with a baseline LDL-C >
109 mg/dL [8••]. This suggests further reduction in LDL-C
in patients with relatively well-controlled levels of LDL-C
provides clinical benefit. Although different patient popula-
tions were studied, the observed differences in major CVout-
comes across baseline LDL-C groups may in part be ex-
plained by the different dosing schemes for each study.

In a higher risk population than FOURIER, the ODYSSEY
trial demonstrated that alirocumab also reduces ASCVD
events and may confer a mortality benefit, although this find-
ing did not meet the pre-specified two-sided level of signifi-
cance. Nevertheless, these data validate PCSK9 as a valuable
therapeutic target and ASCVD risk reduction is a class effect.
The FDA is currently reviewing an application to expand the
indication of alirocumab.

Place in Therapy

With clinical outcomes data available from both alirocumab
and evolocumab, many professional organizations have up-
dated their recommendations regarding the role of PCSK9
inhibitors in reducing ASCVD risk [14••, 21••, 22]. Most re-
cently, the 2018 Guideline on the Management of Blood
Cholesterol was released in November 2018 [14••]. This
guideline reserves PCSK9 inhibitors for the treatment of pa-
tients at the highest ASCVD risk. These patients include those
with multiple ASCVD events or one major ASCVD event and
multiple high-risk conditions (Table 2). These conditions in-
clude those aged >65 years, heterozygous FH, diabetes, hy-
pertension, CKD, current smoking, persistently elevated
LDL-C levels, and history of heart failure. The broad inclu-
sion of these traditional cardiovascular risk factors is not only
consistent with previous recommendations, but also more
clearly identifies those patients most likely to benefit from
more intensive treatment.

While the recommendations for the use of PCSK9 inhibi-
tors focus on secondary prevention, they also include primary
prevention patients with heterozygous familial hypercholes-
terolemia (HeFH) [14••]. The first step in these high-risk pa-
tients under 75 years of age is to maximize statin therapy and
reduce LDL-C levels by > 50% from baseline by assessing a
follow-up lipid profile 4 to 12 weeks after starting therapy.
Patients > 75 years of age may receive moderate- or high-
intensity statin depending on the potential for adverse effects.
Frail patients with a short-life expectancy (less than 3 to
5 years) may have limited benefit from intensive lipid-
lowering therapy. For the remainder of patients with an
LDL-C ≥ 70 mg/dL on a maximally tolerated statin, ezetimibe
should be added prior to considering a PCSK9 inhibitor. This
is supported by two simulation studies demonstrating that the
majority of patients will achieve an LDL-C < 70 mg/dL by
maximizing statin monotherapy or adding ezetimibe to statin
therapy [23, 24]. One simulation of patients from the Veterans
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Affairs system estimated an annual cost savings of over $1
billion if evolocumab was only initiated in patients on high-
intensity statin and ezetimibe and an LDL-C > 70 mg/dL [24].
The importance of improving adherence to statin therapy and
appropriate up-titration to a high-intensity statin before con-
sidering any non-statin therapy cannot be understated. In the
current clinical practice environment, the decision between
starting ezetimibe and a PCSK9 inhibitor is frequently a mat-
ter of insurance coverage, patient affordability, and patient
acceptance of subcutaneous administration.

The 2018 Cholesterol Guideline recommends clinicians
engage patients in discussions about the risks, benefits, and
costs of therapy [14••]. The cost-effectiveness of alirocumab
and evolocumab has been heavily criticized since their ap-
proval in 2015, which has led to significant access barriers.
The benchmark for “good value” is a ratio less than $50,000
per quality-adjusted life-year (QALY) [25]. Several analyses
identified cost-effectiveness ratios of $141,700 to $450,000
per QALY for both alirocumab and evolocumab based on an
average wholesale price of approximately $15,000 per year
[26, 27, 28•]. To improve these ratios, the pharmaceutical
industry has negotiated pricing and outcomes-based contracts
with select payers [29]. These contracts typically include the
promise of a refund for patients who have an ASCVD event
despite receiving PCSK9 inhibitor therapy. Recently,
Amgen® announced a 60% reduction in the list price for
evolocumab bringing it down to $5850 per year [30].
Despite this price change, an estimated additional 10 to 25%
reduction in PCSK9 inhibitor cost is needed to meet the ac-
cepted “good value” designation. An alternative strategy to
improve the cost-effectiveness ratio is to restrict PCSK9

inhibitor use for patients with persistently elevated LDL-C
levels from ≥ 70 mg/dL [14••]. Despite these challenges, in-
terprofessional practice models involving physicians, pharma-
cists, nurses, and others have been shown to increase access to
PCSK9 inhibitors and improve affordability for eligible pa-
tients [31]. Although academic manipulation of the cost-
effectiveness ratio holds nearly infinite combinations, the final
decision to initiate therapy should rest with the patients with
elevated risk who are empowered by clinicians providing pre-
scription access to these therapies.

Future Directions and Opportunities

Despite the significant advances in recent years, the full po-
tential of PCSK9 inhibition as a strategy to reduce ASCVD
risk is still in its infancy. While there is clear evidence dem-
onstrating alirocumab and evolocumab reduce ASCVD
events in patients with clinical ASCVD, there are additional
opportunities to expand the role of these agents.

Currently, the use of PCSK9 inhibitors for the primary
prevention of ASCVD is restricted only to those patients with
FH. It is yet to be determined whether early and aggressive
LDL-C lowering with proven therapies (e.g., PCSK9 inhibi-
tors) could prevent atherosclerosis in younger, at-risk patients
[32, 33]. In addition to the currently available monoclonal
antibodies, an annual vaccine and biannual subcutaneous in-
jection are in development, both of which would be more
convenient and likely improve medication persistence [5].
Inclisiran, a small interfering RNA that targets PCSK9
mRNA resulting in decreasing synthesis of PCSK9 in the
liver, seems to have the most promise at this time. After a

Table 2 Very high risk of future
ASCVD events Major ASCVD events High-risk conditions

• Recent ACS (within the past 12 months)

• History of MI (other than recent
ACS event listed above)

• History of ischemic stroke

• Symptomatic peripheral arterial disease

• History of claudication with ABI < 0.85

or

•Previous revascularization or amputation

• Age ≥ 65 years

• Heterozygous familial hypercholesterolemia

• History of prior CABG or PCI

• Diabetes mellitus

• Hypertension

• CKD (eGFR 15–59 mL/min/1.73 m2)

• Current smoking

• Persistently elevated LDL-C (LDL-C ≥ 100 mg/dL)

• Despite maximally tolerated statin
therapy and ezetimibe

• History of congestive heart failure

Very high risk, > 2 major ASCVD events OR 1 major ASCVD event AND multiple high-risk conditions

ABI indicates ankle-brachial index; ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular
disease; CABG, coronary artery bypass graft; CKD, chronic kidney disease; eGFR, estimated glomerular filtra-
tion rate; HF, heart failure; LDL, low-density lipoprotein cholesterol; MI, myocardial infarction; and PCI, percu-
taneous coronary intervention

Reference: Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. J Am Coll Cardiol.
2018; DOI: https://doi.org/10.1016/j.jacc.2018.11.003
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300-mg dose administered at day 1 and 90, then every
6 months, inclisiran reduced LDL-C levels up to 53% [34•].
This reduction in LDL-C is similar to that achieved with
alirocumab and evolocumab, which are administered every 2
to 4 weeks. An introduction of additional PCSK9-modulating
therapies into the market may increase competition, reduce
prices, and improve the value proposition of PCSK9 inhibi-
tors. Although this approach appears to have the most promise
to significantly reduce ASCVD risk, widespread adoption
may ultimately depend on changes in regulatory and public
health measures to become a reality.

Additionally, it is well acknowledged that 5–20% of patients
taking a statin will develop statin associated muscle symptoms
[14••]. This can lead to suboptimal statin intensity, and in some
cases, complete statin intolerance. Given ezetimibe provides only
a modest reduction in LDL-C, there is significant interest in
utilizing PCSK9 inhibitors in patients unable to tolerate the rec-
ommended statin intensity. Evolocumab was shown to be supe-
rior in LDL-C lowering and safety when compared to ezetimibe
in the GAUSS-3 study [35••]. While nearly 7% of patients ran-
domized to ezetimibe stopped for muscle symptoms, less than
1% of patients in the evolocumab group stopped for muscle
symptoms. Yet, it is unknown if PCSK9 inhibitors are an effec-
tive substitute for high-intensity statins [14••]. This warrants fur-
ther study given the high prevalence of suboptimal statin dosing
in high-risk patients due to statin associated muscle symptoms.

While it is well established that administering high-
intensity statin therapy in patients presenting with ACS im-
proves outcomes, it is unknown if PCSK9 inhibitors confer a
benefit during the acute MI phase [36]. Early initiation of a
PCSK9 inhibitor would provide a more rapid and significant
reduction in LDL-C beyond what is achievable with statin
therapy. In vitro studies have demonstrated that PCSK9 affects
other receptors, including LDL-R-related protein 1 (LRP-1), a
ligand that has been shown to decrease inflammation [5].
Furthermore, PCSK9 may also reduce the pro-inflammatory
signaling of oxLDL by reducing the CD36 receptor, a scav-
enger receptor involved in immunity and inflammation [5].
Thus, it seems plausible for PCSK9 inhibition to have favor-
able effects during the acute MI phase.

Two clinical trials are currently ongoing exploring the po-
tential role of PCSK9 inhibition during the acute MI phase.
Schulman and colleagues are conducting a double-blind, pla-
cebo-controlled, randomized trial (NCT03515304) enrolling
60 patients to receive a single 420-mg dose of evolocumab in
addition to standard care within 24 h of non-ST-elevation MI
(NSTEMI) [37]. The primary outcome is change in LDL-C
from baseline at day 30. Additionally, an imaging assessment
of vascular and myocardial inflammation will be conducted
using positron emission tomography (PET) scanning per-
formed at day 30. Abbate and colleagues are conducting a
similar trial (NCT02938949) of 20 patients presenting with
NSTEMI who will receive a single 150-mg dose of

alirocumab plus 80 mg of atorvastatin [38]. The primary out-
come of this trial is the change in LDL-C from baseline to day
14, while the secondary outcome is change in high-sensitivity
C-reactive protein from baseline to day 3 and day 14.

Conclusion

The PCSK9 inhibitors, alirocumab and evolocumab, provide
substantial reductions in LDL-C levels and reduce recurrent
ASCVD events in secondary prevention and post-ACS popu-
lations. Importantly, the safety profiles of alirocumab and
evolocumab are highly favorable, albeit studies with longer
follow-up are warranted to evaluate the safety of achieving
very low levels of LDL-C. Based on the available evidence
and limited value based on mid-2018 prices, PCSK9 inhibi-
tors should primarily be considered in high-risk patients with
established ASCVD, an LDL-C > 70 mg/dL on maximally
tolerated statin, and likely, ezetimibe. Further studies are need-
ed to evaluate the role of PCSK9 inhibitors in other patient
populations likely to benefit from additional LDL-C reduc-
tion. Although the cost-effectiveness of alirocumab and
evolocumab remains in flux, the data supporting their benefit
and safety is clear. Increased competition from other PCSK9
modulating therapies in the pipeline may improve the value of
these agents and more widespread use. Ultimately, PCSK9
inhibitors may yet achieve the lofty position as principle
agents for prevention of recurrent events in ASCVD patients.
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