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Abstract: An Expert Panel convened by the National Lipid Association was charged with updating the
recommendations on the use of proprotein convertase subtilisin/kexin type 9 (PCSK9) antibody therapy
that were provided by the 2015 National Lipid Association Recommendations for the Patient-Centered
Management of Dyslipidemia: Part 2. Recent studies have demonstrated the efficacy of these agents in
reducing low-density lipoprotein cholesterol and non–high-density lipoprotein cholesterol and have
confirmed their excellent safety profile. A cardiovascular outcomes study has shown that these agents
reduce incident atherosclerotic cardiovascular disease (ASCVD) events in patents with stable ASCVD
and concomitant risk factors. The current update provides the Expert Panel’s evidence-based recom-
mendations on the clinical utility of PCSK9 inhibitors in patients with stable ASCVD, progressive
ASCVD, LDL-C $ 190 mg/dL (including polygenic hypercholesterolemia, heterozygous familial hy-
percholesterolemia and the homozygous familial hypercholesterolemia phenotype) and very-high-risk
patients with statin intolerance.
� 2017 National Lipid Association. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Subcutaneously administered human monoclonal pro-
protein convertase subtilisin/kexin type 9 (PCSK9) anti-
body therapy reduces intrahepatic lysosomal degradation of
internalized low-density lipoprotein (LDL) receptors, re-
sulting in increased hepatic expression of LDL receptors
(LDLRs) and a reduced concentration of circulating LDL
cholesterol (LDL-C). The clinical use of these agents has
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been demonstrated to result in marked reduction in
circulating LDL-C when given as monotherapy, or as
additive therapy to statins, with or without concomitant
ezetimibe therapy. Along with other evidence, 2 major
PCSK9 inhibitor safety and efficacy studies published in
2015 were used to support the National Lipid Association’s
(NLA) Part 2 Recommendations on the use of PCSK9
inhibitors. Since that time, 1 study in 2016 evaluating
percent atheroma volume and plaque regression by intra-
vascular ultrasound and 1 cardiovascular disease outcomes
study in 2017 demonstrated that currently available PCSK9
inhibitors are safe, efficacious in lowering LDL-C, reduce
percent atheroma volume, induce plaque regression, and
reduce the incidence of adverse cardiovascular outcomes.
Additional studies have confirmed their safety and
efficacy in lowering atherogenic lipoproteins in patients
with LDL-C $ 190 mg/dL, a group with high or very
high atherosclerotic cardiovascular disease (ASCVD) risk.
Based on these results, the NLA now provides an update of
our recommendations for the clinical use of these
medications.

Methodology

A Writing Committee representing original authors of
the NLA Recommendations for the Patient-Centered Man-
agement of Dyslipidemia: Part 2 (C.E.O., T.A.J., J.L.R.,
and J.A.U.) and others in the leadership of the NLA was
assembled with the objective to update the organization’s
position on the clinical use of PCSK9 inhibitors. The article
was written with contributions from 3 authors (C.E.O.,
T.A.J., and J.J.S.) and a review for content and suggestions
for revision was provided by 4 authors (A.S.B., A.M.G.,
J.L.R., and J.A.U.). The completed article was then sub-
mitted to the NLA Board of Directors, which approved the
content of this update.

Grading of the strength of recommendations was made
in accordance with the grading system used in the NLA
Recommendations for the Patient-Centered Management of
Dyslipidemia: Part 2.1
The NLA 2015 recommendations for PCSK9
inhibitor therapy: The evidence base

In addition to available mechanistic data,2,3 the NLA
Recommendations for the Patient-Centered Management
of Dyslipidemia: Part 2 used 2 major safety and efficacy
studies to inform our advice on the early clinical use of
these agents. These studies are summarized below.

In 2015, a safety and efficacy trial of the PCSK9 inhibitor,
alirocumab (ODYSSEY LONG TERM), enrolled 2341 adult
subjects aged $18 years at high risk for cardiovascular
events based on the presence of heterozygous FH (HeFH),
established coronary heart disease (CHD), or coronary risk
equivalent states.4 A coronary risk equivalent state was
defined as peripheral arterial disease, ischemic stroke,
moderate chronic kidney disease (estimated glomerular
filtration rate, 30 to ,60 mL/min/1.73 m2 or diabetes melli-
tus plus 2 or more additional risk factors [hypertension;
ankle–brachial index of #0.90; microalbuminuria, macroal-
buminuria, or a urinary dipstick result of .21 protein; pre-
proliferative or proliferative retinopathy or laser treatment
for retinopathy, or a family history of premature CHD]).
These subjects had LDL-C levels $70 mg/dL and were
receiving statin therapies at the maximum-tolerated dose
associated with an acceptable side effect profile, with or
without additional lipid-lowering therapy. They were
randomly allocated to receive alirocumab 150 mg subcutane-
ously or placebo every 2 weeks by subcutaneous injection
for 78 weeks.

Subjects were a mean 60 years of age, 60% were male,
and 93% were self-identified as ‘‘White.’’ The mean body
mass index was slightly .30 kg/m2. Approximately, 18%
had HeFH using World Health Organization-Simon
Broome diagnostic criteria and or genotyping and 69%
had CHD. Coronary risk equivalent states were identified
in 41%, type II diabetes in 34%, and 21% were smokers.
99% were on statin therapy, 47% on 40 to 80 mg of
atorvastatin, 20 to 40 mg of rosuvastatin, or 80 mg of
simvastatin daily. Ezetimibe was taken by about 14%.
The median baseline LDL-C was 122 mg/dL.

The primary efficacy endpoint was the change in calcu-
lated LDL-C at week 24. Alirocumab therapy was associated
with amean reduction in LDL-C from122.86 42.7mg/dL to
48.3 6 0.9 mg/dL, least squares mean percentage reduction
from baseline 261.9 6 1.3, (95% confidence interval [CI],
264.3 to 259.4, P , .001), compared with placebo. In the
alirocumab group compared with placebo, there were more
injection site reactions (5.9 vs 4.2%), myalgia (5.4 vs
2.9%), neurocognitive events (1.2% vs 0.5%), and ophthal-
mologic events (2.9% vs 1.9%). A post-hoc analysis at
78 weeks showed a lower incidence of major cardiovascular
events (CHD death, nonfatal myocardial infarction (MI),
fatal or non-fatal ischemic stroke, or unstable angina
requiring hospitalization) 1.7% vs 3.3%, hazard ratio 0.52
(95% CI, 0.31–0.90; nominal P 5 .02).

A second safety and efficacy study simultaneously
published in 2015 reported the results of 2 extension
studies (OSLER-1 and OSLER-2) evaluating the PSCK9
inhibitor, evolocumab.5 A total of 4465 subjects who had
completed 1 of 12 phase 2 or 3 randomized trials were
enrolled and were randomly assigned in a 2:1 ratio to
receive either evolocumab, 140 mg every 2 weeks or
420 mg monthly plus standard therapy or standard therapy
alone. These subjects were followed for a median of
11.1 months for lipid levels, safety and adjudicated cardio-
vascular events, including death, MI, unstable angina, cor-
onary revascularization, stroke, transient ischemic attack,
and heart failure. The data from the 2 trials were then com-
bined and reported.

Subjects in this study had completed 1 of the parent
studies and were further selected because they did not have
an adverse event that led to discontinuation of the study drug
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during the parent trial, did not have an unstable medical
condition, and were not expected to need unblinded lipid
measurements or adjustment of background lipid therapy
during the first 12 weeks of participation in the parent trials.

Their mean age was 58 years and the subjects were
evenly divided between males and females, and approxi-
mately 86% were self-identified as ‘‘White.’’ Ethnic repre-
sentation included 47% North Americans, 40.5%
Europeans, and 12% from Asia Pacific or South African
descent. Examining cardiovascular risk factors, 52% were
hypertensive, 13% diabetic, about 34% had the metabolic
syndrome, 15% were current cigarette smokers, 24% had a
first-degree male relative with coronary artery disease at
age #65 years in a female or#55 years in a male, and 10%
had FH. Approximately 20% had established coronary
artery disease and 9% cerebrovascular or peripheral arterial
disease. As this patient population included some individ-
uals with statin intolerance, 70% were treated with any
statin, 27% high-intensity, and 35% moderate-intensity
statin. Approximately 14% were treated with ezetimibe.
The median baseline LDL-C level was 120 mg/dL.

Evolocumab, compared with standard therapy, was
associated with a 61% reduction in LDL-C, from a median
of 120 mg/dL to 48 mg/dL (P , .001). There was a 7.5%
incidence of serious adverse events reported in both the
evolocumab and placebo groups, resulting in discontinua-
tion of the study drug in 2.4% of subjects taking evolocu-
mab. Compared with those receiving standard care, 4.3%
of those receiving evolocumab had injection site reactions.
A greater percentage of subjects receiving evolocumab
experienced neurocognitive events, including delirium
and/or confusion, cognitive and attention disorders, demen-
tia and amnestic conditions, disturbances in thinking
and perception, and mental impairment disorders (0.9%
vs 0.3%), arthralgia (4.6% vs 3.2%), headache (3.6% vs
2.1%), limb pain (3.3% vs 2.1%), and fatigue (2.8% vs
1.0%). Neither transaminase elevations nor creatine kinase
elevations were reported more often in those taking evolo-
cumab. Using Kaplan–Meier estimates at 1 year,
Table 1 2015 NLA Part II recommendations for the use of PCSK9 in

1. Until cardiovascular outcomes trials are completed with PCSK9 inhib
with ASCVD who have LDL-C $ 100 mg/dL (non–HDL-C $130 mg/dL
(2) heterozygous hypercholesterolemia (FH) patients without ASCV
on maximally tolerated statin (6ezetimibe) therapy. Strength: B,

2. PCSK9 inhibitor use may be considered for selected high-risk patien
cholesterol levels below the specified values, but above their treat
Such use would be based on clinical judgment, weighing the pote
costs of therapy. Strength C, Quality: Low

3. PCSK9 inhibitor use may also be considered in selected high or very
(as previously defined by the NLA Statin Expert Panel) and who re
despite the use of other lipid-lowering therapies. Such use would
relative to the ASCVD event risk and the risks and costs of therapy

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholester

lipoprotein cholesterol; NLA, National Lipid Association; PCSK9, proprotein co
prospectively adjudicated cardiovascular events occurred
less frequently in those receiving evolocumab than in those
in the standard therapy group (0.95% vs 2.18%, respec-
tively; hazard ratio 0.47; 95% CI, 0.28–0.78; P 5 .003).

Based on these data, the 2015 recommendations on the
clinical use of PCSK9 inhibitors are shown in Table 1.
The 2017 NLA Expert Panel’s updated
recommendations on the use of PCSK9
inhibitors: The evidence base

The 2017 NLA Expert Panel Recommendations on
treatment with PCSK9 inhibitors build on the 2015 NLA
Part 2 Recommendations and are informed by new ran-
domized controlled trial (RCT) data showing that PCSK9
inhibitor monoclonal antibody therapy reduces atheroma
volume, induces atheroma regression, and most impor-
tantly, improves ASCVD outcomes on top of maximally-
tolerated statin therapy. Studies using FDA-approved
monoclonal antibodies to PCSK9 have demonstrated no
major safety issues and no evidence of declining LDL-C
lowering efficacy over time. Newer genetic, observational,
epidemiologic, and mechanistic studies have increased our
appreciation of the heterogeneity of the FH phenotype and
the natural history of the severe hypercholesterolemia
phenotype. These studies add to the evidence base that
supports the clinical value of additional LDL-C reduction
with PCSK9 inhibitor therapy. The new recommendations
of the NLA Expert Panel are based on the totality of the
cited evidence, supplemented with clinical judgment.

The new PCSK9 inhibitor therapy recommendations made
in this document apply to the following ASCVD risk and
disease categories: (1) stable ASCVD; (2) progressive
ASCVD; (3) LDL-C $ 190 mg/dL (including polygenic
hypercholesterolemia, heterozygous familial hypercholester-
olemia [FH] and the homozygous FH phenotype); and (4)
very-high-risk patients with statin intolerance. The key studies
informing these recommendations are summarized below.
hibitors

itors, these drugs should be considered primarily in (1) patients
) while on maximally tolerated statin (6ezetimibe) therapy; and
D who have LDL-C $130 mg/dL (non–HDL-C $160 mg/dL) while
Quality: Moderate
ts with ASCVD (eg, recurrent ASCVD events) who have atherogenic
ment goals (ie, LDL-C $ 70 mg/dL [non–HDL-C $100 mg/dL]).
ntial benefits relative to the ASCVD event risk and the risks and

-high-risk patients who meet the definition of statin intolerance
quire substantial additional atherogenic cholesterol lowering,
be based on clinical judgment, weighing the potential benefits
. Strength C, Quality: Low

olemia; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

nvertase subtilisin/kexin type 9.
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PCSK9 inhibitor therapy for patients with
stable ASCVD
Intravascular ultrasound trial

In 2016, a double-blind, placebo-controlled randomized
angiographic intravascular ultrasound trial (GLAGOV) was
conducted at 197 academic and community hospitals in
North and South America, Asia, Australia, and South
Africa.6 A total of 968 subjects were randomized to receive
monthly subcutaneous injections of evolocumab 420 mg or
placebo. The primary efficacy measure was nominal change
in percent atheroma volume from baseline to week 78, and
the secondary efficacy measures were the nominal change
in normalized total atheroma volume and percentage of pa-
tients showing plaque regression.

Subjects were aged $18 years and had to have at least 1
epicardial coronary artery with a stenosis of $20% on
clinically indicated coronary arteriography and had a target
vessel suitable for imaging with #50% visual obstruction.
Treatment with a stable statin dose for a minimum of
4 weeks and an LDL-C $80 mg/dL, or between 60 and
80 mg/dL with 1 major or 3 minor cardiovascular risk
factors were inclusion criteria. Major risk factors were
noncoronary atherosclerotic vascular disease, MI, or hos-
pitalization for unstable angina during the preceding 2 years
or type II diabetes. Minor risk factors were current cigarette
smoking, hypertension, low high-density lipoprotein
cholesterol (HDL-C) levels, a family history of premature
CHD, high-sensitivity C-reactive protein (hs-CRP) $2 mg/
L, age $50 years for men and $55 years for women.
Exclusion criteria included uncontrolled diabetes or hyper-
tension, heart failure, renal dysfunction, or liver disease.

Baseline characteristics included mean age 60 years, 72%
men, 94%White, bodymass index 29.4kg/m2, approximately
84% had hypertension, 39% had a previous percutaneous
intervention, 35% had a previous MI, 23% were smokers,
and 22% had diabetes. Approximately 60% were treated
with high-intensity statins and 38% with moderate-intensity
statins. Approximately 2% were treated with ezetimibe.

During the 76-week treatment period, the time weighted
mean LDL-C level was 93 mg/dL in the placebo group and
36.6 mg/dL in the evolocumab group (mean difference:
256.5 mg/dL [95% CI,259.7 to253.4, P, .001]). The pri-
mary efficacy measure, the percent atheroma volume,
decreased by 0.95% in the evolocumab group and did not
change in the placebo group (P , .001 compared with base-
line; between group difference 21.0% [95% CI, 21.8 to
20.64%]; P , .001). Total atheroma volume, the secondary
efficacy measure, did not change in the placebo group and
decreased by 5.8 mm3 in the evolocumab group (P , .001
compared with baseline, between group difference
24.9 mm3 [95%CI,27.3 to22.5]; P, .001). A greater per-
centage of evolocumab-treated subjects demonstrated percent
atheroma regression (64.3% vs 47.3%, P , .001) and total
atheroma volume regression (61.5% vs 48.9%, P , .001).
Of note, a post-hoc analysis demonstrated that percent
atheroma regression was observed in .80% of subjects
receiving evolocumab and with baseline LDL-C ,70 mg/
dL. Additional post-hoc analysis suggested that the benefit
may extend to levels of LDL-C as low as 20 mg/dL.

Cardiovascular outcomes study

The first large cardiovascular outcome study using
PCSK9 inhibitor therapy was published online in March
2017. Further Cardiovascular Outcomes Research with
PCSK9 Inhibition in Subjects with Elevated Risk (FOUR-
IER) was a randomized, double-blind placebo-controlled
trial of 27,564 subjects with ASCVD and LDL-C levels
$70 mg/dL while on maximally tolerated statin therapy.7

The subjects were randomly assigned to receive subcutane-
ously administered evolocumab (either 140mgevery2weeks
or 420 mg monthly) or matching placebo. The primary
endpoint of the study was the composite of cardiovascular
death, MI, stroke, hospitalization for unstable angina, or cor-
onary revascularization. The key secondary endpoint was the
composite of cardiovascular death, MI, or stroke. Subjects
were followed up for a median duration of 2.2 years.

Entry criteria included diagnosis of MI or nonhemor-
rhagic stroke or symptomatic peripheral arterial disease
(PAD) as evidenced by intermittent claudication with ankle
brachial index ,0.85 or peripheral arterial revasculariza-
tion procedure or amputation due to atherosclerotic disease.
In addition, subjects had to have at least 1 major risk factor
or at least 2 minor risk factors as listed below. Major risk
factors included diabetes (type I or type II); age $65 years
at randomization (and #85 years at the time of informed
consent); MI or nonhemorrhagic stroke within 6 months of
screening; additional diagnosis or MI or nonhemorrhagic
stroke excluding qualifying MI or nonhemorrhagic stroke;
current daily cigarette smoking; or history of symptomatic
PAD if eligible by MI or stroke history. Minor risk factors
include history of non–MI-related coronary revasculariza-
tion, residual coronary artery disease with $40% stenosis
in $2 large vessels, most recent HDL-C ,40 mg/dL for
men and ,50 mg/dL in women; most recent hs-CRP
.2.0 mg/L; most recent LDL-C $130 mg/dL or non-HDL-
C $160 mg/dL before randomization; or the presence of
the metabolic syndrome. In addition, all participants had to
have their most recent fasting LDL-C $70 mg/dL or non–
HDL-C$100 mg/dL, after 2 weeks of stable lipid-lowering
therapy; and their most recent fasting triglycerides
#400 mg/dL before randomization.

The mean age of the subjects was 63 years, 75% were
male, and 85% White. Geographical representation
included 62.9% from Europe, 16.6% from North America,
13.0% from Asia Pacific and South Africa, and 6.6% from
Latin America. Atherosclerotic manifestations included MI
in 81% (with a median time from the most recent MI
3.4 years [interquartile range, 1–7.4 years]). Approximately
19% had suffered a nonhemorrhagic stroke (with a median
time from the most recent stroke 3.2 years [interquartile



884 Journal of Clinical Lipidology, Vol 11, No 4, August 2017
range, 1.1–7.1 years]). Approximately 13% had PAD.
Regarding ASCVD risk factors, 80% had arterial hyper-
tension, 37% were diabetic, and 28% were current cigarette
smokers. At baseline, high-intensity statin use was reported
in 69.5% moderate-intensity statin use in 30.2% and low-
intensity statin use in 0.3%. Ezetimibe therapy was added
to statin therapy in 5.3% of subjects.

At 48 weeks, the least squares mean percentage
reduction in LDL-C in those receiving evolocumab,
compared with placebo, was 59%, from a median baseline
of 92 mg/dL to 30 mg/dL (P , .001). Relative to placebo,
evolocumab significantly reduced the risk of the primary
endpoint (1344 subjects [9.8%] vs 1563 subjects [11.3%];
hazard ratio 0.85; 95% CI, 0.79–0.92; P , .001) and the
key secondary endpoint (816 [5.9%] vs 1013 [7.4%]; haz-
ard ratio 0.80; 95% CI, 0.73–0.88; P , .001), with consis-
tent results across key subgroups, including those with the
lowest baseline LDL-C (median, 74 mg/dL). Injection site
reactions were more common in those receiving evolocu-
mab (2.1% vs 1.6%) than placebo.

In FOURIER, there was a 1.5% absolute risk reduction
in both the primary and key secondary endpoints at
48 weeks, translating into a number needed to treat
(NNT) to prevent 1 event of 67 over 2 years. The authors
noted that the magnitude of risk reduction increased over
time from 12% (95% CI, 3–20) in the first year to 19%
(95% CI, 11–27) beyond the first year. However, evolocu-
mab had no effect on total mortality (hazard ratio 1.04;
95% CI, 0.91–1.19; P 5 .54) or cardiovascular mortality
(hazard ratio 1.05; 95% CI, 0.88–1.25; P 5 .62).

Safety of PCSK9 inhibitor therapy

In FOURIER and other PCSK9 inhibitor trials, the
addition of PCSK9 inhibitors to statin-based therapy is not
associated with an increased likelihood of major adverse
events, including new-onset diabetes and neurocognitive
events. A sub-study of the FOURIER trial, Evaluating
PCSK9 Binding Antibody Influence on Cognitive Health
in High Cardiovascular Risk Subjects (EBBINGHAUS)
examined cognitive function in 1974 subjects using a
validated cognitive instrument. There was no significant
difference in cognitive function between evolocumab and
placebo after a mean of 19 months, regardless of the LDL-
C level achieved.8

Use of evolocumab or alirocumab is associated with a
higher incidence of injection site reactions. An increased
risk of cataracts has been noted in pooled alirocumab
studies in patients with post-treatment LDL-C levels
,25 mg/dL.9 However, no difference in cataract incidence
was noted when comparing alirocumab with control
groups. The increased incidence of cataracts in those with
low LDL-C may be due to confounding. In FOURIER,
there was no increased risk of cataracts with evolocumab,
but the data were not broken down by posttreatment
LDL-C levels.7 Longer-term analyses are currently ongoing
to confirm safety findings. Collectively, these data should
address concerns about the safety of very low LDL-C levels
in patients PCSK9 inhibitors.
Summary of new recommendation for PCSK9
inhibitors for patients with stable ASCVD

Results from the previously mentioned studies indicate
that therapy with PCSK9 inhibitors effectively and safely
lowers LDL-C in subjects taking statins and that evolocu-
mab, compared with placebo, reduces atheroma volume,
induces atheroma regression, and reduces the incidence of
ASCVD events. These data support the recommendation that
PCSK9 inhibitor therapy should be considered for ASCVD
risk reduction in patients with stable ASCVD, especially in
the presence of additional risk factors.

Recommendation 1: PCSK9 inhibitor therapy should be
considered for ASCVD risk reduction in patients with
stable ASCVD, particularly in those with additional
ASCVD risk factors, on maximally-tolerated statin
therapy ± ezetimibe, with on-treatment LDL-C $70 mg/
dLornon–HDL-C$100mg/dL.StrengthA,Quality:High.
Summary of new recommendation for PCSK9
inhibitors for patients with progressive
ASCVD

The presence of progressive ASCVD was not an entry
criterion in FOURIER, although some patients had an
additional diagnosis of MI or nonhemorrhagic stroke
excluding the qualifying MI or nonhemorrhagic stroke.7

Such patient are more likely to have uncontrolled risk fac-
tors, and in some cases, additional genetic influences that
predispose them to ASCVD disease progression. Thus,
the Panel felt that the application of similar recommenda-
tions, but with a lower level of evidence, was reasonable
for those with progressive ASCVD.

Recommendation 2: PCSK9 inhibitor therapy may
be considered to further reduce LDL-C in patients
with progressive ASCVD on maximally-tolerated statin
therapy ± ezetimibe, and on-treatment LDL-C $70 mg/
dL or non–HDL-C $100 mg/dL. Strength B, Quality:
Moderate.
PCSK9 inhibitor therapy for patients with
LDL-C $ 190 mg/dL, including polygenic
hypercholesterolemia, heterozygous FH and
the homozygous FH phenotype.

Polygenic hypercholesterolemia and HeFH

PCSK9 inhibitors have US Food and Drug Administra-
tion approval for treatment of patients with FH as adjuncts
to diet and maximally-tolerated statin therapy for those who
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require additional LDL-C lowering. Because there is no
universally recognized definition of FH, clinicians often
confront the issue of trying to determine which patients
among those with LDL-C $ 190 mg/dL should be
considered for additive therapies to statins.

The prevalence of severe hypercholesterolemia, defined
as LDL-C $ 190 mg/dL, is estimated to be approximately
7% in the U.S. population.10 The great majority of these pa-
tients have polygenic hypercholesterolemia, contributed to
by atherogenic diets and multiple less well-defined genetic
factors. FH is far less common than the polygenic disorder,
estimated in US and European population cohort gene
sequencing studies to represent only 1.7% of those with
LDL-C $190 mg/dL.10 The prevalence of pathogenic mu-
tations in LDLR, APOB, and PCSK9 can be determined in
those countries using genetic screening from birth, but
these data cannot be readily applied to the US population
where such screening is not done. The issue is further
complicated, in the absence of universal FH genetic testing,
by the overlap in the LDL-C values between polygenic hy-
percholesterolemia and FH and by only moderately
elevated LDL-C levels in some patients with pathogenic
FH-causing mutations related to incomplete genetic pene-
trance or the presence of competing LDL-C lowering
polymorphisms.11

Regardless of whether the finding of an LDL-C $ 190
mg/dL is due to a defined mutation, the long-term risk for
ASCVD in these patients is high. Pooled data from 6 large
US epidemiologic studies of individuals at index ages 20 to
79 years demonstrated increased ASCVD risk for those
with LDL-C $190 mg/dL compared with those with LDL-
C ,130 (hazard ratio 5.0 for CHD and 4.1 for ASCVD),
resulting in an accelerated risk for CHD of 10 to 20 years in
men and 20 to 30 years in women.12 The prognostic value
of adding genetic information was demonstrated in a gene
sequencing study done in 26,025 participants from 7 case
control and 5 prospective cohort studies. This study showed
that those with an LDL-C$190 mg/dL and no FH mutation
had a 6-fold higher odds for CAD (hazard ratio 6.0; 95%
CI, 5.2–6.9), whereas those with defined mutations of
LDLR, APOB, and PCSK9 had a 22-fold higher odds (haz-
ard ratio 22.3; 95% CI, 10.7–53.2) compared with CAD-
free controls.10 The 10-year risk of ASCVD in genetic
FH also depends on the age at which time the diagnosis
is made. The risk is estimated to be about 30% in those be-
tween the ages or 40 and 80 years, but ,10% in those ,40
years of age.13

Statin therapy reduces ASCVD risk in those with
LDL-C $ 190 mg/dL, likely related to a reduction in
circulating atherogenic lipoproteins. The impact of statin
treatment on primary ASCVD prevention in Dutch patients
was examined in an FH screening program between 1994
and 2013.14 The identified patients were age $18 years,
who were genetically determined carriers of deleterious
mutations associated with HeFH. Hospital, pharmacy, and
mortality records between 1995 and 2015 were examined.
The primary outcome was the composite of MI, coronary
revascularization, and death from any cause. The time-
varying effect of statins was examined using a Cox propor-
tional hazard model, correcting for the use of other lipid
medication, thrombocyte aggregation inhibitors, and anti-
hypertensive and anti-diabetic medication. The 2 most
commonly prescribed statins in this cohort were simva-
statin 40 mg daily (23.1%) and atorvastatin 40 mg daily
(22.8%). Statin users (n 5 1041) had 89 CAD events and
17 deaths during 11,674 person-years of follow-up vs statin
never-users (n 5 518), who had 22 CAD events and 9
deaths during 4892 person-years (combined rates 8.8 vs
5.3 per 1000 person-years, respectively; P , .001). After
using inverse probability of treatment weighting and adjust-
ing for other medication intake, the hazard ratio for CAD
and all-cause mortality was 0.56 in those receiving statins
(95% CI, 0.33–0.96).

The ASCVD risk reduction benefit of statins in patients
with established ASCVD has been widely recognized and
is the basis for recommending statin therapy in such
patients in multiple guideline documents. Despite statin
therapy, there is evidence that statin-treated patients with
clinically-defined FH have a greater likelihood of recur-
rent CHD events after MI than do their family members
without FH. A multicenter, prospective cohort study15 was
done of 4534 Swiss patients who had initially been
screened for FH based on 3 different definitions and
who had acute coronary syndromes. The study used Cox
proportional models to assess 1-year risk of first recurrent
coronary death or MI with multivariable adjustment. De-
pending on which FH definition was used, between
94.5% and 99.1% of patients who had initially been
screened for FH based on 3 different definitions with FH
were discharged on statins, with 74.0% to 82.3% on
high-intensity statins. Despite such treatment, the mean
achieved LDL-C was 119 mg/dL, only 49.1% achieved
an LDL-C # 100 mg/dL and 8.8% an LDL-C #70 mg/
dL. At 1-year follow-up, 153 patients (3.4%) died, 104
of fatal MI. A total of 113 patients (2.5%) had a non-
fatal MI. After multivariable analysis that included age,
the risk of recurrent coronary events was greater in those
with FH compared with those without, with an adjusted
hazard ratio of 2.46 (95% CI, 1.07–5.65; P 5 .034) using
the American Heart Association definition, 2.73 (95% CI,
1.46–5.65; P 5 .034) using the Simon-Broome definition
and 3.53 (95% CI, 1.26–9.94; P 5 .017) using the Dutch
Lipid Clinic definition.

A recent study analyzed systematic reviews of subgroup
analyses from randomized trials and observational studies
of statin-treated patients to help to identify high- and very-
high-risk patients who might benefit from the addition of a
nonstatin to maximally tolerated statin therapy.13 Relative
risk reduction for the addition of a nonstatin to lower
LDL-C was used to determine the NNT to prevent 1
ASCVD event over 5 years for each patient group. Adding
a PCSK9 inhibitor to lower LDL-C by an additional incre-
ment of $50% was estimated to provide a NNT #50 for
very-high-risk ($30% 10-year ASCVD risk) and
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high-risk patients (20%–29% 10-year ASCVD risk,
including those with HeFH without additional risk factors)
with an LDL-C $70 mg/dL, and an NNT #30 for very-
high-risk or high-risk patients with LDL-C $130 mg/dL.
The accuracy of these estimates as demonstrated in long-
term outcomes studies of PCSK9 inhibitors remains to be
determined.

Although no ASCVD outcomes data are currently
available in statin-treated patients with LDL-C $ 190
mg/dL who receive PCSK9 inhibitors, both alirocumab16

and evolocumab17 have been demonstrated to safely and
effectively provide significant additional LDL-C reduc-
tion in such patients, and alirocumab has been shown to
reduce the frequency of required LDL apheresis treat-
ments in patients with severe HeFH.18 Another PCSK9
inhibitor, bococizumab, effectively lowered LDL-C and
reduced ASCVD events in a mixed secondary and pri-
mary prevention cohort with a baseline LDL-C
$100 mg/dL. However, bococizumab is a humanized
monoclonal antibody, which is different than alirocumab
and evolocumab, which are fully human monoclonal an-
tibodies. The bococizumab drug development program
was terminated by the manufacturer, at least in part
because of more injection site reactions, and the develop-
ment of anti-drug antibodies and reduced LDL-C
lowering efficacy over time.19

Regardless of genetic factors that may impact prognosis
in these patients or pharmacologic therapies used, guideline
documents and consensus statements have recognized the
importance of addressing nonlipid risk factors to further
reduce ASCVD risk.11 The presence of key additional
markers of increased risk, including uncontrolled ASCVD
risk factors, a family history of premature ASCVD,
elevated Lp(a), elevated hs-CRP concentration, the pres-
ence of coronary calcium or CKD may identify particularly
high-risk individuals who merit more aggressive prevention
strategies.

Based on the previous data, the Expert Panel advised
consideration of PCSK9 inhibitor therapy in those with
LDL-C $ 190 mg/dL and advised different cut-points for
treatment intensity in accordance with the presence of
concomitant ASCVD risk factors, key additional ASCVD
risk markers, or genetic confirmation of FH.

Recommendation 3a: PCSK9 inhibitor therapy may
be considered to further reduce LDL-C in patients aged
40 to 79 years with LDL-C$ 190mg/dL, no uncontrolled
ASCVD risk factors, or other key additional-high risk
markers, and on-treatment LDL-C $100 mg/dL or
non–HDL-C $130 mg/dL on maximally-tolerated statin
therapy ± ezetimibe. Strength B, Quality: Moderate.

Recommendation 3b: PCSK9 inhibitor therapy may
be considered to further reduce LDL-C in patients aged
40 to 79 yearswithLDL-C$ 190mg/dL, and the presence
of either uncontrolled ASCVD risk factors, key addi-
tional high-risk markers, or genetic confirmation of FH,
and on-treatment LDL-C $70 mg/dL or non–HDL-C
$100 mg/dL on maximally-tolerated statin ± ezetimibe.
Strength: B, Quality: Moderate.

The optimal management of LDL-C $ 190 mg/dL in
patients aged 18 to 39 years taking maximally-tolerated
statin 6 ezetimibe remains unclear. Although their short-
term risk of an ASCVD event is low, their long-term risk
places them at high to very-high risk, especially those with
defined pathogenic genetic mutations of LDLR, APOB, or
PCSK9 and/or poorly controlled ASCVD risk factors or
other key additional high-risk markers. Although patients in
this age range have been enrolled in safety and efficacy
studies of PCSK9 inhibitors, there are no currently avail-
able age-specific outcomes data. In addition, the potential
harms of long-term PCSK9 inhibitor therapy begun in
patients in this age group are unknown. With these
limitations in mind, the consensus of the authors of this
update is that consideration of PCSK9 therapy in this group
is reasonable, given the available safety and efficacy data in
other patient groups.

Recommendation 3c: PCSK9 inhibitor therapy may
be considered to further reduce LDL-C in patients
aged 18 to 39 years with LDL-C $ 190 mg/dL and the
presence of either uncontrolled ASCVD risk factors,
key additional high-risk markers or genetic confirma-
tion of FH and on-treatment LDL-C $100 mg/dL or
non–HDL-C $ 130 mg/dL on maximally-tolerated
statin ± ezetimibe. Strength: E, Quality: Low.

Homozygous FH phenotype

The 2015 NLA Part 2 Recommendations for the Patient-
Centered Management of Dyslipidemia: Part 2 did not
address the use of PCSK9 inhibitors in patients with
homozygous FH (HoFH). The potential value of evolocu-
mab in HoFH was assessed in a randomized double-blind
phase 3 clinical trial performed at 17 sites in 10 countries in
North America, Europe, the Middle East and South Africa
in which patients, aged $ 12 years on stable lipid-lowering
therapy for at least 4 weeks and not undergoing lipoprotein
apheresis, were randomly allocated in a 2:1 ratio to receive
subcutaneous evolocumab 420 mg or placebo every 4 weeks
for 12 weeks.20 The diagnosis of HoFH was made either by
genetic analysis or by clinical criteria (history of untreated
LDL-C .500 mg/dL plus either xanthomas before age
10 years or the presence of HeFH in both parents). All pa-
tients underwent genetic analysis as part of the protocol and
92% had deleterious mutations in LDLR, 4% APOB muta-
tions and 1% had autosomal recessive hypercholesterole-
mia. The primary endpoint was percent change from
baseline in LDL-C by ultracentrifugation at week 12
compared with placebo, analyzed by intention to treat.
The sample used for analysis was taken 4 weeks after the
last dose of the medication was given. A total of 49 patients
received the study drug and completed the study (16 in the
placebo group and 33 in the evolocumab group). Compared
with those receiving placebo, evolocumab significantly
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reduced LDL-C at 12 weeks by 30.9% (95% CI,243.9% to
218.0%, P , .0001). Of note is that both the patient who
was LDLR negative and the patient who had autosomal
recessive hypercholesterolemia did not respond to evolocu-
mab; LDL-C increased slightly in both patients. There were
no serious clinical or laboratory adverse events and no anti-
evolocumab antibody development was identified during
the study. The US Food and Drug Administration approved
the use of evolocumab for patients with HoFH in
August 2015.

The very-high risk of premature ASCVD in patients
with phenotypic HoFH is well-recognized. Because of their
life-long exposure to high concentrations of LDL-C, every
effort must be made to initiate effective LDL-C lowering
treatments, beginning at a young age. Because of the
presence of defective or absent LDLRs in the great majority
of these patients, the use of even high-intensity statins is
often associated with only a 10% to 25% reduction in LDL-
C.11 Although other agents such as mipomersen and lomi-
tapide have been approved for treatment of patients with
HoFH, the use of these agents is associated with significant
side effects. The manufacturers of both drugs were required
by the US Food and Drug Administration to submit a Risk
Evaluation and Mitigation Strategy to demonstrate that the
benefits of these drugs outweigh the risks.

Based on this information, the previously mentioned
study, and the safety data on PCSK9 inhibitor therapy, the
Expert Panel advised consideration of PCSK9 inhibitor
therapy in HoFH patients of either unknown genotype, or
those known to be LDLR defective. LDL-C treatment goals
for patients with HoFH are controversial, but European
guidelines have suggested goals of ,100 mg/dL in adults
in the absence of clinical ASCVD and ,70 mg/dL in those
with ASCVD.21 Although such goals are extremely difficult
to achieve, a sequential strategy of maximally tolerated
statin, ezetimibe, and PCSK9 inhibitor therapy before
consideration of lomitapide, mipomersen, and LDL apher-
esis is reasonable.

Recommendation 3d: PCSK9 inhibitor therapy may
be considered to further reduce LDL-C in patients with
HoFH, either of unknown genotype, or those known to
be LDLR defective, on maximally-tolerated statin
therapy ± ezetimibe with LDL-C $70 mg/dL or non–
HDL-C $100 mg/dL. Strength B, Quality: Moderate.
Summary of new recommendations for
PCSK9 inhibitors for patients with
LDL-C $ 190 mg/dL

Results from the previously mentioned studies indicate
that PCSK9 inhibitors safely and effectively lower LDL-C in
patients with LDL-C$ 190 mg/dL in those taking evidence-
based statin 6 ezetimibe therapy. Such therapy is most
effective in those with polygenic and HeFH, less effective in
those with receptor-defective HoFH, and apparently
ineffective in LDLR-negative HoFH patients. Those with
polygenic hypercholesterolemia or HeFH, in the absence of
poorly controlled ASCVD risk factors or key high-risk
markers, may be considered for PCSK9 inhibitor therapy
when their on-treatment LDL-C is $100 mg/dL, or non–
HDL-C $130 mg/dL. Those polygenic patients with mul-
tiple risk factors and key high-risk markers, or HeFH
patients with genetic confirmation of deleterious FH-
related mutations or additional poorly controlled ASCVD
risk factors, especially in the 40- to 80-year-old age group,
are at very-high risk for ASCVD events and should be
considered for treatment with PCSK9 inhibitors when their
on treatment LDL-C is $70 mg/dL or non–HDL-C
$100 mg/dL. The Expert Panel also recommended for those
patients aged 18 to 39 years with LDL-C $ 190 mg/dL,
especially in the presence of confirmed deleterious FH
mutations, poorly controlled ASCVD risk factors or other
key additional high-risk markers, consideration of treatment
with PCSK9 inhibitor therapy when their LDL-C is
$100 mg/dL or non–HDL-C $130 mg/dL. HoFH patients
who are known to be receptor defective should be considered
for therapy with evolocumab for additional LDL-C lowering.
It is reasonable to consider the use of this agent before the
use of lomitapide or mipomersen because of relative
equivalency of LDL-C lowering and lower potential for
adverse side effects. In those who do not respond adequately
to pharmacotherapy, LDL apheresis is a therapeutic option.
Recommendations for PCSK9 inhibitors for
very-high-risk patients with statin
intolerance

The optimal approach to lipid management of the statin-
intolerant patient with ASCVD remains controversial
because there is no universally accepted definition of statin
intolerance and because RCTs have not demonstrated a
statistically significantly higher risk of statin-related muscle
side effects compared with those on placebo. Confirmation
of the existence of statin intolerance, in at least some
patients, was provided in an RCT evaluating the efficacy
and tolerability of evolocumab vs ezetimibe in patients with
muscle-related statin intolerance (Goal Achievement after
Utilizing an anti-PSCK9 antibody in Statin-intolerant Sub-
jects).22 These patients had persistently elevated LDL-C
levels and a history of intolerance to 2 or more statins. Dur-
ing the first phase of the study, 491 subjects received ator-
vastatin 20 mg daily or placebo, with subsequent crossover
to the other treatment group. After a 2-week washout
period, they entered the second phase of the study, in which
they were randomized to receive ezetimibe or evolocumab
for 24 weeks. During the initial phase, 26.5% of patients
had muscle side effects on placebo, but not atorvastatin
and 42.6% had muscle side effects on atorvastatin and
not placebo. The diagnosis of statin-related muscle
side-effects was confirmed, at least in those patients with



Table 2 2017 Recommendations of the NLA Expert Panel on treatment with PCSK9 inhibitors

ASCVD
1. PCSK9 inhibitor therapy should be considered for ASCVD risk reduction in patients with stable atherosclerotic cardiovascular disease,

particularly in those with additional ASCVD risk factors, on maximally-tolerated statin therapy6 ezetimibe, with on-treatment LDL-C
$70 mg/dL or non–HDL-C $100 mg/dL. Strength A, Quality: High

2. PCSK9 inhibitor therapy may be considered to further reduce LDL-C in patients with progressive atherosclerotic cardiovascular
disease on maximally-tolerated statin therapy 6 ezetimibe, and on-treatment LDL-C $70 mg/dL or non–HDL-C $100 mg/dL.
Strength B, Quality: Moderate

LDL-C $ 190 mg/dL (including polygenic hypercholesterolemia, heterozygous FH and the homozygous FH phenotype)
3a PCSK9 inhibitor therapy may be considered to further reduce LDL-C in patients ages 40 to 79 years with pre-treatment LDL-C $ 190

mg/dL, no uncontrolled ASCVD risk factors, or other key additional high-risk markers*, and on-treatment LDL-C$100 mg/dL or non–
HDL-C $130 mg/dL on maximally-tolerated statin therapy 6 ezetimibe. Strength B, Quality: Moderate

3b PCSK9 inhibitor therapy may be considered to further reduce LDL-C in patients aged 40 to 79 years with pre-treatment LDL-C $ 190
mg/dL, and the presence of either uncontrolled ASCVD risk factors, key additional high-risk markers*, or genetic confirmation of FH,
and on-treatment LDL-C $70 mg/dL or non–HDL-C $100 mg/dL on maximally-tolerated statin 6 ezetimibe. Strength: B, Quality:
Moderate

3c PCSK9 inhibitor therapy may be considered to further reduce LDL-C in patients aged 18 to 39 years with pre-treatment LDL-C $ 190
mg/dL, and the presence of either uncontrolled ASCVD risk factors, key additional high-risk markers*, or genetic confirmation of FH,
and on-treatment LDL-C $100 mg/dL or non–HDL-C $130 mg/dL on maximally-tolerated statin 6 ezetimibe. Strength: E, Quality:
Low

3d PCSK9 inhibitor therapy may be considered to further reduce LDL-C in patients with homozygous familial hypercholesterolemia,
either of unknown genotype, or those known to be LDL receptor defective, on maximally-tolerated statin therapy 6 ezetimibe with
LDL-C $70 mg/dL or non–HDL-C $100 mg/dL. Strength B, Quality: Moderate

Very-high-risk/statin intolerance
4. PCSK9 inhibitor therapy may be considered to further reduce LDL-C in selected very-high-risk patients who meet the definition of

statin intolerance (as previously defined by the NLA Statin Expert Panel) and who require substantial additional atherogenic
cholesterol lowering, despite the use of other lipid-lowering therapies. Strength C, Quality: Low

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol; NLA, National Lipid Association; PCSK9, proprotein convertase subtilisin/kexin type 9.

*Including history of uncontrolled high blood pressure, diabetes, current cigarette smoking, or family history of premature ASCVD; or additional high-

risk markers (coronary calcium $300 Agatston units [or $75th percentile for the patient’s age, gender, and ethnicity]; Lp(a) $ 50 mg/dL using an iso-

form insensitive assay, hs-CRP $ 2 mg/L or CKD including albumin/creatinine ratio $ 30 mg/g).

Note: All patients considered for PCSK9 therapy should have updated screening for secondary causes of hypercholesterolemia, particularly

hypothyroidism, nephrotic syndrome, obstructive liver disease and drug therapy.
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previous intolerance to 2 statins and recurrent muscle-
related side effects on atorvastatin rechallenge.

Statin intolerance in individuals with a history of
ASCVD is a therapeutic challenge to the clinician. A
retrospective cohort study used data from all Medicare
beneficiaries hospitalized for MI between January 1, 2007
and December 31, 2013.23 The analysis was restricted to in-
dividuals aged $66 and #110 years with an overnight hos-
pitalization for MI and a stay #30 days. These patients
were not taking lipid-lowering medication prior their MI
and had an index prescription filled for a high- or
moderate-intensity statin within 30 days of discharge.
Statin intolerance was defined using several criteria: (1)
down-titrating of statins and initiation of ezetimibe therapy;
(2) switching from statins to ezetimibe monotherapy; (3)
having International Classification of Diseases, Ninth revi-
sion, diagnostic codes for rhabdomyolysis or an anti-
hyperlipidemic drug adverse event followed by statin
down-titration or discontinuation, or switching among $3
statins within 1 year of initiation. High-statin adherence
was defined in the year after discharge as proportion of
days covered $80%. The incidence of recurrent MI,
CHD events (recurrent MI or coronary revascularization),
and mortality were examined from 1 year after hospital
discharge through December 2014.

A total of 1741 patients (1.65%) had statin intolerance,
and 55,567 patients (52.8%) had high statin adherence.
During a median of 1.9 to 2.3 years of follow-up, there
were 4450 recurrent MIs, 6250 CHD events, and 14,311
deaths. The multivariable hazard ratios comparing those
with statin intolerance to those with high statin adherence
were 1.50 (95% CI, 1.30–1.73) for recurrent MI, 1.51 (95%
CI, 1.34–1.70) for CHD events, and 0.96 (95% CI, 0.87–
1.06) for all-cause mortality.
Summary of new recommendations for
PCSK9 inhibitors for patients with statin
intolerance

Recognizing the increased ASCVD risk observed in
statin-intolerant patients with previous MI, the Panel
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recommends consideration of the use of PCSK9 in-
hibitors for very-high-risk statin-intolerant patients,
such as those who had previous ASCVD events in the
presence of additional risk factors and require substantial
additional LDL-C lowering despite the use of other LDL-
C–lowering therapies. The Panel has chosen to maintain
our previous recommendation for such patients with the
same strength and quality of evidence as in the 2015
document.

Recommendation 4: PCSK9 inhibitor therapy may be
considered to further reduce LDL-C in selected very-
high-risk patients who meet the definition of statin intol-
erance (as previously defined by the NLA Statin Expert
Panel) and who require substantial additional athero-
genic cholesterol lowering, despite the use of other lipid-
lowering therapies. Strength C, Quality: Low.

The NLA’s Expert Panel’s updated recommendations for
the use of PCSK9 inhibitors are provided in Table 2 and
summarized in Table 3.

A thorough provider-patent discussion should be
undertaken whenever the use of PCSK9 inhibitor therapy
is considered. Such discussion should include consider-
ation of the NNT to benefit the patient, cost (including
the need to obtain prior authorization), need for subcu-
taneous injection, and importance of follow-up lipid
monitoring. The clinician must continue to emphasize
at each visit the importance of adherence to evidence-
based statin therapy and attention to lifestyle therapy.
The presence of nonlipid ASCVD risk factors must be
repetitively considered and, when present, effectively
addressed. Careful consideration must also be given to
the impact of patient characteristics, concomitant medi-
cal conditions, and patient preferences.

In conclusion, new cardiovascular outcomes data on
therapy with monoclonal antibodies to PCSK9 provide an
additional evidence-based option for safe LDL-C lowering
and reduction in adverse ASCVD outcomes. This update by
an NLA Expert Panel incorporates these new data and
Table 3 2017 NLA expert panel PCSK9 inhibitor recommendations

Disorder
LDL-C/
Thresho

ASCVD + additional risk factors $ 70

Progressive ASCVD $ 70

LDL-C $ 190, age 40-79
No uncontrolled RF or key additional risk markers

$ 10

LDL-C $ 190, age 40-79
Uncontrolled RF or key additional risk markers

$ 70

LDL-C $ 190, age 18-39
Uncontrolled RF or key additional risk markers
or FH causing mutation

$ 10

Homozygous FH phenotype $ 70

ASCVD + Statin intolerance Clini
provides evidence-based recommendations that may aid in
clinical decision-making.
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