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PCSK9 inhibitors:
Add-on therapy to reduce stroke risk

s. G, 62, is admitted to
the ED after experienc-
ing a transient ischemic

attack (TTA). Her sister reported
that Ms. G's speech was slow
and garbled. Ms. G's health his-
tory includes an ischemic stroke
diagnosed 3 years ago, hyperten-
sion, type 2 diabetes mellitus
(T2DM), and dyslipidemia. She
has no known drug allergies.
Medications include daily aspirin,
amlodipine, losartan, atorvastatin,
ezetimibe, metformin, and empa-
gliflozin. Pertinent family history
includes Ms. G's mother, who is
alive at age 84 with hypertension;
Ms. G's father had hypertension
and T2DM and died at age 60
from a myocardial infarction (MI).
Ms. G smokes half a pack of ciga-
rettes daily.

Computed tomography (CT)
of the head showed no blood
or other abnormalities. A
12-lead ECG showed normal
sinus rhythm with no signs of
myocardial ischemia or infarct.
Labwork done in the ED,
including a finger-stick blood
glucose, complete blood cell
count, coagulation profile, basic
metabolic panel, and erythro-
cyte sedimentation rate were all
within normal limits. Results of
a fasting lipid panel completed
2 weeks prior to admission
demonstrated a total serum
cholesterol, 165 mg/dL (normal,
140-199 mg/dL); low-density
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lipoprotein cholesterol (LDL-C],
89 mg/dL (normal, <100 mg/
dL); high-density lipoprotein
cholesterol (HDL-C), 48 mg/dL
(normal, 35-80 mg/dL); and tri-
glycerides, 140 mg/dL (normal,
<150 mg/dL).!

This article explores the phar-
macology of alirocumab and
evolocumab, two new proprotein
convertase subtilisin/kexin type
9 (PCSK9) inhibitors approved
by the FDA for subcutaneous
administration to reduce LDL-C
and reviews the clinical trial
evidence supporting these drugs,
their nursing implications, and
patient education for optimal
safety.

TIA and stroke

A TIA is a high-risk event, and
12% of patients who experience
a stroke have a TIA preceding
the stroke.? TIA is currently
defined as a transient episode of
neurologic dysfunction caused
by focal brain ischemia, spinal
cord, or retinal ischemia without
acute infarction. Ischemic stroke
is diagnosed by the presence of
infarcted brain tissue and may
cause persistent cognitive, lan-
guage, motor, or sensory deficits.
Stroke is the fifth leading cause
of death in the US, with an esti-
mated 795,000 strokes reported
annually.?3 Acute ischemic stroke
(87%) is more common than
intracerebral hemorrhage (10%)
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or subarachnoid hemorrhage
(3%).2

The ABCD? score can be used
to estimate the risk of ischemic
stroke in the first 2 days after a
TIA.* Patients age 60 or older,
with a systolic BP of at least 140
mm Hg or diastolic BP of at least
90 mm Hg, unilateral weakness,
diabetes, and a duration of TIA
symptoms for at least 60 minutes
have the greatest risk of stroke
heralded by a TIA.#

ABCD? scores are interpreted
as follows:
¢ 6 to 7: High 3-month stroke risk
(8%)
¢ 4 to 5: Moderate 3-month
stroke risk (4%)
¢ 0 to 3: Low 3-month stroke risk
(1%)

Ms. G's ABCD? score was 6
(high 3-month stroke risk). Ms.
G's risk factors included her age,
hypertension, T2DM, dyslipid-
emia, and smoking. Cigarette
smoking is associated with an
increased risk for all stroke sub-
types. The likelihood of a stroke
event is 1.45 times greater in
someone with diabetes as com-
pared with someone without
diabetes.? For women and men
with diabetes, the relative risk
of stroke is 2.28 and 1.83 times
greater than healthy individu-
als, respectively.? The burden of
stroke has a substantial impact
on patients and their caregivers.
Within 6 months, 50% of older
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adults surviving an acute isch-
emic stroke have residual hemi-
paresis, and 30% need assistance
with walking and other activities
of daily living.® The financial
impact to survivors and the
health system is astounding; the
collective estimated annual cost
of long-term disability is over $30
billion.® Fortunately, there are
new lipid-lowering drug therapies
being examined for cardiovascu-
lar prevention, including stroke
prevention.

Pharmacology
LDL-C, a lipoprotein, circulates
within the blood, oxidizes, and
adds to arterial plaque in vulner-
able arteries, such as coronary
and carotid arteries.”® Plaque
builds to critical levels to dimin-
ish or occlude blood flow in the
intimal lining, or may break off
to occlude cerebral arteries.?

PCSK9 is an enzyme, encoded
by the PCSK9 gene, predominant-
ly produced in the liver. PCSK9
binds to the LDL receptor (LDL-
R) on the surface of hepatocytes,
leading to the degradation of the
LDL-R and higher plasma LDL-C
levels. Antibodies to PCSK9
interfere with its binding of the
LDL-R leading to higher hepatic
LDL-R expression and lower
plasma LDL-C levels.

In summary, the mechanism
of action of PCSK9 inhibitors is
halting the metabolic breakdown
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of LDL-Rs resulting in increased
clearance of LDL-C.” This mech-
anism is distinctly different
from statins, which inhibit cho-
lesterol synthesis in the liver.?
The mean percentage change

in LDL-C levels decreased by
50% or more from baseline in
patients receiving the PCSK9
inhibitors alirocumab and evo-
locumab. 1911 Apolipoprotein B,
a marker of cardiovascular risk,
also declined significantly.10.11
Therefore, the potential to pre-
scribe potent nonstatin lipid-
lowering drugs together with
statins has generated significant
interest.”

PCSK9 inhibitors are bioen-
gineered monoclonal antibod-
ies directed against PCSKO.
Alirocumab and evolocumab are
PCSK9 inhibitors approved by
the FDA for subcutaneous admin-
istration and are effective in
reducing LDL-C.? Clinical trials
are revealing promising results
for the prevention of athero-
sclerotic cardiovascular disease
(ASCVD), including nonembolic
ischemic stroke.10-16

Clinical trial evidence
PCSK9 inhibitors have been
studied in secondary and pri-
mary prevention populations
to mitigate or prevent ASCVD
(see Statin and nonstatin man-
agement of ASCVD). The 2018
guidelines on blood cholesterol

management describe the place
in therapy of PCSK9 inhibi-
tors and other nonstatin drugs
for specific populations.1?
Secondary prevention applies
to individuals with clini-
cal ASCVD, including a past
ischemic stroke/TIA. Clinical
ASCVD also applies to individ-
uals with a history of MI, acute
coronary syndromes (ACS),
stable angina, coronary artery
or carotid arterial revascular-
ization, or peripheral artery
disease.!213 The common
pathophysiologic process arises
from the presence of arterial
plaque accompanied by inflam-
mation and thrombosis.

Primary Prevention applies
to individuals without clinical
ASCVD who have dyslipidemias
stemming from a genetic muta-
tion or inherited defect.!213
Familial hyperlipidemias are
associated with defective lipo-
protein metabolism predomi-
nantly affecting LDL-C levels.
Adults with heterozygous or
homozygous familial hypercho-
lesterolemia are included in the
population with severe hyper-
cholesterolemia (LDL-C of 190
mg/dL or higher).12.13

Several clinical trials assessed
the change in lipid values when
PCSK9 inhibitors were added to
moderate- to high-intensity statin
therapy, and also assessed major
adverse cardiovascular events
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(MACE) as a composite end-
point. (See Clinical trial results.)
The Further Cardiovascular
Outcomes Research with PCSK9
Inhibition in Subjects with
Elevated Risk (FOURIER) trial
evaluated evolocumab on the
composite of MACE as a primary
endpoint.!! FOURIER was a ran-
domized, double-blind, placebo-
controlled trial enrolling adults
ages 40 to 85 who had clinically
evident ASCVD. Patients had a
history of MI, nonhemorrhagic
stroke, and/or peripheral artery
disease.!! They must be receiv-
ing an optimized lipid-lowering
regimen that included high-
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intensity statins with or without
ezetimibe.!!

The Long Term Safety and
Tolerability of Alirocumab in
High Cardiovascular Risk Patients
with Hypercholesterolemia not
Adequately Controlled with
Their Lipid Modifying Therapy
(ODYSSEY long term) trial
evaluated MACE events in a
post-hoc analysis of secondary
endpoints.!? The study enrolled
adults with heterozygous familial
hyperlipidemia, or hypercholes-
terolemia with or without estab-
lished coronary heart disease
(CHD) or CHD risk equivalents.
The primary endpoint in the

Statin and nonstatin management of ASCVD'2'3

ODYSSEY long term trial was the
change in LDL-C over time.

The Evaluation of Cardiovascular
Outcomes after an Acute
Coronary Syndrome during treat-
ment with Alirocumab (ODYSSEY
OUTCOMES) trial completed
enrollment, and a summary of
the preliminary results are avail-
able.1*1® ODYSSEY OUTCOMES
evaluated patients recently hospi-
talized for ACS occurring 4 to 52
weeks before randomization.!#416
Adults age 40 or older were inad-
equately controlled on high-dose
or maximally tolerated statins.
The primary endpoint was the
composite of MACE events.

Statins

Nonstatin lipid-lowering drugs

Secondary prevention

Secondary ASCVD
prevention*

Age <75: high-intensity statins
Age >75: moderate-intensity statins

Persistently elevated LDL-C > 70 mg/dL
Option 1: ezetimibe
Option 2: PCSK9 inhibitors**: ***

Primary prevention without ASCVD

Severe hypercholesterol-
emia with LDL-C >190
mg/dL)*

High-intensity statins to achieve at
least a 50% reduction in LDL-C*

Persistently elevated LDL-C > 190 mg/dL on
maximally tolerated statins and ezetimibe, con-
sider adding PCSK9 inhibitors**: ***

Diabetes with LDL-C 70-189
mg/dL*

Moderate-intensity statins
If 10-year ASCVD risk estimate >7.5%:
high-intensity statins

Ezetimibe
(No primary prevention role for PCSK9 inhibi-
tors)

Moderate to high 10-year
ASCVD risk estimate >7.5%
with LDL-C 70-189 mg/dL*

Statin dosing based on 10-year
ASCVD risk estimate

>7.5%: moderate- or high-intensity
statin

5% to <7.5%: moderate-intensity statin
(Additional risk factors should be
evaluated)

Option 1: Ezetimibe

Option 2: Bile acid sequestrant

(No primary prevention role for PCSK9 inhibi-
tors)

(Additional risk factors should be evaluated)

*Applies to individuals age >21

**Alirocumab indicated in patients with heterozygous familial hyperlipidemia, and clinical ASCVD (limitations: the effect on cardiovascular morbidity and

mortality has not been determined)"”

***Evolocumab indicated in patients with established cardiovascular disease to reduce the risk of MI, stroke, and coronary revascularization, primary
hyperlipidemia (including heterozygous familial dyslipidemia), and homozygous familial dyslipidemia'®

+ Applies to individuals ages 40 to 79; # excludes statin benefit group 3 (diabetes ages 40 to 79)

ASCVD: atherosclerotic cardiovascular disease; LDL-C: low-density lipoprotein cholesterol; PCSK9: proprotein convertase subtilisin/kexin type 9
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Clinical trial results

Trial design Endpoint Drug Control Pvalues
ODYSSEY Alirocumab Placebo
long term10 MACE 27 (1.7%) 26 (3.3%) P=.02
Ischemic stroke* 9 (0.6%) 2 (0.3%) P=.35
ODYSSEY Alirocumab Placebo
outcomes'4-16 MACE 903 (9.5%) 1,052 (11.1%) P=.0003
Ischemic stroke* 111 (1.2%) 152 (1.6%) P=.01
FOURIER™ Evolocumab Placebo
MACE 1,344 (9.8%) 1,563 (11.3%) P<.001
Total strokes 207 (1.5%) 262 (1.9%) P=.01
Ischemic stroke 171 (1.2%) 226 (1.6%) HR 0.75 (0.62, 0.92)
Hemorrhagic 29 (0.21) 25 (0.18) HR 1.16 (0.68, 1.98)
Unknown 13 (0.09) 14 (0.10) HR 0.93 (0.44, 1.97)

*Fatal and nonfatal ischemic stroke

HR: hazard ratio; MACE: major adverse cardiovascular events

Safety
Patients should be informed
about injection site reactions,
which occurred more frequently
with alirocumab (3.8% versus
placebo 2.1%) and evolocumab
(2.1% versus placebo 1.6%) as
compared with placebo adminis-
tration.10:11

Most individuals who are
prescribed PCSK9 inhibitors
will also take moderate- to high-
intensity statins. Statin-induced
myopathy is characterized as a
potential adverse reaction caus-
ing muscle tenderness, pain,
and weakness.!? Myopathy
occurred in 5.4% of patients
taking alirocumab versus 2.9%
getting placebo (P < .006).1°0 In
FOURIER, muscle-related events
were not significantly different
between evolocumab (5%) versus
placebo (4.8%) (P = nonsignifi-
cant [NS]).!! Patients should be
counseled to report persistent
muscle symptoms.

There are concerns that sub-
stantial reductions in LDL-C
may be associated with memory
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impairment or more serious cog-
nitive effects (amnesia or confu-
sion).” This theory is based on
the role of cholesterol in main-
taining central nervous system
function and development of
neurons.” Neurocognitive event
rates were similar between ali-
rocumab (1.2% versus placebo
0.5%, P = .17) and evolocumab
versus placebo arms (1.6% versus
placebo 1.5%, P = NS).10.11
New-onset diabetes has been
reported with statin use and may
result in symptomatic hypergly-
cemia and elevations in hemo-
globin A1C.° Pancreatic beta-cell
function involves expression
of PCSK9, and evidence from
preclinical studies points to
diminished beta-cell function and
glucose intolerance in animals.”
New-onset diabetes occurred
less frequently in the alirocumab
arm (1.8%) versus placebo arm
(2%)(P = .84).10 There was no
difference in cases of new-onset
diabetes with evolocumab versus
placebo arms (8.1% versus 7.7%,
P = NS).!! In both studies, inves-

tigators distinguished preexist-
ing versus new-onset reports of
diabetes.

Drug therapy selection
With the introduction of new evi-
dence on PCSKO9 inhibitors, the
American College of Cardiology
2017 focused update is organized
by statin benefit groups that may
benefit from nonstatin lipid-
lowering drug therapy.'? PCSK9
inhibitors are recommended for
individuals diagnosed with a
recent or past ASCVD event who
would benefit from using a sec-
ondary prevention intervention
based on the presence of specific
factors.

The 2018 guidelines clarify
the place in therapy of approved
nonstatin lipid-lowering drugs
(ezetimibe, bile acid seques-
trants) and the newly approved
nonstatin lipid-lowering PCSK9
inhibitors.!? PCSK9 inhibitors
are recommended in very high-
risk patients who have either
multiple major ASCVD events,
or 1 major ASCVD event and
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multiple high-risk conditions.
The guidelines support prescrib-
ing of maximally tolerated statins
in these patient groups. There is
a net benefit to additional lower-
ing of LDL-C with the addition
of ezetimibe and PCSK9 inhibi-
tors. Clinicians should engage
patients in discussing net bene-
fits, safety, and cost of therapies.

Nonstatin lipid-lowering thera-
py is indicated for severe hyper-
cholesterolemia.'? Ezetimibe is
recommended as first-line agents,
whereas PCSK9 inhibitors are
recommended as second-line
agents. The control of hereditary
primary dyslipidemias typically
requires combination drug thera-
py and aggressive lifestyle modi-
fications. The treatment goal for
high-intensity statins is to achieve
an LDL-C reduction of 50%
from baseline. The availability of
PCSK9 inhibitors now results in
lowering LDL-C by an additional
40 to 50 mg/dL when used in
combination with statins.!®

At this time, PCSK9 inhibi-
tors are not recommended in the
statin benefit groups affecting
individuals with diabetes or in
patients with an elevated 10-year
risk for ASCVD.12

Discussion

The case study outlined earlier
in this article depicts a patient
with a recent TTIA who has
clinical ASCVD, and ASCVD
comorbidities and risk factors
that should be aggressively
managed, including treatment

of dyslipidemia, hypertension,
diabetes, and smoking.?° The
patient should be fully evaluated
to determine if a carotid vascular
intervention is indicated, and to
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confirm the TIA was not caused
by a cardioembolic source.?1:22
The patient may be referred to
a lipid specialist.!? Because this
patient is at high risk for devel-
oping an acute ischemic stroke
or other ASCVD event, a high-
intensity statin, aspirin (an anti-
platelet agent for noncardioem-
bolic stroke prevention) should
be continued.?223

Before clinicians modify her
drug therapy, they should assess
the patient’s pattern of medica-
tion adherence and adherence to
healthy lifestyles.!? An interpro-
fessional collaborative approach
to care can engage nurses and
pharmacists in verifying medi-
cation use using documenta-
tion from hospital or pharmacy
records. Patients not adhering
to statins need additional coun-
seling and can be referred to a
medication therapy management
service.?* PCSK9 inhibitors are
indicated as an adjunct to a heart-
healthy diet.!217.18 A registered
dietitian-nutritionist can evaluate
the patient’s diet and provide rec-
ommendations for food choices
low in saturated fat.!? The 2018
guideline is an excellent source
with clear algorithms that outline
steps to optimize statin dosing
and lifestyle intensification.!?

There are other options for
modifying the patients’ therapy
based on the 2018 guidelines,
which address nonstatin lipid-
lowering drug therapy.'? The
decision to use nonstatins must
weigh patient factors such as
their underlying diagnosis, poten-
tial for impairment and disability
due to stroke, and affordability. In
this patient with multiple major
ASCVD events, a PCSK9 inhibi-
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tor can be added to the statin
and ezetimibe combination.!?
Ezetimibe is a once-daily oral
medication that is an affordable
alternative available in a generic
form. When ezetimibe was
administered along with simvas-
tatin in the IMPROVE-IT Stroke
Analysis, there was a significant
reduction in MACE events in
adults older than 50 with a recent
ACS hospitalization.?® There
was no difference on total stroke
events with ezetimibe/simvastatin
(4.2%) versus simvastatin alone
(4.8%: P = .052).25

Statin dosing is based on pre-
scribing fixed-dose moderate- or
high-intensity statins to achieve
an anticipated reduction in
LDL-C by 25% to 50%.13 Patient
LDL-C levels decrease substan-
tially while taking combination
statin and PCSK9 inhibitor.
Blinded dose adjustments were
made during one trial to achieve
LDL-C levels between 25 and
50 mg/dL.1®> The PCSKO trials
were not designed with a spe-
cific LDL-C target level in mind,;
however, it is prudent to monitor
LDL-C levels in 4-12 weeks to
evaluate the response.!?

However, Ms. G has recur-
rent TIAs with an LDL-C above
70 mg/dL and additional risk
factors; therefore, the guideline
recommends that the healthcare
provider discuss the advantages
and disadvantages of adding a
PCSK?9 inhibitor to high-dose
statins and ezetimibe.!? The
FOURIER trial included sub-
jects with nonhemorrhagic
stroke and provided evidence
for significantly reducing MACE
composite endpoints, ischemic
stroke, and nonfatal MI.!! This
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case study illustrates a patient
with TTIAs and multiple ASCVD
comorbidities is a candidate for
a PCSKO9 inhibitor, such as evo-
locumab.!1.12

Nursing implications

Nurses should be aware of the
place in therapy and benefits of
PCSK9 inhibitors for treatment in
individuals experiencing ASCVD
progression despite optimal man-
agement with medications (see
Nursing considerations). PCSK9
inhibitors are an option for spe-
cific statin benefit groups. In

the case study, the patient expe-
rienced repeated TIAs, which
places them at high risk for an
ischemic stroke, and places them
within the clinical ASCVD statin
benefit group. The patient’s
health history and recent head
CT results should be carefully
evaluated to rule out hemorrhag-
ic stroke. Patients with a history
of hemorrhagic stroke may be

at a greater risk for experienc-
ing further bleeding with high-
intensity statins.? This was an
exclusion criterion in the PCSK9
trials.10-11

Patient education
Alirocumab and evolocumab
are administered subcutane-
ously every 2 weeks; and evo-
locumab can also be given once
monthly.17.1® Adherence tools,
such as calendars, can be effec-
tive reminders for scheduling
doses. Videos are available on
the manufacturer website for
instructing patients on subcu-
taneous administration of the
drug, which can be injected in
the upper arm, thigh, or abdo-
men.!718 Evolocumab is avail-
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Nursing considerations

e Assess for a history of TIA, ischemic stroke, hemorrhagic stroke, and

dysrhythmias.?2

Ensure optimal management using statins, antiplatelet agents, and other
therapies for prevention of ASCVD.?2
Ensure optimal management for comorbidities (including hypertension,

hyperlipidemia, diabetes, obstructive sleep apnea).23

Use motivational interviewing skills in supporting the patient in making

healthy lifestyle changes (smoking cessation, saturated dietary fats and total
cholesterol reduction, limit alcohol intake, increase physical activity).23

Assess the following in patients not responding to maximally tolerated

statins and optimal lifestyle modifications:2

o 1) Do they meet the criteria for one of these statin benefit groups:
secondary ASCVD or severe hypercholesterolemia?

o 2) Do they meet the criteria for nonstatin lipid-lowering drugs: on
maximally tolerated statins with or without ezetimibe?

Provide training and instructions for self-administration of injectable drugs.
Refer patients to a registered dietitian for medical nutrition therapy, and to a

pharmacist for adherence support and smoking cessation counseling.'2:24

able with an autoinjector and
prefilled syringe, which is used
to administer the drug subcutane-
ously.1” Also, the needle cover of
the evolocumab prefilled syringe
and prefilled autoinjector con-
tains latex and poses a risk for
individuals with a latex allergy.1”
The higher dose of evolocumab
is delivered subcutaneously with
a single-use on-body infusor with
prefilled cartridge, which deliv-
ers the drug over the course of
9 minutes.!” The evolocumab
single-use on-body infusor with
prefilled cartridge is not made
with natural rubber latex.!” The
alirocumab pens and syringes do
not contain rubber latex.!” These
products are stored under refrig-
eration and should be disposed of
in a sharps container.!7:18 Direct
patients to remove the medica-
tion from refrigeration to warm
at room temperature for 30 min-
utes before administration.!”:18
Injection site reactions were
reported with PCSK9 inhibi-

tors and the frequency was
less than 4%.%17.18 Injection
site reactions could lead to
patient dissatisfaction with
the therapy and precipitate
medication nonadherence.
Patients should return for a
follow-up visit within 4 weeks
to evaluate the response to
therapy and resolve any prob-
lems with dose administration.
Hypersensitivity reactions
causing urticaria, rash, and
pruritus have been reported,
as well as serious hypersensi-
tivity and vasculitis reactions
resulting in hospitalization.1”
Individuals taking a PCSK9
inhibitor and experiencing a
life-threatening hypersensitivi-
ty reaction should immediately
stop taking the drug and seek
emergency treatment.

Conclusion

The 2018 guideline supports
the use of PCSK9 inhibitors as
an alternative for use in certain
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patient populations with second-
ary ASCVD and severe hyper-
cholesterolemia who are not
responding to maximally tolerat-
ed statins.!? There is also emerg-
ing evidence on the effectiveness
of alirocumab use following a
recent ACS.141® Currently, fixed-
dosed statins are the definitive
management strategy for these
indications for prevention of
MACE.!3 Statins are generally
well-tolerated and, with the
availability of generic formula-
tions, are affordable. PCSK9
inhibitors are new lipid-lowering
agents with a unique mechanism
of action that causes significant
LDL-reductions when used in
combination with statins. At this
time, the cost of the two FDA-
approved products, alirocumab
and evolocumab, may be pro-
hibitive to individuals without
health insurance, and managed-
care policies place them on a
restricted tier. Nurses can play
an important role in ensuring
optimal management of statin
therapy and address healthy life-
styles by identifying potentially
modifiable risk factors such as
smoking, diet, and medication
adherence. Patients who are
started on a PCSK9 inhibitor will
need instructions on administra-
tion of subcutaneous injections
using a syringe, autoinjector, or
infusor. H
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Unless otherwise specified, the information above
applies to adults, not children. Consult a phar-
macist or the package insert for information on
drug safety during pregnancy and breastfeeding.
Consult a pharmacist, the prescribing information,
or a current and comprehensive drug reference for
more details on precautions, drug interactions, and
adverse reactions.
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