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Current and emerging treatments for hypercholesterolemia:
A focus on statins and proprotein convertase subtilisin/kexin
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Abstract

Statins are a mainstay of hyperlipidemia treatment. These drugs inhibit the enzyme 3-hydroxy-3-methylglutaryl coenzyme
A reductase and have beneficial effects on atherosclerosis including plaque stabilization, reduction of platelet activation,
and reduction of plaque proliferation and inflammation. Statins also have a benefit beyond atherosclerotic plaque, including
anticoagulation, vasodilatation, antioxidant effects, and reduction of mediators of inflammation. In the perioperative period,
statins appear to contribute to improved outcomes via these mechanisms. Both vascular and nonvascular surgery patients have
been shown in prospective studies to have lower risk of adverse cardiac outcomes when initiated on statins preoperatively.
However, not all patients can tolerate statins; the search for novel lipid-lowering therapies led to the discovery of the proprotein
convertase subtilisin/kexin Type 9 (PCSK9) inhibitors. These drugs are fully-humanized, injectable monoclonal antibodies. With
lower PCSK9 activity, low-density lipoprotein cholesterol (LDL-C) receptors are more likely to be recycled to the hepatocyte
surface, where they serve to clear plasma LDL-C. Evidence from several prospective studies shows that these new agents can
significantly lower LDL-C levels. While PCSK9 inhibitors offer hope of effective therapy for patients with familial hyperlipidemia
or intolerance of statins, several important questions remain, including the results of long term cardiovascular outcome studies.
The perioperative effects of new LDL-C-lowering drugs are unknown at present but are likely to be similar to the older agents.
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Introduction

The leading cause of death in the United States is cardiac
disease, accounting for more than 600,000 deaths each year.
Further, the most frequent type of heart disease in the United
States 1s coronary artery disease (CAD). The presence of
hypercholesterolemia predisposes the patient to CAD via
entry of low-density lipoprotein cholesterol (LDL-C) particles
into arterial subendothelial spaces. Hyperlipidemia treatments
include diet and exercise, fibrates, bile acid sequestrants,
nicotinic acid, statins, and selective inhibitors of cholesterol
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absorption.!"! Statin therapy 1s effective for both primary
and secondary prevention for CAD and also improves a
number of perioperative outcomes. Significant reductions in
cardiovascular morbidity and mortality from lipid-lowering as
well as pleiotropic effects have been demonstrated.

However, statins are not adequate therapy for patients with
elevated lipoprotein (a) and for patients with very high levels
of LDL-C, such as those with familial hyperlipidemia.®
Further, some patients are intolerant of statins and might
benefit from alternatives and/or combination therapies and
even lower LCL-C levels. The purpose of this manuscript is
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to review the mechanism of action of statins and their favorable
effects on the lipid profile and perioperative outcomes; to
review issues of compliance and cost associated with the
statins; and to introduce the reader to the newest type of
lipid-lowering agents: the proprotein convertase subtilisin/kexin
type 9 (PCSKD9) inhibitors. These monoclonal antibodies
reduce LDL-C, apolipoprotein B and non-high-density

lipoprotein-cholesterol (HDL.-C) with minimal effects on
triglycerides and HDL-C.

Statin Mechanism of Action

For the past three decades, the mainstay of treatment for
CAD has been statin therapy. Statins inhibit the enzyme
3-hydroxy-3-methylglutaryl coenzyme A reductase.
This inhibition occurs early in the hepatic pathway that
produces not only cholesterol but also other vital metabolic
products [Figure 1].5! Cholesterol itself is an intermediate
product in pathways that produce corticosteroids, sex steroids,

Vitamin D, and bile acids.

Decreased cholesterol synthesis results in upregulation of
LDL-C receptors on the surface of the hepatocyte and
greater clearance of LDL-C from the plasma. Effective
statin therapy will reduce LDL-C, reduce triglycerides,
and modestly raise HDL levels. In the past, guidelines
to prevent CAD suggested patients achieve a LDL-C
level <100 mg/dL., which limits the formation of plaque
in coronary arteries. Newer guidelines do not address a
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Figure 1: Metabolic pathways impacted by statins and proprotein convertase
subtilisin/kexin Type 9 inhibitors. Decreased cholesterol synthesis results in
upregulation of low-density lipoprotein cholesterol receptors and greater clearance
of low-density lipoprotein cholesterol. When proprotein convertase subtilisin/
kexin Type 9 is bound to the low-density lipoprotein cholesterol receptor, the
internalized receptor is more likely to be degraded. With lower proprotein
convertase subtilisin/kexin Type 9 activity due to proprotein convertase subtilisin/
kexin Type 9 inhibitors, low-density lipoprotein receptors are more likely to be
recycled to the cell surface to clear plasma low-density lipoprotein cholesterol.
VLDL = Very low-density lipoprotein, TG = Triglyceride, ApoB = Apolipoprotein
B. By permission of Mayo Foundation for Medical Education and Research

targeted LDL-C level but target the types of patients that
should lower their LDL-C levels.™

In addition to favorable changes of the lipid profile, statins
have other beneficial effects on atherosclerosis including
plaque stabilization, reduction of platelet activation, and
reduction of plaque proliferation and inflammation. Their
net effect is to decrease plaque thrombogenicity.”! Statins
also have a benefit beyond atherosclerotic plaque, including
anticoagulation, vasodilatation and antioxidant effects, and
reduction of mediators of inflammation.”

According to several national guidelines,9 statins are
recommended as first-line therapy for CAD because a significant
body of literature supports their use for primary prevention,
particularly in higher risk patients. Statin therapy is also
supported for secondary prevention in known cardiovascular
disease patients or those with the risk equivalent.”! A
meta-analysis of over 90,000 participants determined that
reducing LDL-C levels by an average of 39 mg/dL will yield

a 23% reduction in cardiovascular risk over 5 years.™®!

Newer, so-called high-intensity statin therapy (second or
third generation statins, e.g., 20—40 mg/day of rosuvastatin;
40—80 mg/day of atorvastatin) was developed and has
had even more success in lowering LDL-C levels.'? In
addition, ezetimibe (Zetia®) was approved in the class of
cholesterol absorption inhibitors which when used alone or
with a high-intensity statin have proved effective in those
patients with extremely high LDL-C levels.!"'"

Compliance and Cost

Over three decades of experience with statin therapies have
shown that most patients tolerate them well, but a sub-population
may be intolerant. Muscle adverse events (myalgias, muscle
weakness, myositis) are the most commonly reported side
effects of statins, with a clear dose-dependent relationship
between many, but not all adverse events.'? Overall, 5—10%
of patients on statins will have an adverse event, and 10-20%
on high-dose statins will have a muscle-related complaint.['>'¥
Cognitive events (memory problems, confusion, and cognition

changes) are second in frequency to muscle complaints.

Multiple studies indicate that patients previously intolerant of
statins can tolerate them when reinitiated at a later time and
possibly with a different agent.!">'”! Statin-intolerant patients
can be managed with alternative therapies, including switching
to another statin or use of intermittent dosage regimens, as

well as nonstatin lipid-lowering drugs (e.g., ezetimibe and
fibrates). 2%
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Lazar et al. concluded that the use of low-cost generic statin
therapy in the primary prevention of CAD was cost-effective,
but suggested under certain conditions expanding to more
aggressive prescribing would be cost-effective.?" Their
analysis used the benchmark of $4.00 USD per month for
statin therapy based on the fact that the majority of statins are
now generic; however, some of the high-intensity statins and
ezetimibe are considerably more expensive (approximately
$250 USD per month). Lazar and his team took into
consideration the incidence of cardiovascular accidents,
death rates, and the costs of medical treatment associated
with these events compared to the current low cost of statin
therapies.

Statin medications are taken orally, usually once a day.
Even with that simplistic schedule, many patients are
noncompliant.?>?! Statin compliance may be as low as
54%,24 and 50% or more of patients initiated on statin
therapy will discontinue within 1 year.?”!

Parris et al. showed that an adherence rate above 80%
produced a significantly higher number of patients who were
able to achieve a goal of <100 mg/dL. of LDL-C.2% A
number of interventions may help to improve compliance,
including switching from brand name to generic drugs,
reducing out-of-pocket costs, and eliminating co-pays.!??
Although statin therapy is effective in lowering cholesterol and
lowering the risk of CAD at relatively low cost, adherence
remains a challenge.

Statins and Perioperative Outcomes

After noncardiac surgery, cardiovascular complications are
the leading cause of morbidity and mortality, affecting 3% of
patients.”?8 Statins may improve outcomes simply by lowering
cholesterol levels and decreasing the incidence of atherogenesis
and endothelial dysfunction. However, it appears that statins
provide beneficial effects via nonlipid-lowering mechanisms as
well. These pleiotropic effects include vasodilatation, reduced
inflammation and thrombogenicity, antioxidant effects, and
reduction in C-reactive protein (CRP).?? Further, statins
help to stabilize atherosclerotic plaque and produce antiplatelet
effect.

In the perioperative period, statins have been shown to
improve outcomes,?%?? although much of the data is
retrospective.?>?% For instance, in a retrospective cohort
study of over 780,000 patients undergoing noncardiac surgery,
treatment with statins was associated with lower mortality.%!
The authors concluded that among highest risk patients, the
number needed to treat (with statins) to prevent a perioperative

death was 30.

In a randomized, prospective study of 100 vascular surgery
patients, 20 mg of daily atorvastatin was compared to
placebo." Patients were initiated on therapy (or placebo)
for 30 days prior to surgery and continued for 15 days
afterward, for a total of 45 days of treatment. The patients
were followed for 180 days for a composite of cardiovascular
complications, including nonfatal myocardial infarction (MI),
stroke, unstable angina, and death. There was a significant
reduction in events for the statin group, 8% versus 26%,

P =0.031.

In a prospective study of 497 statin-naive patients prior to
major vascular surgery, patients were randomized to fluvastatin
80 mg or placebo plus a beta-blocker.?? The patients were
treated for a mean of 37 days before surgery and 30 days
postoperatively. The occurrence of myocardial ischemia was
significantly less in the treatment group within 30 days of
surgery, 10.8% versus 19%, P = 0.01; the number needed
to treat to prevent myocardial ischemia in one patient was 12.
Of note in this study, the fluvastatin was also associated with
a significant reduction in inflammatory markers including

interlukin-6 and CRP.

Finally, in a prospective study that included noncardiovascular
surgery patients considered to be intermediate-risk, bisoprolol
and fluvastatin versus placebo was initiated about 35 days
preoperatively and continued for 30 days postoperatively.2”
Similar to the previous prospective studies, a 30-day composite
outcome of MI and cardiac death was less in the treatment
group, 3.2% versus 4.9%, but statistical significance was not
met (P = 0.17). Overall, one could conclude that the greater
the cardiovascular risk, the greater the benefit of perioperative
statins.

Other perioperative outcomes of interest to anesthesiologists
include atrial fibrillation and renal function. In a prospective
study of 131 thoracic surgery (cancer) patients, new atrial
fibrillation was reduced 3-fold in patients taking statins
preoperatively.®® Interestingly, although atrial fibrillation/
flutter patients have elevated CRP levels, the reduction in
the incidence of atrial fibrillation in the statin group was
independent of CRP, Putative beneficial effects of statins on
dysrhythmias include reduced postoperative inflammation
and lipid-modulating effects on ion channel membranes.”

In terms of renal function, there is a paucity of prospective
data to inform practice. Retrospective data suggests that statins
can reduce renal injury in patients undergoing cardiovascular
procedures requiring aortic cross-clamping.®>*® In one study,
statin use was associated with increased odds of complete
renal function recovery after lower extremity vascular or

abdominal aortic procedures;?# while another retrospective

442 Journal of Anaesthesiology Clinical Pharmacology | October-December 2016 | Vol 32 | Issue 4



Trentman, et al.: Statins and PCSK9 inhibitors

study showed no improvement in renal outcomes after major

vascular interventions. "

A recent meta-analysis that included 2275 statin-naive
patients in 16 randomized, controlled trials concluded that
statins favorably impact perioperative outcomes.?”! The
patients in these trials were initiated on statin therapy versus
placebo after randomization and before surgery. Outcomes
included reduced mortality (P = 0.03), MI (P < 0.001),
perioperative atrial fibrillation (P < 0.001), and hospital
length of stay (P < 0.001). The outcomes were most beneficial
in patients undergoing cardiac surgery, but noncardiac surgery
patients also benefitted from initiation of statin therapy before
surgery.

No current guidelines recommend initiating patients on
statins in the perioperative period, and a number of questions
remain unanswered regarding perioperative statin therapy.
For instance, if statins are initiated preoperatively, how long
before surgery should this be done, and at what dose? What
impact, if any, would side-effects of statins have on surgery
scheduling and perioperative management? Despite these
and other questions, patients taking statins preoperatively
should be restarted on their statin therapy postoperatively
as soon as possible."?! Perioperative discontinuation of
statin therapy is associated with worse cardiac outcomes.™"
Unfortunately, many patients on preoperative statins are not
aware of the benefit and may stop them before surgery, and
surgeons rarely discuss the importance of continuing statins
perioperatively.#?!

At present, there is no clear evidence of harm from administering
succinylcholine to patients with statin-related myalgias, and no
reason to monitor parameters associated with stain use such as
myoglobin, potassium, or creatinine kinase.'*?! Further, there
is no literature to suggest statins slow or negatively impact
cognitive recovery from anesthesia, despite patient complaints
of cognitive changes from these drugs. In fact, there is literature
to suggest that statins are neuroprotective in asymptomatic
carotid stenosis patients undergoing carotid endarterectomy. 4

New Therapies

With multiple studies demonstrating that lower LDL-C
correlates with reduced cardiovascular events, interest in
novel therapies led to the discovery of a new class of drugs
known as PCSKO9 inhibitors. First recognized in 2003, these
drugs are fully-humanized, injectable monoclonal antibodies.
Observations that led to the development of PCSKO inhibitors
include the fact that some missense mutations of PCSK9
are associated with hyperlipidemia.””! In these mutations,
increased LLDL. receptor degradation occurs in the hepatocyte;

fewer LDL receptors mean that less LDL-C is cleared from
the plasma.

Conversely, other PCSK9 gene sequence variations result in

decreased PCSKO activity; these patients have lower LDL-C
and fewer lifetime cardiovascular events.[*! When PCSK9
1s bound to the LDL-C receptor, the internalized receptor
is more likely to be degraded by hepatocyte lysosomes. With
lower PCSKO activity, LDL receptors are more likely to be
recycled to the cell surface, where they serve to clear plasma

LDL-C [Figure 1].147

Therefore, genetic studies of patients with gain-or-loss of
function mutations of PCSK9 led to interest in drugs that
could inhibit PCSKO9 activity. The US Food and Drug
Administration (FDA) expressed concern that these new drugs
could drive cholesterol so low that patients would suffer metabolic
and/or neurocognitive effects. After extensive testing, two new
agents were approved by the FDA in mid-2015 for certain
cases of hyperlipidemia. The approved monoclonal antibodies
are alirocumab (Praluent®) and evolocumab (Repatha®).
A third agent (bococizumab) is in phase-III trials.

Evidence suggests that these new agents can lower LDL-C
levels significantly. Alirocumab was approved as an add-on
to diet and statins for adults with heterozygous familial
hypercholesterolemia (FHC) or for additional lowering of
LDL-C in patients with clinical atherosclerotic cardiovascular
disease. Evolocumab was approved with similar indications
but also includes an indication for homozygous FHC.

Clinical studies have shown a >60% reduction in LDL-C
when PCSKO9 inhibitors were added to standard therapy
compared to standard treatment alone.™®* There was
no increase in adverse events, treatment versus standard
group, for injection site reactions, neurocognitive events,
and liver function test changes. Alirocumab was associated
with increased myalgias versus placebo, 5.4 versus 2.9%,
P = 0.006. Simultaneously, major adverse cardiac events
have been reduced significantly in the patients treated with

PCSKO9 inhibitors.

For instance, Sabatine et al. showed that the rate of
cardiovascular events at | year was reduced significantly in
patients receiving evolocumab plus standard therapy versus
those receiving standard therapy alone, 2.18% versus 0.95%,
P = 0.003.5% The adjudicated cardiovascular events studied
included transient ischemic attack, stroke, unstable angina,
heart failure, MI, coronary revascularization, and death.

Alirocumab must be injected every 2 weeks, and evolocumab
can be injected either every 2 weeks or once per month.
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The PCSK9 inhibitors carry substantially higher
costs (approximately $1,400 USD per month) than standard
therapy. The evidence available at this time does not correlate
long-term cardiovascular outcomes data although several

longitudinal studies are underway (e.g., FOURIER study
of Evolocumab, NCT01764633, scheduled for completion
in 2018). However, several early lines of evidence suggest
that these drugs will improve long-term outcomes in patients
with hyperlipidemia. First, the PCSKO9 inhibitors have been
shown to effectively reduce the levels of LDL-C cholesterol;
second, they ultimately have the same mechanism of action
of traditional statins (increase hepatocyte LDL receptor
activity); and third, patients with genetic loss of function of
PCSKO9 activity have lower lifetime risk of cardiovascular
disease.™® These new agents seem to be reasonably safe;
however, they are not without potential adverse events,
such as increased visceral adiposity secondary to decreased
free fatty acid clearance, glucose intolerance, and insulin
resistance (reported in patients with PCSKO loss of function
mutation)."!

Implications of Proprotein Convertase
Subtilisin/Kexin Type 9 Inhibitors for
Perioperative Care

There is no data yet to guide the perioperative clinician regarding
the perioperative effects of PCSK9 inhibitors. It is reasonable
to speculate that these drugs will improve perioperative
outcomes, similar to the statins, and they should be continued
when possible around the time of surgery. However, because
the current formulation of PCSK9 inhibitors are injected
subcutaneously on a monthly or every-other-week basis, the
anesthesiologist will have little control over perioperative
dosing of these drugs. Like the statins, it is appropriate
to remind surgical colleagues regarding administration of
PCSKP inhibitors in the immediate perioperative period.
At a minimum, anesthesiologists should be aware of this new
class of medications as more information becomes available.

Summary

While PCSKO9 inhibitors offer hope of effective therapy for
patients with familial hyperlipidemia or intolerance of statins,
several important questions remain. Long-term (phase-III)
cardiovascular studies are ongoing, and the chronic effects of
dramatic lowering of LDL-C levels via PCSK9 inhibitors
are unknown. The economic implications of this new class
of drugs are substantial, and patient compliance with an
injectable medication that produces no outward physical
benefit (e.g., pain reduction, improved joint function) is in
question. While currently unknown, the perioperative effects

of new LDL.-C-lowering drugs are likely to be similar to the
older agents.
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