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ABSTRACT: The role of low-density lipoprotein cholesterol (LDL-C) in the pathophysiology of atherosclerosis is well recognized, and statin
therapy represents the standard of care for LDL-C lowering and reduction of cardiovascular risk. However, many patients fail to achieve

LDL-C goals, whereas others are intolerant to statins due to side effects. Unfortunately, until recently, the efficacy of other nonstatin LDL-
C-lowering agents was limited, achieving an LDL-C reduction of no more than 20%. Proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors represent a new class of LDL-lowering agents, producing large reductions in LDL-C. Alirocumab is a PCSK9 inhibitor, which was
recently approved by the Food and Drug Administration as an adjunct to diet and maximally tolerated statin therapy for treatment of adults with
heterozygous familial hypercholesterolemia or clinical atherosclerotic cardiovascular disease who require additional lowering of LDL-C levels.
This review aims to provide the current clinical and scientific data pertaining to the treatment of hypercholesterolemia with alirocumab.
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Introduction

The role of low-density lipoprotein cholesterol (LDL-C) in
the pathophysiology of atherosclerosis is well recognized, and
statin therapy represents the standard of care for LDL-C low-
ering and reduction of cardiovascular risk. However, in many
cases, patients fail to achieve LDL-C goals. Until recently, only
20% to 26% of high-risk patients treated with statin mono-
therapy for >90 days had LDL-C <70 mg/dL and 67% to 77%
had LDL-C <100 mg/dL. The percentages of patients who
attained both LDL-C goals and non-high-density lipoprotein
cholesterol (HDL-C) goals were quantitatively smaller (13.5%
to 19.0% and 46% to 70%, respectively).! However, many
patients are intolerant to statins due to side effects, mostly
myalgia and weakness, especially at high statin doses. Other
more recently identified side effects, such as an increased risk of
diabetes mellitus, particularly at higher doses, as well as reports
of potential statin-induced memory loss, have prompted the
Food and Drug Administration (FDA) to mandate additional
safety-labeling warnings. However, until recently, the efficacy
of other nonstatin LDL-C-lowering drugs was limited, achiev-
ing an LDL-C reduction of no more than 20%. More specifi-
cally, extended-release niacin has been reported to lower
LDL-C by up to 17%. Fenofibrate has been reported to lower
LDL-C levels by approximately 20%, although it may actually
increase LDL-C levels in patients with hypertriglyceridemia.

Furthermore, ezetimibe, an intestinal cholesterol absorption
inhibitor, and colesevelam, a bile acid sequestrant, have been
reported to lower LDL-C by up to 18%. Thus, extensive
research is being conducted to identify new LDL-C—lowering
agents with an acceptable side effect profile, which, used alone
or in combination with statins, would improve our ability to
achieve LDL-C goals and reduce cardiovascular risk.?

Proprotein Convertase Subtilisin/Kexin Type 9
Inhibitors

Proprotein convertase subtilisin/kexin type 9 is a serine pro-
tease, mainly expressed in the liver and also in the intestine and
kidneys, located in the human chromosome 1p32.3 that
encodes a 692-amino-acid inactive glycoprotein, which under-
goes an intramolecular autocatalytic cleavage in the endoplas-
mic reticulum.? It promotes the degradation of LDL receptors
(LDLR) by reducing their recycling and targeting the receptors
for lysosomal destruction, thus decreasing the rate of removal
of LDL-C from circulation.*® More specifically, PCSK9 binds
to the LDLR at the cell surface with the catalytic domain of
PCSK9 binding to the epidermal growth factor repeat A of the
LDLR. The LDLR:PCSK9 complex is then internalized
through clathrin-mediated endocytosis. Owing to an addi-
tional electrostatic interaction at acidic pH between the
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C-terminal domain of PCSK9 and the ligand-binding domain
of the LDLR, PCSK9 remains bound to the LDLR in the
sorting endosome. Consequently, the LDLR fails to adopt a
closed conformation and is degraded instead of being recycled.
The mechanism responsible for the failure of the LDLR to
recycle appears to involve ectodomain cleavage of the extended
LDLR by a cysteine cathepsin in the sorting endosome. The
cleaved LDLR ectodomain remains confined in the vesicular
part of the sorting endosome for eventual degradation via the
endosomal/lysosomal system.* However, interacting partners
of PCSK9 have also been found in plasma that may influence
its versatility, concentration, and function and modulate its
action. Plasma lipoproteins act as important extracellular part-
ners for PCSK9, and PCSK9-LDL complexes have been
found in both mouse and human plasma. Aside from LDL,
PCSK9 may have other interacting partners in plasma that can
modulate its activity. Resistin is a small protein, secreted by
human macrophages and murine adipocytes, that increases
PCSKO9 expression in liver cells. Resistin levels are increased in
obesity, may contribute to insulin resistance and inflammation
in patients with metabolic syndrome, and are highly correlated
with atherosclerotic cardiovascular diseases in humans.’

Genetic studies have shown that gain-of-function muta-
tions of PCSK9 in humans result in hypercholesterolemia,!%11
whereas loss-of-function mutations are associated with low
LDL-C and diminished cardiovascular risk.! Ironically, statins
upregulate PCSK9 with consequent attenuation of their LDL-
C-lowering effect.’ Thus, inhibition of PCSK9 represents an
attractive target to enhance the lipid-lowering effect of statins.?
Furthermore, PCSK9 inhibition may also have other beneficial
effects beyond plain lipid lowering as there are also data to sup-
port the hypothesis that reduced PCSK9 function increases
pathogen lipid clearance via the LDLR and thereby decreases
the inflammatory response and improves outcomes in sepsis in
both mice and humans.' So far, several therapeutic strategies
have been developed to reduce circulating PCSK9; however,
monoclonal antibodies have emerged as the new class of drugs
that very effectively lower LDL-C levels, as well as levels of
other apolipoprotein B (apoB)-containing lipoproteins, such as
lipoprotein(a).’>1® During the time of this writing, 2 PCSK9
inhibitors, alirocumab and evolocumab, have been approved by
the US FDA as an adjunct to diet and maximally tolerated
statin therapy for treatment of adults with heterozygous famil-
ial hypercholesterolemia or clinical atherosclerotic cardiovas-
cular disease who require additional lowering of LDL-C levels,
as well as for treatment of adults with homozygous familial
hypercholesterolemia, as an adjunct to diet and on top of other
LDL-lowering therapies (eg, statins, ezetimibe, LDL aphere-
sis) when additional LDL lowering is required.

Alirocumab
As it is mentioned above, alirocumab is a human monoclonal

antibody that binds to PCSK9 and effectively lowers LDL-C

levels.

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) was a double-blind,
randomized, controlled trial of alirocumab (150 mg subcutane-
ously every 2 weeks) versus placebo for 78 weeks in 2341
patients at high risk of cardiovascular events, who were already
receiving the maximum tolerated doses of statins.!”

In the ODYSSEY LONG TERM trial, the PCSK9 inhibi-
tor alirocumab, administered on top of maximally tolerated sta-
tin therapy, with or without treatment with other lipid-lowering
drugs, caused an additional 61.9% reduction in LDL-C levels,
as compared with placebo. At week 24, 79.3% of the patients
treated with alirocumab, but only 8.0% of the patients in the
placebo group, achieved an LDL-C level <70 mg/dL (P <
.001). This effect of alirocumab on LDL-C reduction was con-
sistent from week 4 to week 78 of the trial and was similar in
patients with or without heterozygous familial hypercholester-
olemia. Furthermore, alirocumab, as compared with placebo,
reduced levels of non-HDL-C by 52.3%, apoB by 54%, total
cholesterol by 37.5%, lipoprotein(a) by 25.6%, and fasting tri-
glycerides by 17.3%. However, alirocumab, as compared with
placebo, increased levels of HDL-C by 4.6% and apolipopro-
tein Al by 2.9%.17

With respect to specific adverse events, the alirocumab
group had higher rates than the placebo group of injection-site
reactions (5.9% vs 4.2%), myalgia (5.4% vs 2.9%), neurocogni-
tive events (1.2% vs 0.5%), and ophthalmologic events (2.9% vs
1.9%).17 In general, however, the incidence of side effects of
alirocumab seems to be low and mainly limited to nasopharyn-
gitis, injection-site reactions, upper respiratory tract infections,
and influenza and back pain.!

In a post hoc analysis, alirocumab, as compared with pla-
cebo, reduced the rate of major adverse cardiovascular events
(MACE) (death from coronary heart disease [CHD], nonfatal
myocardial infarction [MI], fatal or nonfatal ischemic stroke, or
unstable angina requiring hospitalization) by 48% (1.7% vs
3.3%; 95% confidence interval [CI], 0.31-0.90; nominal P =
.02).7 In another very recent post hoc analysis from 10
ODYSSEY trials, greater percentage reductions in LDL-C
and lower on-treatment LDL-C levels were associated with a
lower incidence of MACE, including very low levels of LDL-C
(<50 mg/dL). More specifically, for every 39 mg/dL lower
achieved LDL-C, the risk of MACE appeared to be 24% lower
(adjusted hazard ratio [HR]: 0.76; 95% CI: 0.63-0.91; P =
.0025). Percent reductions in LDL-C from baseline were
inversely correlated with MACE rates (HR: 0.71 [0.57-0.89]
per additional 50% reduction from baseline; P =.003).1Y Again,
it has to be noted that these reported beneficial results of ali-
rocumab on cardiovascular outcomes should be interpreted
with caution because these aforementioned studies are post hoc
analyses and were not designed to look at outcomes.

Alirocumab was also proven to be effective in patients with
statin intolerance, achieving greater LDL-C reductions, as
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Table 1. List of trials included in this review and assessing the efficacy and safety of alirocumab therapy in patients with hypercholesterolemia.

STUDY

ODYSSEY
LONG TERM
trial'”

ODYSSEY
LONG TERM
trial'”

Ray et al'®

ODYSSEY
ALTERNA-
TIVE trial?®

ODYSSEY
CHOICE |
trial24

ODYSSEY
CHOICE Il
trial2s

ODYSSEY
Qutcomes
trial26

DESIGN

Phase 3, random-
ized, double-blind,
placebo-controlled
parallel group

Post hoc analysis

Post hoc analysis

Randomized,
double-blind,
double-dummy,
active-controlled
parallel group

Phase 3, random-
ized, double-blind,
placebo-controlled

Phase 3, random-
ized, double-blind,
placebo-controlled

Randomized,
double-blind,
placebo-controlled
parallel group

PARTICIPANTS

2341 patients at high risk of
CVD with LDL >70 mg/dL on
maximally tolerated dose of

statin with or without other
lipid-lowering therapy

2341 patients at high risk of
CVD with LDL >70 mg/dL on
maximally tolerated dose of

statin with or without other
lipid-lowering therapy

4974 patients (3182 taking
alirocumab, 1174 placebo,
618 ezetimibe)

(Pooled data from 10
ODYSSEY double-blind

trials—6699 patient-years of

follow-up)

361 patients with primary
hypercholesterolemia and
well-documented statin
intolerance

63 of those patients were
rechallenged with atorvas-
tatin

803 patients with hypercho-
lesterolemia at moderate to

very high cardiovascular
risk

233 patients with hypercho-

lesterolemia, not on statin
therapy, receiving fenofi-
brate or ezetimibe or diet
alone

Estimated enroliment of 18
600 patients who have

experienced an ACS event 4

to 52 weeks prior to
randomization and are

treated with evidence-based

medical and dietary

management of dyslipidemia

INTERVENTION

Alirocumab 150 mg SC
every 2 weeks for 78
weeks vs placebo

Alirocumab 150 mg SC
every 2 weeks for 78
weeks vs placebo

Alirocumab 75/150 mg
every 2 weeks or control
for 24 to 104 weeks,
added to background
statin therapy in 8 trials

Alirocumab vs ezetimibe

Alirocumab (as mono-
therapy or add-on to
statin therapy) 300 mg
Q4W, 75 mg Q2W or
placebo for 48 weeks,
with dose adjustment for
either alirocumab arm to
150 mg Q2W at week 12,
depending on cardiovas-
cular risk or LDL-C
reduction at week 8

Placebo, alirocumab 150
mg Q4W or 75 mg Q2W
with dose adjustment to
150 mg Q2W at week 12
if predefined LDL-C
target levels were not
met at week 8

Alirocumab vs placebo

RESULTS

Alirocumab caused a decrease in the
mean percentage change from
baseline in calculated LDL by 62% vs
placebo

Side effects: (alirocumab vs placebo)
Injection-site reactions: 5.9% vs 4.2%
Myalgia: 5.4% vs 2.9%
Neurocognitive events: 1.2% vs 0.5%
Ophthalmologic events: 2.9% vs 1.9%

Major adverse CV events (alirocumab
vs placebo): 1.7% vs 3.3% (HR: 0.52;
P =.02)

For every 39-mg/dL lower achieved
LDL-C, the risk of MACE appeared to
be 24% lower (HR: 0.76; P = .0025)
Percent reductions in LDL-C from
baseline were inversely correlated
with MACE rates (HR: 0.71 per
additional 50% reduction from
baseline; P = .003)

Alirocumab reduced mean LDL-C by
45.0% vs 14.6% with ezetimibe (mean
difference 30.4%; P < .0001)

Skeletal muscle—related events were
less frequent in the group of patients
treated with alirocumab, as compared
with the group of patients who were
rechallenged with atorvastatin (HR:
0.61; P =.042)

Treatment with alirocumab 300 mg
every 4 weeks led to an LDL-C
reduction in 52.7%, when alirocumab
was given as monotherapy, and to an
LDL-C reduction in 58.8%, when
alirocumab was given as add-on to
statin therapy

In the alirocumab 150 mg Q4W and 75
mg Q2W groups, least-squares mean
LDL-C change from baseline to week
24 was -51.7% and -53.5%, respec-
tively (placebo [+4.7%)]; both groups P
<.0001 vs placebo)

Alirocumab 150 mg Q4W can be
considered in patients not on statin
with inadequately controlled hyper-
cholesterolemia as a convenient
option for lowering LDL-C

The study is ongoing and will compare
the effect of alirocumab with placebo
on the occurrence of cardiovascular
events (composite endpoint of
coronary heart disease death,
nonfatal myocardial infarction, fatal
and nonfatal ischemic stroke, unstable
angina requiring hospitalization)

Abbreviations: ACS, acute coronary syndrome; CV, cardiovascular; CVD, cardiovascular disease; HR, hazard ratio; LDL, low-density lipoprotein; LDL-C, low-density
lipoprotein cholesterol; MACE, major adverse cardiovascular events; ODYSSEY LONG TERM, Long-Term Safety and Tolerability of Alirocumab in High Cardiovascular
Risk Patients with Hypercholesterolemia Not Adequately Controlled With Their Lipid Modifying Therapy; Q2W, every 2 weeks; Q4W, every 4 weeks; SC, subcutaneous;
ODYSSEY ALTERNATIVE, Study of Alirocumab in Patients With Primary Hypercholesterolemia and Moderate, High, or Very High Cardiovascular (CV) Risk, Who Are
Intolerant to Statins; ODYSSEY CHOICE |, Study to Evaluate the Efficacy and Safety of an Every Four Weeks Treatment Regimen of Alirocumab in Patients With Primary
Hypercholesterolemia; ODYSSEY CHOICE II, Phase Il Study To Evaluate Alirocumab in Patients With Hypercholesterolemia Not Treated With a Statin.
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compared with ezetimibe. More specifically, alirocumab
reduced mean LDL-C by 45.0% vs 14.6% with ezetimibe
(mean difference: 30.4%; P < .0001). Skeletal muscle—related
events were less frequent in the group of patients treated with
alirocumab, as compared with a group of patients who were
rechallenged with atorvastatin (HR: 0.61, P = .042).%0

The significant LDL-C reduction attained with alirocumab
may reduce or even obviate the need for lipoprotein apheresis
in certain patients with familial hypercholesterolemia. In one
study, lipoprotein apheresis was discontinued in 63.4% of
patients with heterozygous familial hypercholesterolemia on
alirocumab who were previously undergoing regular apheresis,
and the rate was at least halved in 92.7% of patients.?! It has
also been reported that the significant and persistent LDL-C
reduction achieved during treatment with alirocumab may lead
to regression and rapid resolution of xanthelasmas in patients
with familial hypercholesterolemia.??

The recommended starting dose of alirocumab is 75 mg
administered subcutaneously once every 2 weeks. If the
LDL-C response is inadequate, the dosage may be increased
to the maximum dosage of 150 mg administered every
2 weeks.?> However, monthly regimens of alirocumab admin-
istration have also been studied and proven effective. In the
Study to Evaluate the Efficacy and Safety of an Every Four
Weeks Treatment Regimen of Alirocumab in Patients With
Primary Hypercholesterolemia (ODYSSEY CHOICE 1)
trial,?* treatment with alirocumab 300 mg every 4 weeks led to
an LDL-C reduction of 52.7%, when alirocumab was given as
monotherapy, and to an LDL-C reduction of 58.8%, when
alirocumab was given as add-on to statin therapy. In the
Phase III Study To Evaluate Alirocumab in Patients With
Hypercholesterolemia Not Treated With a Statin (ODYSSEY
CHOICE 1I) trial,® it was shown that alirocumab 150 mg
every 4 weeks could also be considered in patients not on
statin with inadequately controlled hypercholesterolemia as a
convenient option for lowering LDL-C.

Conclusions and Future Directions

From the above review of the clinical data, it becomes appar-
ent that alirocumab, a PCSK9 inhibitor, used as monotherapy
or on top of statins and other lipid-lowering agents, very effec-
tively lowers LDL-C levels, as well as levels of all other apoB-
containing lipoproteins, including lipoprotein(a), with an
acceptable side effect profile. In addition, post hoc analyses
appear promising regarding the effect of alirocumab on the
reduction of cardiovascular risk. Nevertheless, the effect of ali-
rocumab (and PCSK9 inhibitors in general) on cardiovascular
morbidity and mortality has not been determined so far with
large, prospective, randomized trials. However, the results of a
large, ongoing outcome trial with alirocumab (ODYSSEY
Outcomes: Evaluation of Cardiovascular Outcomes After
an Acute Coronary Syndrome During Treatment With
Alirocumab)?® are ecagerly awaited and are expected to
provide invaluable data regarding the true clinical benefits

of alirocumab in the reduction of cardiovascular risk. This trial
is expected to enroll 18 600 patients and will compare the
effect of alirocumab versus placebo on the rate of cardiovascu-
lar events (CHD death, nonfatal MI, fatal and nonfatal
ischemic stroke, unstable angina requiring hospitalization) in
patients who had suffered an acute coronary syndrome (ACS)
event 4 to 52 weeks prior to randomization and are being
treated with modern, standard of care, evidence-based medical
therapy, as well as dietary management of dyslipidemia. The
results of this trial will likely be available in late 2017 or in the
first quarter of 2018.

A summary of the list of trials included in this review and
assessing the efficacy and safety of alirocumab therapy in
patients with hypercholesterolemia is shown on Table 1.
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