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ABSTRACT

Familial hypercholesterolemia (FH) is a genetically transmitted condition, wherein abnormally high levels of total cholesterol
and low density lipoproteins (LDL) are seen. Occurrence of premature cardiovascular complications is common, resulting in
significant morbidities and fatalities. Currently statins are the first-choice drugs to treat FH, given alone, or in combination
with other lipid lowering drugs. Alirocumab is a monoclonal antibody directed against PCSK9, a ‘gain-of-function’ mutation
of which is thought to be responsible for the defective processing of LDL cholesterol, resulting in lesser uptake of LDL-C into
the hepatocytes. It was approved by the US-FDA in July 2015 as a first-in-class drug, “for use in addition to diet and maximally
tolerated statin therapy in adult patients with heterozygous familial hypercholesterolemia (HeFH) or patients with clinical
atherosclerotic cardiovascular disease such as heart attacks or strokes, who require additional lowering of LDL cholesterol.”
It has to be administered subcutaneously every 2 weeks, and the dose is titrated as per need. Injection-site reactions, myalgia,
neurocognitive events, pruritus were the major adverse effects observed during clinical trials. Inhibition of PCSK 9 is a new
promising target for the treatment of patients with familial hypercholesterolemia.
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INTRODUCTION

Familial hypercholesterolemia (FH) is a genetically transmit-
ted condition, wherein abnormally high levels of total choles-
terol and low density lipoproteins (LDL) are seen. Patients
with FH are known to develop aggressive and premature
cardiovascular complications, increasing their likelihood
of developing significant morbidities and fatalities.!. The
inheritance is autosomal dominant, and along with marked
hypercholesterolemia,xanthomas are noted commonly on the
Achilles tendons and metacarpal phalangeal extensor ten-
dons of the hands of patients with untreated FH.??!
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PATHOPHYSIOLOGY OF FAMILIAL HYPERCHOLESTEROLEMIA

FH can be either homozygous (HoFH), which is the most
severe variety where there are mutations in both the alleles :
of the gene, or the more common heterozygous (HeFH) vari-
ety, where a single mutation is present, and is less severe than :
HoFH. Proprotein convertase subtilisin/kexin Type 9 (PCSK9) :
is one among the mutations that are known to play a role, and
is inherited in an autosomal dominant manner. PCSK9 has now :
merged as a new target for therapy in FH.™ :

CURRENT APPROACH TO MANAGEMENT

The target of treatment in FH was to reduce the LDL choles-
terol levels to below 130 mg/dL, or a 50% reduction from the :
baseline levels.®! Earlier, bile acid sequestrants were consid- :
ered as the first choice therapy, especially in children, due :
to the lack of systemic uptake of these drugs. However, the
efficacy being modest when compared to statins, these drugs '
gradually fell out of use as first-line drugs, and are now used :
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in combination with statins. Currently, statins (3-hydroxy-
3methyl-glutaryl-CoA reductase inhibitors) are the first choice
of drugs to treat HeFH.3* Ezetimibe, a first-in-class drug that
prevents cholesterol absorption in the small intestine, is used
either in combination with statins or alone in statin-intolerant
patients.B-5 The response to therapy is variable, and the fall in
LDL cholesterol may not be very high in patients with HoFH.
However, a reduction in cardiovascular events and mortality
has been observed with the use of statins in these patients.[®!
Newer therapeutic options include mipomersen—an antisense
oligonucleotide that targets the mRNA coding for a poB-100,
PCSK9 inhibitors, lomitapide—inhibits the microsomal tri-
glyceride transfer protein (MTP), which helps in the transfer
of triglycerides to apolipoprotein B and thereby in the produc-
tion of LDL cholesterol.l® In this review, we aim to explore the
therapeutic role of alirocumab, amonoclonal antibody directed
against PCSK9.

| WHAT IS Pcsk9?

PCSK9 (proprotein convertase subtilisin/kexin Type 9) belongs
to the serine protease family, and aids in the activation/
inactivation of other enzymes, growth factors, etc. In FH, a
“gain-of-function” mutation affecting PCSK9 is thought to be
responsible for its defective processing and functioning.”! It
binds to the LDL receptor (LDL-R) and promotes its intracellu-
lar lysosomal degradation via uptake into the hepatocytes. This
results in slower recycling of the LDL receptor, and thereby,
lesser uptake of LDL into the cell.®! This target may also play
a role in those patients who require intensive control of LDL
cholesterol.

Currently, different approaches to inhibit PCSK9 have
emerged, including gene silencing by the use of antisense
oligonucleotides and small interfering RNA (siRNA); mimetic
peptides that mimic PCSK9 to bind to the LDL-R; small molecule
inhibitors; and monoclonal antibodies including alirocumab,
evolocumab, and bococizumab.!”!

| Aurocumas

Alirocumab (formerly SAR236553/REGN727) is a fully human
monoclonal antibody against PCSK9, and prevents it from
acting on the LDL-R to bring about its degradation.[”) It was
approved by the US-FDA in July 2015 as a first-in-class drug,
“for use in addition to diet and maximally tolerated statin
therapy in adult patients with heterozygous familial hypercho-
lesterolemia (HeFH) or patients with clinical atherosclerotic
cardiovascular disease such as heart attacks or strokes, who
require additional lowering of LDL cholesterol.” The approval
followed evaluation of the drug in five phase 3, double-blind,
placebo-controlled trials that involved 2476 participants who
received alirocumab.!
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| THROUGH THE DEVELOPMENTAL PIPELINE

Preclinical Phase: A trial conducted in mice and nonhuman
primates, to study the effects of a PCSK9 neutralizing antibody
on the LDL cholesterol levels, demonstrated significant LDL
lowering effects. Both wild-type and genetically engineered mice
(LDLR, those mice without LDL receptors and with markedly
high LDL levels) were used in the study, and the LDL lowering
effect was not observed in the LDLR” type mice, implicating the
requirement of an intact LDL receptor for the beneficial effect.
This effect was also observed in Cynomolgus monkeys, wherein
a single dose of the antibody was seen to produce an 80% reduc-
tion in the LDL cholesterol levels, and the effect was seen to be
maintained for 10 days following the dose.['!]

Clinical Trials: Three phase 1 trials were carried out in both
healthy volunteers (two randomized, single ascending-dose
studies) and in patients with familial or nonfamilial hypercho-
lesterolemia (one randomized, placebo-controlled, multiple-
dose trial), demonstrated no discontinuation of the drug due to
adverse events. The principal secondary outcome to look at the
effect of REGN727 on the lipid profile, showed a significant fall
in LDL levels in both sets of patients.?! An open-label, random-
ized, phase 1 study was conducted in healthy subjects (18-45
years of age) with LDL cholesterol levels >95 mg/dL, with dif-
ferent sites of injection (abdomen, upper arm, or thigh) of a
single dose of alirocumab 75 mg. The dose was tolerated well,
and both pharmacokinetics as well as pharmacodynamics were
similar when the drug was given at the three sites, which impli-
cated that alirocumab could be given interchangeably at any of
the three sites.['*!

In a phase 2 trial (multicenter, randomized, placebo-
controlled), conducted in adults with HeFH,the subjects received
REGN727 150, 200, or 300 mg every 4 weeks, or 150 mg every
2 weeks, or placebo every 2 weeks (in addition to statin, with
or without ezetimibe). Along with the drug being well-tolerated,
a substantial lowering of LDL cholesterol was observed.'*
Another phase 2 trial (multicenter, double-blind, placebo-
controlled) that studied the effect of addition of SAR236553
to the statin dose, showed similar significant LDL cholesterol
lowering effect.[%

Three of the phase three trials, referred to as the ODYSSEY
phase 3 trials, were multicenter, multinational, randomized,
double-blind, placebo-controlled studies; the patients were
randomized in 2:1 ratio to either the alirocumab or the placebo-
groups. The studies were aimed at studying the efficacy and long-
term safety of alirocumab as a treatment option in patients with
HeFH.!"! The other two studies, referred to as ODYSSEY OPTIONS
studies (OPTIONS I & II studies), were designed along similar lines
and the key difference being OPTIONS I included patients spe-
cifically on atorvastatin at baseline with/without the addition of
ezetimibe, and OPTIONS II included patients on rosuvastatin at
baseline, again with/without the addition of ezetimibe.”!

The first report from the ODYSSEY studies, dubbed the
ODYSSEY MONO study wherein a comparison was made between
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alirocumab and ezetimibe, was given at the end of 24 weeks,
and it was observed that alirocumab showed a significantly
higher LDL cholesterol lowering capacity than ezetimibe.'® The
ODYSSEY LONG TERM trial included 2341 patients of which
1553 received alirocumab (150 mg every 2 weeks) and 788
received placebo, in addition to statin therapy. It was observed
that over the 78-week study period, addition of alirocumab to
maximum tolerated statin therapy produced a significant reduc-
tion in LDL cholesterol levels. A post hoc analysis also showed
a decrease in the rate of cardiovascular events among patients
that received alirocumab.*2°!

The results from the other two studies, the ODYSSEY FHI
and FHII, also showed similar results wherein a significant low-
ering of LDL cholesterol levels was observed with alirocumab.
Here, alirocumab was initially started at a dose of 75 mg every
2 weeks, increased to 150 mg if the LDL cholesterol at the 8th
week was 21.8 mmol/L (70 mg/dL). The fall in LDL choles-
terol was observed to be maintained throughout the 78-week
study period.?!l Also, other modified studies in the same pro-
gram, coded as ODYSSEY COMBO I and COMBO II, showed ali-
rocumab to have similar therapeutic advantage.?*?*! Results
from the ODYSSEY ALTERNATIVE study, which was designed to
evaluate the efficacy and safety of alirocumab, in patients with
well-documented statin intolerance, are yet to be published.**]
The ODYSSEY OPTIONS studies also demonstrated a favorable
outcome with alirocumab over doubling the atorvastatin dose or
addition of ezetimibe or even switching over to rosuvastatin.?!

Adverse Effects: Injection-site reactions, myalgia, neuro-
cognitive events (amnesia, memory impairment, confusional
state), pruritus, ophthalmologic events were the adverse effects
that were observed in patients receiving alirocumab across the
studies. Amnesia, memory impairment, and a state of confusion
were the neurocognitive events that occurred. However, these
did not classify as being ‘serious’ adverse events. Patients devel-
oped anti-drug antibodies across studies, but a reduction in the
response to treatment with alirocumab was seen in one patient
in one phase 3 study. No other specific safety issue was observed
in these patients who were positive for antidrug antibody.[2°-2225
Elevated alanine amino-transaminase was observed in a few
patients in one of the phase 3 studies.?*!

Recommended Dose and Regimen: It is marketed as a
single-dose prefilled syringe/pen for injection, in strengths of
either 75 mg/mL or 150 mg/mL. The recommended initial dose
is 75 mg subcutaneously every 2 weeks, which can be increased
to 150 mg/mL every 2 weeks, if the response (decrease in LDL
cholesterol) is inadequate.*”!

| CurrENT STaTUS OF ALIROCUMAB

Currently, of all the conventional drugs available to treat hyper-
cholesterolemia, statins bring about the maximum reduction in
LDL cholesterol levels. However, this effect is not seen in patients
with familial hypercholesterolemia, especially in those patients
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with HoFH.[?¢) The first statin (lovastatin) was approved in 1987,
on the basis of its effect in reduction of LDL cholesterol. In the
approval process of alirocumab, the same end point was used as
a surrogate measure of its clinical benefit.?’! A powered meta-
analysis of the safety and efficacy of PCSK9 inhibitors (both
alirocumab and evolocumab) that included 25 randomized
controlled trials, concluded that both drugs were safe, tolerated
well, and brought about favorable changes in the lipid profile.?l

The NICE guidelines for the identification and management
of FH recommends the initial use of statins, followed by the
addition of ezetimibe if statin monotherapy is ineffective, along
with dietary and lifestyle modifications. More often than not,
treatment once started has to be continued for life.?* Long term
use of statins is associated with adverse effects such as hepa-
totoxicity and myopathy?®) Ezetimibe monotherapy affords a
maximum effect of about 15-20% fall in LDL cholesterol levels,
and hence is usually used in combination with statins.[?¢!

Alirocumab by the inhibition of PCSK9, offers a new target,
and hence a new ray of hope for patients with familial hypercho-
lesterolemia especially in people with atherosclerosis who require
additional lowering of LDL cholesterol when diet and statin treat-
ment have not worked. However, subcutaneous injections and
the added health-care costs, as alirocumab is currently priced at
US$40 per day (which comes to US$14,600 per year), can appear
as a severe drawback to achieve patient compliance.*% Moreover,
its long term safety profile and evidence of its effectiveness in pre-
venting death and morbidity due to cardiovascular causes over
a prolonged time in these patients is yet lacking and warrants
further trials. This drug is not yet approved in India; owing to an
unmet medical need, clinical trials are expected to begin soon.
ODYSSEY OUTCOMES, a phase 3 cardiovascular outcomes trial
that will enroll about 18,000 patients and evaluate the effect of
alirocumab on the occurrence of cardiovascular event might shed
more light on this newer avenue for patients with FH.
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