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ABSTRACT

Objective: Treatment of dyslipidemia lowers cardiovascular (CV) risk. Although statin use is a corner-
stone therapy, many patients are not achieving their risk-specific low-density lipoprotein cholesterol
(LDL-C) goals. The proprotein convertase subtilisin/kexin type 9 (PCSK9) monoclonal antibodies have
been extensively studied as lipid-lowering therapy (LLT). Herein, we present an updated evidence-
based review of the efficacy and safety of PCSK9 monoclonal antibodies in the treatment of familial
and non-familial hypercholesterolemia.

Methods: PubMed database was searched to review Phase Il studies on PCSK9 monoclonal antibod-
ies. Then, the US National Institutes of Health Registry and the WHO International Clinical Trial Registry
Platform were searched to identify and present the ongoing research.

Results: PCSK9 monoclonal antibodies were investigated for the treatment of dyslipidemia, as a single
therapeutic agent or as an add-on therapy to the traditional LLT. They proved effective and safe in
the treatment of familial and non-familial hypercholesterolemia, and in the prevention of adverse CV
events.

Conclusions: The use of PCSK9 monoclonal antibodies in the treatment of dyslipidemia is currently
recommended to achieve risk-specific LDL-C goal to reduce adverse CV events. Future results of the

ARTICLE HISTORY
Received 2 April 2020
Accepted 22 July 2020

KEYWORDS

Alirocumab; anti-drug
antibody; bococizumab;
cardiovascular diseases;
evolocumab; hypercholes-
terolemia; neurocognitive;
PCSK9

ongoing research might expand their clinical generalizability to broader patient populations.

Introduction

It has been well established that lipid-lowering therapy (LLT)
targeting low-density lipoprotein cholesterol (LDL-C) lowers
cardiovascular (CV) risk. This is largely based on significant
benefits observed with statin therapy in the prevention of
primary and secondary atherosclerotic cardiovascular disease
(ASCVD)'. Although statins remain the cornerstone of LLT,
yet patients on statin therapy may still experience CV
events?, statin intolerance, or inability to achieve target LDL-
C levels despite maximally-tolerated doses. Thus, alternative
LLT to further decrease LDL-C levels and improve CV out-
comes has been investigated'. Ezetimibe in combination
with statin therapy has shown incremental lowering of LDL-C
levels and improvement in CV outcomes. However, such
improvements are modest and the overall outcome data on
ezetimibe monotherapy are scarce'. Monoclonal antibodies
are novel lipid-lowering agents that reduce LDL-C levels by
inhibiting proprotein convertase subtilisin/kexin type 9
(PCSK9). The currently available antibodies, alirocumab and
evolocumab, are fully human immunoglobulin-G (IgG) sub-
types’ and are approved by the Food and Drug
Administration (FDA) for heterozygous familial hypercholes-
terolemia (HeFH) and for the prevention of CV events in
patients with established cardiovascular disease (CVD).

Evolocumab is also indicated for homozygous familial hyper-
cholesterolemia (HoFH)’. International guidelines have been
updated to include PCSK9 antibodies in their recommenda-
tions®®. The development of a third PCSK9 antibody, bococi-
zumab, in advanced phase Il clinical trials was abandoned in
2016. After the completion of six bococizumab studies, an
unexpected attenuation of effect on LDL-C over time was
observed, in addition to high rates of injection-site reaction
due to high immunogenicity®. However, the development of
new investigational monoclonal antibodies to inhibit PCSK9
is well under way with promising initial results'®'>. This
review will discuss the efficacy and safety profile of PCSK9
monoclonal antibodies or inhibitors in the treatment of
familial and non-familial hypercholesterolemia. For the pur-
pose of this review, PCSK9 monoclonal antibodies or inhibi-
tors will be used interchangeably.

Materials and methods

Search strategy for studies on PCSK9 monoclonal
antibodies

PubMed literature search was carried out on 31 December
2019 for original trials, using broad MeSH terms in the
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Figure 1. Timeline of phase Il studies of alirocumab and evolocumab.

following search thread: ("alirocumab"” [Supplementary
Concept] OR "evolocumab" [Supplementary Concept] OR
"bococizumab" [Supplementary Concept]). The search was
limited to "Humans" and "Clinical Trial". The references’ lists
of the identified trials were manually searched to identify fur-
ther potentially useful articles. Several meta-analyses, pre-
specified, post hoc and pooled analyses of PSCK9 inhibitors
trials have been included to emphasize their findings. The
literature search was updated on March 1, 2020. Figure 1
presents the approximate publication period of time of
Phase IlI clinical trials discussed in the review.

Search strategy for registered clinical trials (ReCTs)

Literature search on the ongoing active research on PCSK9
monoclonal antibodies was conducted on 15 March 2020.
The search strategy included the individual agents separ-
ately: alirocumab and evolocumab. The United States (US)
National Institutes of Health Registry (http://clinicaltrials.gov/)
was searched for Phase lll trials and recruitment status of
“Active, not recruiting”, “Recruiting” and “Not yet recruiting”
and the World Health Organization (WHO) International
Clinical Trial Registry Platform (ICTRP) (http://www.who.int/
ictrp/network/en/) for Phase Il trials.

Mechanism of action of PCSK9 monoclonal
antibodies

The PCSK9 is a low-abundance circulating plasma protein
that is synthetized and secreted by hepatocytes'®. PCSK9
regulates LDL receptor (LDLR) on hepatocytes surfaces, which
is the primary receptor that is responsible for clearing the

circulating LDL particles by endocytosis. PCSK9 binds to
LDLR, stabilizes the LDL/LDLR complex and prevents LDLR
from being released from the endocytosed vesicle causing
lysosomal destruction of the LDLR and thus preventing its
recycling®'”. Subsequently, there is reduction in the LDLR
density on the hepatocytes surfaces which affects the ability
to eliminate the circulating LDL particles leading to an ele-
vated plasma cholesterol level'. Preclinical trials have shown
that PCSK9 has direct proinflammatory action on the vessel
walls which could be explained by its effect on LDLR-related
protein 1 (LRP1) which regulates plaque macrophages®.
PCSK9 circulating in the plasma has also been postulated to
flow through the arterial plaque adding up to the plaque
PCSK9 concentration which controls LDLR expression in the
atheroma and reduces levels of LRP1°. Increased LDLR
expression through the inhibition of PCSK9 will result in pro-
found uptake of lipoprotein cholesterol into the atheroma
theoretically while the reduction of LRP1 levels results in
induction of inflammation*°. Monoclonal antibodies such as
alirocumab and evolocumab, self-administered subcutane-
ously every two or four weeks, bind to PCSK9 preventing its
binding to LDLR. When PCSK9 is absent or its binding to
LDLR is inhibited, LDL is degraded while the LDLR can be
recycled then accumulate on the hepatocyte’s membrane
leading to an accelerated LDL clearance and reduced levels
in blood®. Accordingly, PCSK9 inhibition have two counter-
acting actions with a net effect of reduction of LDL-C levels
and atheroma volume®. An injection of monoclonal antibod-
ies can completely inactivate all the circulating PCSK9 within
hours>', and all the newly secreted PCSK9 after several
days®. Marked reduction in LDL-C levels starts one day after
an injection'®. Inhibition of PCSK9 can also be achieved by
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targeting PCSK9 synthesis in hepatocytes. Inclisiran, a long-
acting small interfering RNA (siRNA), that inhibits translation
of PCSK9 mRNA leading to a reduced PCSK9 synthesis.
Inclisiran is a valid alternative to PCSK9 inhibitors with an
advantage of twice-a-year injection to produce an LDL-C
reduction by 50% or more'®. Bempedoic acid is another
promising agent that could be a potential alternative to sta-
tins. It is an oral once-daily molecule that acts as an inhibitor
to adenosine triphosphate (ATP) citrate lyase. The latter is an
enzyme that upstream from 3-hydroxy-3-methylglutaryl-coen-
zyme A. Thus, reducing cholesterol synthesis'®"”.

Efficacy of PCSK9 monoclonal antibodies

The Phase | studies of evolocumab, alirocumab, and bococi-
zumab have shown reduction in LDL-C levels in healthy vol-
unteers and patients with familial and non-familial
hypercholesterolemia. They were generally effective, safe and
well-tolerated'®2°. Similar results have been obtained from
Phase Il studies, which are usually dose-finding, of alirocu-
mab?'?*,  bococizumab®*™%’, and evolocumab®®*3'. The
PCSK9 monoclonal antibodies have been studied in Phase llI
clinical trials for lipid, cardiovascular, and safety outcomes.
Data in HoFH are limited in general.

Lipid outcomes

For the purpose of Figure 2, when the monoclonal antibody
was tested in several arms i.e. in different strengths and/or
in combination with other LLT, the LDL-C values were aver-
aged using the values of different arms of the Phase lll trials
presented in the review.

Primary hypercholesterolemia

Primary hypercholesterolemia is defined as blood cholesterol
measurement >5.17 mmol/L (200mg/dL) that could be
attributed to genetics, obesity, or dietary intake2. In patients
with primary hypercholesteremia in the absence or presence
of various CV risk levels, who have not reached their CV risk-
specific LDL-C goals, the effect of PCSK9 inhibitors on LDL-C
levels has been extensively studied as monotherapy, in statin
intolerance, or as an add-on to diet-alone or other LLT such
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as statins, ezetimibe, fenofibrate. Several studies have shown
that alirocumab and evolocumab significantly reduce LDL-C
levels at Weeks 1232737, 2438742 5293743 566 784748 9g%9,
and 104°° of therapy. In most trials*®*®>°>2  authors
adopted the 2011°% and 2012°* European guidelines’ defini-
tions of CV risk categories. Patients with very high CV risk
are defined, as per studies, to have a documented coronary
heart disease (CHD) or CHD risk equivalents such as type 1
(T1DM) or 2 (T2DM) diabetes mellitus (DM) with target organ
damage, ischemic stroke, peripheral artery disease (PAD), or
carotid artery occlusion >50% without symptoms, carotid
endarterectomy or carotid artery stent procedure, or renal
artery stenosis or renal artery stent procedure. High CV risk
are defined as patients with no history of CVD or CHD but
with other risk factors such as calculated 10-year risk of fatal
CVD using the European Systematic Coronary Risk Evaluation
(SCORE) score of >5% (although the guidelines specified
>5% and < 10%), T1IDM or T2DM without target organ dam-
age, moderate chronic kidney disease (CKD). Moderate CV
risk is defined as SCORE score of >1 and < 5%, On the
other hand, the 2018 American guidelines’ defined very
high-risk patients to have a history of multiple major ASCVD
events or one major ASCVD event and multiple high-risk
conditions such as age >65years, HeFH, history of coronary
artery bypass surgery or percutaneous coronary intervention
outside of the major ASCVD event(s), DM, hypertension, CKD
(eGFR 15-59 mL/min/1.73 m?) , current smoking persistently
elevated LDL-C (LDL-C>2.6mmol/L (100 mg/dL) despite
maximally tolerated statin therapy and ezetimibe or history
of congestive heart failure. It is worth nothing that the 2019
European guidelines® re-defined very high risk CV category
to include family history with ASCVD or with another major
risk factor, and moderate risk CV category to include young
patients (TIDM < 35years, T2DM < 50 years) with DM dur-
ation of < 10years and without other risk factors.

Short-term trials (< 12 weeks)

The LAPLACE-2*® study (n=2067) enrolled patients with
primary hypercholesterolemia and mixed dyslipidemia.
Evolocumab 140 mg every 2 weeks (Q2W) or 420 mg monthly
(QM), on top of moderate-intensity statins reduced LDL-C
by 59-66% or by 62-65%, respectively. When added to
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Figure 2. Approximate LDL-C reductions in phase Il trials.
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high-intensity statins, Q2W dose reduced LDL-C by 86-90%,
while QM dose reduced the levels by 93-95%. Around
86-94% of the patients on evolocumab and 17-62% on eze-
timibe achieved LDL-C level < 1.8 mmol/L (70 mg/dL) regard-
less of the statin therapy used. In the large MENDEL-2*’
monotherapy trial (n=612), the biweekly and monthly evolo-
cumab decreased LDL-C levels from baseline by an average
of 57 and 56.1% compared to 17.8 and 18.6% for ezetimibe
or to 0.1 and 1.3% for placebo (p<.001, all comparisons),
respectively. There were higher rates in patients achieving
LDL-C level <1.8mmol/L (70mg/dL) in the evolocumab
groups (69%) than ezetimibe (1%) or placebo (1%) groups.
Kiyosue et al.>* in the Japanese YUKAWA Il study (n=409),
recruited high CV risk patients with hyperlipidemia and
mixed dyslipidemia. Evolocumab 140 mg Q2W or 420 mg QM
on top of atorvastatin 5 or 20 mg reduced LDL-C by an aver-
age of 67-76%. When studied in patients during hospitaliza-
tion due to acute coronary syndrome (ACS) in the
EVOPACS®® study (n=308), evolocumab 420mg QM for 2
doses added to high-dose statin resulted in a difference in
mean percentage change from baseline of —40.7% (p <.001).
In the evolocumab group, around 95.7% of patients achieved
LDL-C levels < 1.8mmol/L (70 mg/dL) by Week 8 versus
37.6% in the placebo group. The BERSON>® trial (n=981)
evaluated the efficacy and safety of evolocumab (140mg
Q2W or 420mg QM) combined with atorvastatin in T2DM
patients with hyperlipidemia and mixed dyslipidemia.
Evolocumab was well-tolerated and significantly decreased
LDL-C levels by >70% in both dosing regimens (p <.0001).
In a similar patient population in the BANTING® trial
(h=421), evolocumab (420mg QM) on top of statins
reduced LDL-C by a mean of 54.3% compared to 1.1% in pla-
cebo group (p<.0001) with significantly more patients
achieved LDL-C< 1.8 mmol/L (70 mg/dL); 84.5 versus 15.4%,
respectively. Evolocumab had no negative impact on gly-

cemic parameters in  both trials after 12weeks of
treatment®®’.
24-Week trials
In ODYSSEY EAST*® (n=615), ODYSSEY KT*' (n=199),

ODYSSEY OPTIONS I°' (n=355) and ODYSSEY OPTIONS II°*
(h=1305) trials, alirocumab 75 mg Q2W (75Q2W), increased to
150mg Q2W (150Q2W) at Week 12 if LDL-D was >
1.8mmol/L (70 mg/dL) at Week 8, was studied in patients
with very high CV risk and LDL-C levels >1.8 mmol/L (70 mg/
dL) or with high CV risk and LDL-C levels >2.6 mmol/L
(100 mg/dL) despite maximumly tolerated statin therapy. In
ODYSSEY EAST® trial that was conducted in three Asian
countries (China, India, Thailand), there were reductions in
LDL-C levels by 56 versus 20.3% with alirocumab versus eze-
timibe (p <.0001). The ODYSSEY KT*' trial enrolled patients
from South Korea and Taiwan who were on atorvastatin 40
to 80mg, rosuvastatin 20, or simvastatin 40 mg. The least-
squares mean percentage change in LDL-C from baseline
was —57.1% in alirocumab group and +6.3% in placebo
group, with a difference between groups of —63.4%
(p <.0001). In ODYSSEY OPTIONS I°" trial, alirocumab as an

add-on to atorvastatin 20mg and 40 mg reduced LDL-C lev-
els by 44.1 and 54.0% compared to 20.5 and 22.6% with eze-
timibe (p <.001, both comparisons), respectively. Switching
atorvastatin 40mg to rosuvastatin 40mg in a third arm
resulted in 21.4% reduction, while doubling atorvastatin dose
in the fourth arm yielded an average of 5% reduction in
baseline LDL-C levels. In ODYSSEY OPTIONS II°? trial, alirocu-
mab was added to either rosuvastatin 10mg or 20mg. In
rosuvastatin 10 mg arm, alirocumab reduced LDL-C levels by
50.6% compared to 14.4% in ezetimibe group or 16.3% by
doubling rosuvastatin dose (p <.0001). In rosuvastatin 20 mg
arm, alirocumab reduced LDL-C levels by 36.3% compared to
11% in ezetimibe group (p=.0136) or to 15.9% in double-
dose rosuvastatin group (p=.0453). In the four aforemen-
tioned studies®'°'°**® the reductions were observed at
Week 4 and maintained through the study duration with an
average of 80% or more of the patients on alirocumab
achieving LDL-C< 1.8mmol/L (70 mg/dL). ODYSSEY DM-
INSULIN®® trial (n=517), in diabetics (types 1 and 2) with
hypercholesterolemia and high CV risk on insulin and statins
with or without other LLT, showed a least-squares mean per-
centage change in baseline LDL-C of —50.1% with alirocu-
mab (75Q2W) versus —1.3% with placebo (p <.0001). The
difference between the groups was —49.0% in T2DM and
—47.8% in T1IDM (p <.0001). The reductions were similar
regardless of disease state or age. In ODYSSEY DM-
DYSLIPIDEMIA®® trial (n=413), patients with T2DM and
mixed dyslipidaemia with ASCVD or at least one additional
CV risk factor were randomized to alirocumab (75Q2W) or
usual care (maximally tolerated statins with other LLT; fenofi-
brate, ezetimibe, omega-3 fatty acid, nicotinic acid). The
mean non-high-density lipoprotein cholesterol (non-HDL-C)
reduction was —37.3% in alirocumab group versus —4.7%
(difference of —32.5%, p<.0001) with >66% of patients
achieving non-HDL-C level of 2.6mmol/L (100 mg/dL).
Alirocumab also reduced LDL-C levels by 43%. In the trials
that evaluated the every-4-week (Q4W) dose, alirocumab has
shown similar outcomes. In ODYSSEY CHOICE IP® trial
(n=233), moderate, high, and very high CV risk patients
with hypercholesterolemia receiving fenofibrate or ezetimibe
or diet-alone, were randomized to alirocumab 150 mg Q4W
(150Q4W) or 75Q2W increased to 150Q2W at Week 12, if tar-
get LDL-C was not achieved at Week 8 (75/150mg). The
least-squares mean LDL-C changes was —51.7% (150Q4W)
and —53.5% (75Q2W) versus placebo +4.7% (p <.0001, both
comparisons). The reductions were observed at Week 4 and
maintained through the study duration with 63.9% (150Q4W)
and 70.3% (75Q2W) of patients on alirocumab achieving
LDL-C target versus 1.8% on placebo. ODYSSEY MONO®° trial
(n=103), the first study to test alirocumab in patients on no
LLT, showed that patients on alirocumab (75Q2W) had a
47.2% reduction in LDL-C compared with a 15.6% with ezeti-
mibe (p<.0001). A post-hoc pooled analysis®® from nine
randomized, double-blind, placebo- or ezetimibe-controlled,
24- to 104-week ODYSSEY Phase lll trials evaluated add-on
alirocumab to statins in regimens of 150Q2W and 75/150 mg.
The observed change in LDL-C level was —61.5% with aliro-
cumab 150Q2W versus —1.0% with placebo, —46.4% with



alirocumab 75/150mg versus +6.3% with placebo, and
—48.7% with alirocumab 75/150 mg versus —20.6% with eze-
timibe. Without statins, an LDL-C change of —54.9% was
observed with alirocumab versus +4% with ezetimibe.
Patients on alirocumab were more likely to achieve LDL-
C<1.8mmol/L (70mg/dL) and < 1.42mmol/L (55 mg/dL). At
Week 8, around 16.3% of patients on alirocumab 75Q2W and
statins required dose increase to 150Q2W, while 34.8% aliro-
cumab 75Q2W without statins required dose adjustment.

Longer-term trials (>48 weeks)

Evolocumab 420 mg Q4W combined with diet-alone or with
atorvastatin 10mg or 80mg (with or without ezetimibe),
showed an average of 57% (p <.001) reduction in LDL-C at
Week 12 maintained through Week 52 when studied in
hyperlipidemic patients with CV risk in the DESCARTES** trial
(n=900). Around 82.3% of patients on evolocumab achieved
LDL-C level < 1.8 mmol/L (70 mg/dL) versus 6.4% on placebo.
In the diet-alone group, the least-square mean reduction in
LDL-C was 55.7%, in the atorvastatin 10mg group was
61.6%, in the atorvastatin 80 mg group was 56.8% and in the
atorvastatin 80 mg plus ezetimibe 10mg group was 48.5%
(p <.001, all comparisons). The ODYSSEY COMBO I** trial
(n=316) in hypercholesterolemic patients at high CV risk,
showed estimate mean difference in baseline LDL-C of
—45.9% (p<.0001) with alirocumab 75Q2W at 24 weeks.
Furthermore, 75% of patients achieved LDL-C < 1.8 mmol/L
(70 mg/dlL) in alirocumab group compared to 9% in the pla-
cebo group. The reductions were sustained till Week 52. In
ODYSSEY CHOICE 1*¢ trial (n=2803) in hypercholesterolemic
patients at moderate-to-very-high CV risk, alirocumab 300 mg
Q4W without statins showed mean LDL-C change from base-
line by —52.7% compared to +0.3% with placebo (p <.0001)
at Week 24. While those on statins showed a mean change
of —58.8% compared to —0.1% with placebo (p <.0001). The
results were maintained through Week 48 in both groups.
When compared to ezetimibe in hypercholesterolemic
patients at high CV risk in the ODYSSEY COMBO II°° trial
(hn=720), alirocumab 75Q2W reduced LDL-C by a mean of
50.6% as compared to a mean of 20.7% with a difference of
—29.8% (p<.0001) at Week 24. The reductions were sus-
tained till Week 52 and the percentage of patients who
achieved LDL-C < 1.8 mmol/L (70 mg/dL) was 77% on alirocu-
mab versus 45.6% on ezetimibe (p <.0001).

Familial hypercholesterolemia

Alirocumab 150Q2W when added to statin therapy in
ODYSSEY HIGH FH*’ trial (n=107) in patients with HeFH and
LDL-C>4.14mmol/L (160 mg/dL), resulted in a percent
change in LDL-C from baseline of —45.7% compared to
—6.6% by placebo with least-square mean difference
between the groups of —39.1% (p <.0001). Forty one per-
cent of the patients on alirocumab achieved LDL-C risk-spe-
cific goals versus 5.7% in the placebo group at Week 24.
These reductions were maintained through the treatment
phase of 78 weeks. At a dose of 75/150mg in patients with
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HeFH in ODYSSEY FH | and FH 118, alirocumab on top of
maximally tolerated statins led to 57.9 and 51.4% (p <.0001)
reduction in LDL-C at Week 24, respectively, and were main-
tained up to week 78. After 78 weeks, the reductions were
51.8 and 52.1% from baseline LDL-C levels. The percentage
of patients who achieved LDL-C levels < 1.8 mmol/L (70 mg/
dL) was 59.8 and 68.2% versus 0.8 and 1.2% in placebo,
respectively. Evolocumab 420 mg Q4W on top of stable LLT,
reduced baseline LDL-C by 30-9% (p <.0001) in 50 patients
with HoFH at 12weeks in the TESLA-B trial®*>. In an open-
label single-arm TAUSSIG®' trial (n=300), evolocumab over
4years was well-tolerated and effective in patients with
HoFH (35%) and severe HeFH (65%) who completed Part A
or B of the TESLA study. At Week 12 and 216, relative reduc-
tions in LDL-C were smaller in patients with HoFH (-21.2 and
—24%, respectively) as compared with that in patients with
severe HeFH (-54.9 and —47.2%, respectively). When studied
in RUTHERFORD-23¢ trial (n=331) which recruited patients
with HeFH and LDL-C > 2.6 mmol/L (100 mg/dL), evolocumab
reduced baseline LDL-C by 61:3% with 420mg QM and
59-2% with 140mg Q2W (p <.0001, for both against pla-
cebo) at Week 12. In an analysis®® of patients with HeFH
(n=1257) in 4 double-blind, randomized, placebo-controlled,
78-week ODYSSEY studies (HIGH FH*, FH | and 1I*, and
LONG TERM®®) a mean percent change in baseline LDL-C of
—43.6% was observed with alirocumab 75Q2W at Week 12,
increased to —48.8% with alirocumab (75/150mg) at Week
24. Mean changes of —57.1% at Week 12 and —55.0% at
Week 24 were observed with 150Q2W (p <.0001). Around
75.3% (75/150mg) or 64.5% (150 mg) of patients achieved
their LDL-C goal of 1.8 or 2.6 mmol/L (70 or 100 mg/dL)
based on CV risk by Week 24 and maintained it up to Week
78. In ODYSSEY OLE* trial (n=986), the mean LDL-C level
reduction of 44.2% was observed in patients in alirocumab
groups (75mg or 150 mg Q2W) by Week 8 which increased
to 47.9% by Week 96. Alirocumab use for 18 weeks in apher-
esis-treated patients with HeFH was safe and effective in
ODYSSEY ESCAPE®* trial (n=62). Lipoprotein apheresis can
decrease lipoproteins’ levels but is an invasive procedure. As
compared to the placebo, there was a 75% additional reduc-
tion in the standardized rate of apheresis. A percentage of
63.4% of patients avoided all and 92.7% avoided at least half
of the lipoprotein apheresis treatment. The open-label DE
LAVAL®® study (n=36) showed that evolocumab significantly
reduced apheresis requirement as well. The patients were
randomized to either discontinue pheresis and receive evolo-
cumab (140mg Q2W) or continue pheresis frequency. At
Week 6, 84% versus 10% avoided apheresis (treatment differ-
ence, 74%, 95% confidence interval (Cl) 45 —87; p <.0001).
Furthermore, in the recent TAUSSIG®' trial (n = 300), lipopro-
tein apheresis was used by 61 patients. Of the 34 patients
with HoFH and the 27 with HeFH 9% and 48% were able to
stop apheresis treatment when evolocumab was used,
respectively.

Mixed populations
In Alirocumab expanded-use program®?, an open-label single
arm trial, in patients with HeFH and/or CHD and baseline
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LDL-C of >4.14mmol/L (160 mg/dL) on LLT, a reduction of
55% in LDL-C level was observed with alirocumab 150Q2W
arm by Week 24. The single-arm ODYSSEY APPRISE®® study
(n=955) is the first study in a real life setting prior commer-
cial availability of alirocumab in subjects (63% with HeFH;
68% with a history of CVD) inadequately controlled on their
maximally-tolerated LLT. In the interim data of the first 843
patients, LDL-C level reduction from baseline was 56% at
Week 12. The ODYSSEY JAPAN® trial (n=216) was a
randomized double-blind trial in Japanese patients with
HeFH or non-FH and at high CV risk who were on stable sta-
tins. Alirocumab (75/150mg) at Week 24, showed a least-
square mean change in baseline LDL-C of —62.5% versus
+1.6% in placebo with 96.7% of patients achieving their
LDL-C goals. An average reduction of 62.5% was maintained
for 52 weeks. A post hoc analysis®’ of the diabetic patients in
ODYSSEY JAPAN showed a least-square mean change in
baseline LDL-C of —63.1% in DM versus —60.8% in non-DM
at Week 24, which was maintained for 52 weeks with similar
percentage of patients attaining their LDL-C goals as in the
parent trial. The ODYSSEY NIPPON®® trial (n=163) was
another one conducted in Japanese patients with either
HeFH or non-HeFH with CHD who were on lowest-strength
atorvastatin (5mg per day) or non-statin LLT. At Week 12,
the least-square mean percent change in LDL-C from base-
line was —43.8% with alirocumab 150Q4W, —70.1% with
150Q2W, and —4.3% with placebo. The study continued as
52-week open-label treatment period and the patients
received 150Q4W with possible up-titration to 150Q2W at
Week 24. The mean LDL-C change from baseline was
—45.1% at Week 20, with a further reduction at Week 36,
with achieved levels maintained to Week 64. In a pooled
analysis®® of eight ODYSSEY Phase Il trials (n=4629) in
patients with HeFH at high CV risk on maximally tolerated
statin therapy, LDL-C reduction by 48.9% was observed in
75/150mg arms versus 9.3% with ezetimibe and 60.4% in
150Q2W arms versus 0.5% increase with placebo (p <.0001,
all comparisons) at Week 24. The LDL-C reductions appeared
as early as Week 4 and maintained up to the studies’ dura-
tions. The percentage of patients who achieved risk-based
LDL-C goals of 1.8 or 2.6 mmol/L (70 or 100 mg/dL) by Week
24 was 75-79% on alirocumab versus 52% on ezetimibe and
6-8% on placebo. In PROFICIO’® (n=3146), a pooled analysis
of four randomized Phase Il evolocumab 12-week trials
(LAPLACE-2*3, RUTHERFORD-2°, MENDEL-2*/, GAUSS-2"")
that included patients with FH, primary hypercholesterolemia
with different CV risks and prior statin intolerance, evolocu-
mab as compared to placebo resulted in mean percent
changes in LDL-C of —65.7% for the Q2W dose and —65.0%
for the QM dose. Compared to ezetimibe, the mean percent
changes in LDL-C was —38.9% for Q2W and —40.3% for QM.
There were no differences between evolocumab and placebo
or ezetimibe across the various subgroups i.e. age, gender,
race, ethnicity, region, glucose tolerance status, or risk cate-
gories. In an analysis’? of the efficacy of biweekly and
monthly evolocumab in hypercholesterolemic patients
(n=1148) from four Phase Ill randomized trials; LAPLACE-233,
RUTHERFORD-2%¢, MENDEL-2*”, GAUSS-2”") who had fasting

triglyceride (TG) levels of >1.7 mmol/L (150 mg/dL), a mean
percentage change in LDL-C of —67% versus placebo and
—42% versus ezetimibe was observed (p <.001, all compari-
sons), which was similar to the observed LDL-C reductions in
patients without elevated TG levels.

Statin intolerance

It is estimated that about 10 of patients may be unable
to tolerate any dose of statins (i.e. complete intolerance) or
the dose that effectively reduces LDL-C (i.e. partial intoler-
ance). More than half of the patients who experience statin-
related adverse effects, discontinue their statin therapy. Thus,
this precludes patients from achieving the target LDL-C
level®, and exposing high CV risk patients to increased risk of
mortality or adverse CV events®. Statin adverse muscle symp-
toms are considered the most predominant cause for statin
discontinuation®”.

Therapy with PCSK9 inhibitors has been effective and well
tolerated in statin-intolerant patients in the short-term
(12-24 weeks)”"”*”7 or longer-term (up to two years)’® piv-
otal trials. Statin-intolerance in such trials was defined as the
inability to tolerate two or more statins at the lowest avail-
able dosage’"”®”7. Evolocumab therapy in three randomized
double-blind trials, the 12-week Phase Il (GAUSS; n=236)"4,
the Japanese 12-week Phase Il (GAUSS-4; n=61)"" and the
24-week Phase Il (GAUSS-2; n=307)"", significantly reduced
LDL-C levels and was associated with short-term tolerability.
The efficacy and safety persisted over 24 weeks then up to
two years, as shown in the two-stage GAUSS-3"° (n=491)
trial and the subset analysis’® of the OSLER open-label exten-
sion studies, respectively. In GAUSS-2”" and GAUSS-37° trials,
evolocumab reduced LDL-C by 53 to 56 and 52.8% (p <.001,
both comparisons), respectively. Adverse muscle events
occurred in 12 and 20.7% of patients on evolocumab as
compared to 23 and 28.8% of patients on ezetimibe, respect-
ively. In the GUASS-4"° trial, the percent change in mean
LDL-C was —40.1% as compared to ezetimibe (adjusted
p <.0001) with diarrhea (9.5%) and nasopharyngitis (12.5%)
being the most common adverse events. Similarly, alirocu-
mab in the ODYSSEY ALTERNATIVE’’ trial (n =314) was well-
tolerated and produced significant reductions in LDL-C levels
by 45% (p <.0001) at Week 24 in patients with statin intoler-
ance due to muscle symptoms. Skeletal muscles adverse
events were less frequent with alirocumab as compared
to ezetimibe (hazard ratio (HR), 071, 95% CI
0.47 — 1.06, p =.096).

73,74

Cardiovascular outcomes

The use PCSK9 inhibitors has been associated with a benefit
in CV outcomes. One interpretation of the potential mechan-
ism is their ability to lower the atherogenic lipids levels
(namely LDL-C, non-HDL-C, lipoprotein(a) (Lp(a))’®. A number
of studies has shown that PCSK9 inhibitors had significant
reduction in atherogenic lipid fractions i.e. LDL-C, non-HDL-C,
apolipoprotein-B (apo-B), and Lp(a) levels. In a post hoc ana-
lysis of a Phase Il trial, alirocumab reduced total LDL particle



(LDL-P) and very-low-density lipoprotein (VLDL), and
increased HDL particles by 63.3, 36.4, and 11.2% (p < .01, all),
respectively®®. Evolocumab in the BERSON®® trial, BANTING
trial®” and a post hoc analysis®' of the DESCARTES trial sig-
nificantly decreased the serum levels and size of the lipopro-
tein particles. Both alirocumab and evolocumab caused
significant reduction in LDL-apoB>%%%#3 by 56.3% each®* and
Lp(a)*®8*8 by 23.0-30.30%3%*%> and 24.5-29.5%°, respect-
ively. In a recent pre-specified analysis®” of the ODYSSEY
OUTCOMES trial, a reduction in Lp(a) was an independent
factor of lowering the risk of major adverse CV events
(MACE), and that a 1 mg/dL reduction in Lp(a) was associated
with an HR of 0.994 (95% Cl, 0.990 —0.999, p=.0081). In
addition, there has been a positive correlation between
plasma levels of PCSK9 and the carotid intima media wall
thickness®®, the platelet count in patients with coronary
artery disease (CAD)®°, and the necrotic core tissue fraction
within the coronary plaques®, suggesting that the PCSK9
protein may have a key modulating effect in atheroscler-
osis”!. The GLAGOV®? trial (n=968) has confirmed that evo-
locumab in addition to statin therapy led to significant
reduction in atheroma volume and induced plaque regres-
sion in higher percentage of patients. Alirocumab was eval-
uated in the Japanese Phase IV ODYSSEY J-IVUS® study
(h=206) which enrolled hypercholesterolemic patients
recently hospitalized with ACS. Using intravascular ultrasound
imaging analysis, there was a numerically more percent
reduction in normalized total atheroma volume which did
not reach the statistical significance. It remains to be estab-
lished whether PCSK9 inhibition has important clinical effects
on arterial stiffness, endothelial function, and inflammatory
responses. Circulating PCSK9 was significantly associated
with arterial stiffness®® and drove a pro-inflammatory
response on macrophage that stimulates cytokines®. To
date, two patient cases have reported with impressive results
on the use of PCSK9 inhibitors through improvement in
carotid-femoral pulse wave velocity®®. Two-month use of alir-
ocumab has improved endothelial function as assessed by
brachial artery vasoreactivity test”’.

Prior to the major clinical outcome trials, FOURIER®® and
ODYSSEY OUTCOMES®®, findings from the published evi-
dence gave an important signal that the reduction of LDL-C
using PCSK9 inhibitors lowered the adverse CV events. In the
OSLER™® study (n=4465), evolocumab as compared to the
control group reduced LDL-C by 61% (p <.001) and adverse
CV events rate by 53% (HR, 047, 95% Cl 0.28 —0.78;
p=.003) after one year of treatment. Alirocumab in the
ODYSSEY LONG TERM®® trial (n=2341) over a period of
78 weeks, significantly reduced LDL-C by 62% (p <.001) and
in a post hoc analysis of it, there was an evidence of a reduc-
tion in the rate of MACE (HR, 0.52, 95% Cl 0.31 — 0.90; nom-
inal p=.02). A post hoc analysis'®' from ten ODYSSEY trials
(hn=4974), showed that the incidence of MACE was reduced
by 24% for every 39 mg/dL reduction in LDL-C (adjusted HR,
0.76, 95% ClI 0.63 —0.91; p=.0025) and by 29% for every
additional 50% reduction in LDL-C from baseline (HR, 0.71,
95% Cl 0.57—0.89; p=.003). A meta-analysis'®® of 24
randomized control trials (RCTs) (n=10,159) showed that the
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use of PCSK9 inhibitors was associated with reductions in
LDL-C by 47.49% (p <.001), all-cause mortality (odds ratio
(OR), 0.45, 95% Cl 95% 0.23 —0.86; p=.015; heterogeneity
p=.63; F=0%), Ml (OR, 0.49, 95% Cl, 0.26 —0.93; p=.03;
heterogeneity p=.45; ¥=0%), and CV mortality (OR, 0.50,
95% Cl, 0.23 —1.10; p=.084; heterogeneity p=.78; ? =0%)
compared with no PCSK9 inhibitors treatment. A study'®?
predicted the individual lifetime benefit of PCSK9 inhibition,
expressed in terms of gain in life expectancy free of (recur-
rent) stroke or MI, in statin-treated patients with stable CAD
based on competing two risk models developed in data
from the Treating to New Targets (TNT) trial. The individual
lifetime benefit varied substantially, ranging from
<6months free of stroke or Ml in 61% of patients to
>12months in 10% of patients. The expected benefit was
the highest in younger patients (aged 40 — 60 years) with risk
factors, especially if LDL-C level is >1.8 mmol/L (70 mg/dL).
Three Phase IIl trials, FOURIER®®, ODYSSEY OUTCOMES®,
and SPIRE'®, investigated PCSK9 inhibitors in patients with a
history of clinically evident CVD. The FOURIER trial
(n=27,564) randomized patients with stable ASCVD and fast-
ing LDL-C level > 1.8mmol/L (70mg/dL) or non-HDL
>2.6mmol/L (100mg/dL) who were on statin therapy. At
Week 48, evolocumab 140 mg Q2W or 420 mg QM, reduced
LDL-C by 59% compared to placebo. The primary outcome
of a composite of CV death, MI, stroke, hospitalization for
unstable angina (UA), or coronary revascularization was sig-
nificantly lower (HR, 0.85; 95% Cl, 0.79 — 0.92; p <.001) at a
median duration of follow-up of 2.2years®® (Table 1). The
reduction of the composite of CV events was greater in
patients with high-risk features i.e. more recent Ml (HR, 0.80,
95% Cl, 0.71—0.9), multiple prior Ml (HR, 0.82; 95% Cl,
0.72 — 0.93), and residual multivessel CAD (HR, 0.79; 95% Cl,
0.69 — 0.91) with absolute risk reductions that exceeded 3%
(3.4, 3.7, and 3.6%, respectively) versus around 1% in the
low-risk groups (0.8, 1.3, and 1.2%)'%. A Pre-specified sec-
ondary analysis'® of the FOURIER trial evaluated the effect
of evolocumab on total CV events. The total CV events were
reduced by 18% (incidence rate ratio (RR), 0.82; 95% Cl, 0.75-
0.90; p <.001) which was driven by decreases in MI, stroke,
and coronary revascularization. In another secondary ad hoc
analysis'® of the FOURIER trial, the reduction of adverse CV
events was equally effective in patients with stable ASCVD
regardless of the baseline LDL-C whether it was <1.8 mmol/L
(70 mg/dL) or the background statins whether it was of a
maximal or submaximal potency. Thirteen percent of patients
in the FOURIER trial had PAD; evolocumab significantly low-
ered the primary end point in PAD patients (HR, 0.79; 95% ClI
0.66 — 0.94; p=.0098) and the risk of major adverse limb
events in all patients (HR, 0.58; 95% Cl, 0.38—0.88;
p =.0093). The reduction in LDL-C levels lowered the risk of
major adverse limb events'®. Evolocumab induced a relative
reduction in venous thromboembolism (VTE) events by 29%
(HR, 0.71; 95% Cl, 0.50-1.00; p=.05) in the first year and by
46% (HR, 0.54; 95% Cl, 0.33-0.88; p =.014) thereafter, in a
pre-specified analysis of the FOURIER trial'®. Moreover, evo-
locumab in the FOURIER trial reduced adverse CV events
across the strata of baseline high-sensitivity C-reactive
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Table 1. Cardiovascular outcomes.

Study MACE CV death M Stroke UA Revascularization
SPIRE 1&2'* 0.88 (0.76-1.02) 1.00 (0.71-1.41)> 0.91 (0.75-1.11) 0.60 (0.41-0.86) 0.89 (0.64-1.24) -
(combined)2017 0.08 0.99 0.35 0.006 0.49
FOURIER?2017 0.85 (0.79-0.92) 1.05 (0.88-1.25) 0.73 (0.65-0.82) 0.79 (0.66-0.95) 0.99 (0.82-1.18) 0.78 (0.71-0.86)
<0.001 0.62 <0.001 0.01 0.89 <0.001
ODYSSEY OUTCOMES®® 0.85 (0.78-0.93) 0.88 (0.74-1.05) 0.86 (0.77-0.96) 0.73 (0.57-0.93) 0.61 (0.41-0.92) 0.88 (0.79-0.97)
2018 <0.001 NR* NR* NR* NR* NR*

[HR (95%Cl) p value].

Abbreviations. CV, cardiovascular; HR, hazard ration; MACE, major adverse CV events; MI, myocardial infarction; NR, not reported; UA, unstable angina.
*Hierarchical analysis was stopped after the first nonsignificant p value was observed, in accordance with the hierarchical testing plan.

protein (hs-CRP) (<1, 1 —3, and >3 mg/dL) with more abso-
lute risk reductions in the patients with higher-baseline hs-
CRP'™. A meta-analysis''" found that PCSK9 inhibitors do
not impact the circulating hs-CRP levels in contrast to sta-
tins''? or bempedoic acid'’''3. A recent post hoc analysis of
the FOURIER trial found that after the first 12 months of evo-
locumab use, there was a 52% relative reduction (HR, 0.48;
95% Cl, 0.25-0.93) in aortic stenosis (AS) events rates in evo-
locumab group, which was attributed to the reduction in
Lp(a) levels'™. A previous study have suggested that PCSK9
inhibitors may potentially have a role in reducing the risk of
AS based on the finding that PCSK9 R46L loss-of-function
mutation was associated with lower Lp(a) and LDL-C level as
well as reduced risk of AS''>. The ODYSSEY OUTCOMES®®
trial (n=18,924) randomized patients on statin therapy with
inadequate LDL-C control who had a recent ACS event rather
than the more stable ones enrolled in the FOURIER trial.
Alirocumab 75mg or 150mg Q2W over a median follow up
of 2.8 years, significantly reduced the four-point composite of
CV death, nonfatal MI, fatal or nonfatal ischemic stroke, or
UA requiring hospitalization (HR, 0.85, 95% Cl, 0.78 — 0.93;
p < 0.001) (Table 1). The absolute benefit was greater among
patients who had a baseline LDL-C of > 2.6 mmol/L (100 mg/
dL) than among patients with lower baseline LDL-C level. In
a pre-specified analysis''®, alirocumab prevented total (first
and recurrent) non-fatal CV events (HR, 0.87, 95% Cl,
0.82—-0.93) and all-cause mortality (HR, 0.83, 95% I,
0.71 —0.97) in the presence of a strong association between
nonfatal and fatal event risk. In another pre-specified ana-
lysis''” , alirocumab has also reduced the total (first and sub-
sequent) hospitalizations (HR, 0.96 [95% Cl, 0.92-1.00];
p=0.04) and slightly increased days alive and out of hospital
(RR, 1.003 [95% CI, 1.000-1.007]; p=0.05) due to a decrease
in days dead (RR, 0.847 [95% Cl, 0.728-0.986]; p=0.03),
defined as the time from a patient’s death to the study end
date. A third pre-specified analysis''® of the ODYSSEY
OUTCOMES trial investigated the effect of alirocumab in ACS
patients with a history of coronary artery bypass grafting.
Alirocumab was associated with large absolute reductions in
MACE and death. In a prespecified analysis of other vascular
events in the ODYSSEY OUTCOMES trial, alirocumab lowered
PAD events (HR, 0.69; 95% Cl, 0.54-0.89; p=.004) signifi-
cantly, but missed the statistical significance in reducing VTE
events (HR, 0.67; 95% Cl, 0.44-1.01; p=.06)""°. When com-
bined data from the FOURIER and ODYSSEY OUTCOMES trials
(h=46,488) were analyzed, it resulted in a 31% reduction in
VTE events [HR, 0.69; 95% Cl, 0.53-0.90; p=.007]"".
Evidence also suggests the association with Lp(a) levels

reduction'®'"®. The two parallel, SPIRE-1 and SPIRE-2, CV
outcome trials (n=27,438)'"* were conducted in 2013 to
assess the efficacy and safety of bococizumab, at a dose of
150 mg Q2W, in patients at high CV risk. However, the trials
were terminated early by the sponsor after a median follow
up of 10months. The sponsor opted to stop the develop-
ment of bococizumab due to the high rates of the anti-drug
antibodies (ADAs), as detected in the data from other studies
in the SPIRE program that consisted of a total of eight stud-
ies (i.e. six lipid-lowering and two CV outcome trials). In a
combined analysis of SPIRE-1 and SPIRE-2 trials, bococizumab
showed no benefit in term of MACE®'%* (Table 1).

Safety of PCSK9 monoclonal antibodies

In general, the safety profile of both evolocumab and aliro-
cumab is excellent. Nasopharyngitis and mild injection-site
reactions are considered the most common adverse
reactions®.

Adverse effects

In two meta-analyses’”® of RCTs, treatment with PCSK9
inhibitors was not associated with the adverse effects com-
monly described with statin therapy such as myalgia and ele-
vations in serum aminotransferases or creatine kinase, with
overall serious adverse events that were comparable to the
control group. The aforementioned meta-analyses did not
report the injection site reactions which are the most fre-
quent adverse events with the PCSK9 inhibitors use®. The
allergic local injection-site reactions (e.g. itching, redness,
swelling) rates were 3.8% in alirocumab group versus 2.1% in
placebo (p<.001)°® and 5.9 versus 4.2% over a period of
78 weeks®?. Injection-site reactions are usually mild and self-
limited®®. The reactions rates with evolocumab were 2.1%
versus 1.6% in the placebo group®®, and there was no
increase in hypersensitivity with longer treatment'®°.
Bococizumab caused higher injection-site reactions as com-
pared to placebo (10.4 versus 1.3%, p <.001)'* and 12.7 per
100 person-years in six trials evaluating bococizumab.

However, the rates did not increase with longer time'?".

Anti-drug antibodies

Therapeutic molecules may have an immunogenicity poten-
tial that may generate ADAs. The ADAs can be generated in
response to fully human (e.g. alirocumab and evolocumab)



or humanized (e.g. murine-derived bococizumab) monoclonal
antibodies. High-titer ADAs have substantially developed in
response to treatment with bococizumab (i.e. high degree of
immunogenicity), while treatment with either alirocumab or
evolocumab has not significantly been associated with ADAs
generation'®*'?'. This immunologic difference explains the
higher injection-site reactions rate reported with bococizu-
mab'®. ADAs can be either neutralizing or binding'*.
Binding ADAs bind to therapeutic proteins without affecting
the molecules’ function'?°, while neutralizing ADAs can dir-
ectly impair their function'??. In the ODYSSEY OUTCOMES®®
trial, neutralizing ADAs were observed in 0.5% of patients on
alirocumab versus 0.1% of those on placebo. Roth et al.'?
reported data from 10 trials and found that ADAs against
alirocumab were observed in 5.1% of patients as compared
to 1.0% in the control group with persistent ADAs found in
14% versus 0.2% after 12weeks or more, respectively.
Neutralizing ADAs were reported in only 1.3% of the patients
in alirocumab group. In the FOURIER®® trial, evolocumab gen-
erated binding ADAs in 0.3% of the patients and no neutral-
izing ADAs have been detected. These findings were
consistent over a period of four years as observed in the
OSLER-1"° study. In four RCTs that reported data regarding
ADAs for evolocumab and alirocumab, the ADAs were transi-
ent and their titers decreased over time’®. Almost half of the
patients who received bococizumab in the SPIRE studies had
high-titer ADAs with neutralizing antibodies developed in
29% of the patients'®. Comparisons of ADAs incidence
among the different PCSK9 inhibitors may be misleading
because immunogenicity potential is dependent on various
factors'?®. Cross-reactivity between PCSK9 inhibitors is
unlikely to occur due to the specificity of the binding
domains'?'. ADAs directed against PCSK9 inhibitors are one
of the theoretical mechanisms for the PCSK9 inhibitors hypo-
responsiveness (i.e. <15% reduction in LDL-C level) due to
the physiological impairment of monoclonal antibodies once
absorbed into the circulation'. The occurrence of ADAs with
PCSK9 inhibitors has attracted widespread attention.
Although autoantibodies were detected in some patients on
alirocumab or evolocumab, reductions in LDL-C levels
induced by either monoclonal antibody were not attenu-
ated”®. ADAs did not appear to significantly attenuate the
lipid-lowering effect of alirocumab®'?® or evolocumab®,
unlike that of bococizumab'®'. The high immunogenicity
rates and the wide variation in LDL-C response among
patients on bococizumab led to the discontinuation of fur-
ther clinical development of bococizumab®'2".

Neurocognitive events

Low LDL-C levels in the clinical trials of PCSK9 inhibitors
have raised a concern about the association of their use with
cognitive impairment'?*. Neurocognitive adverse events were
reported as delirium, attention disorders, amnesia, dementia,
disturbances in thinking and perception, or mental impair-
ment disorders*®. Neurocognitive adverse events reported in
the clinical trials of alirocumab and evolocumab were not
significantly different from those reported in the control

JOURNAL OF DRUG ASSESSMENT ‘ 137

groups®*?8°° Furthermore, similar findings were found in
two meta-analyses of RCTs'”® and in the EBBINGHAUS'*
study (n=1204), a sub-study of the FOURIER trial, that eval-
uated the cognitive deficits. The findings of the latter study
were supported by a Mendelian randomization study which
found no causal relationship between inhibition of PCSK9
function and neurodegenerative diseases'*.

Diabetes

It has been hypothesized that the significant LDL-C-lowering
effect of the PCSK9 inhibitors may negatively affect the gly-
cemic status, namely the new-onset diabetes, as suggested
with statin therapy to be associated with an increase in dia-
betes incidence'®*'?°, It has been postulated that the gen-
etic variations in the targets of statins and PCSK9 inhibitors
i.e. 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) and
PCSK9 respectively, have been associated with desirable pro-
tective effect against atherosclerosis but on the other hand
with adverse effects in term of diabetes'®. The currently
available evidence did not suggest significant increase in
new-onset diabetes or worsening of preexisting diabetes on
shorter or longer terms with either alirocumab®®¢399127 or
evolocumab®®?798120128-130 = |n = the  SPIRE'™  studies,
although bococizumab use was not associated with signifi-
cant increase in new-diabetes, the early termination of the
trials precluded the ability to assess adverse effect on gly-
cemic control. The results of three recent meta-analy-
ses'’?12% are in line with the findings of the previous
studies. However, one'?® of the aforementioned meta-analy-
ses has elaborated that the imbalance in the background LLT
of the control arms may have masked the effect of PCSK9
inhibitors on diabetes.

Fat-soluble vitamins and steroid hormones

Fat-soluble vitamins and steroid hormones levels were meas-
ured as part of prespecified safety analyses in trials with
PCSK9 inhibitors such as ODYSSEY LONG TERM®® and
DESCARTES™'. In the alirocumab group, although the levels
of vitamin E or vitamin K were below the lower limit of the
normal range, there were no clinically important changes.
Moreover, there was no clinically meaningful effect with
regards the changes in the levels of cortisol or other fat-sol-
uble vitamins®?. Similarly, vitamin E levels were lower in evo-
locumab-treated subjects but the results were not
statistically significant after the adjustment of LDL-C level,
and there were no adverse effects reported for steroid or

gonadal hormones'®".

Cost-effectiveness of PCSK9 monoclonal antibodies

Evaluation of cost effectiveness of PCSK9 inhibitors has been
of interest to several trials. In 2015, they were not proven to
be cost effective as their use increased annual prescription
spending by $125 billion over ezetimibe in patients with
HeFH or ASCVD'*2 Another study'*® recommended price
reduction ($14,000-15,000) by 70% as they possessed



138 R. KADDOURA ET AL.

(panupuod)

(s%29m 08)
0'vA 3V¥DLD AQ passasse se SJUIAT SIDAPY

(370-43SNVH)H4OH
10 H43H yum (3be jo sieak £1-0L) s1valgns
uzelpad ul (SfL DINY) GewndojoAd Jo Adediys

[soureipad]

Buninidal 10U ‘BAIDY 9107 Jaquaidag pa3ejaJ-luswieasy yum syuedpdiued Jo Jaquiny €91 pue A1jiqesaj0} ‘A1ajes a1enjeas 03 Apnis [aqe| uado gewnd0|oA] 698779Z0.1ON
(124-43SNVH) siapiosip 1a1
[OEE74) J1318usb yum s1aafgns dureipad ul uolqgiyul 64Sdd [so13e1pad]
pa1sjdwo) 9107 A1eniga4 aulaseq woly S|PA3] D-1a7 abueyd abejuadiag 651 Jo Aujiqeia)ol pue Aiaes ‘Aoediys Buissasse |eu| gewndojoA] 65SZ6EC0IDN
($9am ¢1) H4OH YlM SIUSISI|Ope pue UdIp|IYd [soure1pad]
paigjdwod 8107 1snbny au|aseq woiy J-1q7 ul dbueyd Juadiad 8l ul qewndolije jo Apnis A1ajes pue Adediys uy gewndoly SLZOLSEO0IDN
($9aMm ¥7) H49H Yum s1uadssjope pue ualpjiyd [soureipad]
Buninnay 810z ey aulaseq woiy J-1q7 ul abueyd Juadiad 051 ul qewndouije jo Apnis A1ajes pue Adediys uy gewndolly $8801SE0LDN
suone|ndod juaned |epads
(IWV-NVIADYd)
Buniniay /107 udy (sY9aMm g6) duldseq wioiy Ayd ul abuey) ¥6¢ sjuanied-||\l 9INde Ul gewNndOJIje JO S1I9)d Je[NISeA gewndoly $¥8/90£0.1ON
(YIV1TY) 1eus Aydesbowoy sduaiayod jedndo Aq
($99Mm 9€) palew|isa aseasip A1aue Aleuolod yum syuaied
paigjdwod £107 1aquiardas duIdseq UIBIMIG 1) wnwiuiw ul dbuey) ¥ ul ewoiayieoiqly ded-uiyy Joy gqewndollly Jo Adediy3 gewndoliy £90081LSOLIDY-NYdr
(SIYVLINY) punosesyjn Jejndseaeiiul
Adodsoudads paiesui-leau £Aq pajenjeas aseasip
($399M 9€) auljaseq K1a1e A1euolod uy sanbeid 2105 pidi| uo auoje
Buninnay 8107 |udy woly (ww ) [g)Txew jo abueyd ainjosqy o€ UI1BISBANSOJ JO UIIRISEANSOJ PUE RWNDOJI[E JO 10343 gewndolly 90081 LSOLLDYH-NYdI
(s%99Mm 91) 17/134-504 (MOYHDSLINY) (e)dT pajeasjs yum sjuaned ul
Aq [9SS9A Xapul ue Jo ones punoibydeq em [elaue uo uolqgiyul (64SJd) 6
pao|dwo) 910z |udy -03}-39b64e) Ul ()d] Ul 3bBueYd JUIIBY 6Tl 1qNs 3seUdAU0D ulRloidold Jo S19Y3 gewnd0|oA] GZ06T/T01ON
13d 4eN-8L4 Aq uonesyjedoniw
pue y15) Aq uoiisodwod pue awnjoA
Buninnay 610Z Yaiew (syruow g|) auldseq woiy AdDN Ul abueyd SS anbe|d A1a1e £12U0I0D UO RWNDOJOAS JO 1343 gewndojoA 9¥6689€01ON
(SNIDANH) gewndojors
Buninidal jou ‘aAIpY 8107 19quianoN ($399Mm 0S) 104 wnwiuiw ul dbueyd 3injosqy ¥91 yum paeasd spafgns ul sanbejd Aieuoiod jo buibew gewnd0joA £690/S€01DN
sa1UN0d ueadoing Palddas
Ul 3SE3SIP IBINDSBAOIPIRD JUIPIAD Ajjedlul)d
Huninidal 10U ‘DAY £10T7 Yew (54294 G) JUDWIAINSEIW JUIAS ISIDAPY 009'L yum s333[gns ul Apnis UoISUSIXd [9qe|-uado Jalno4 gewndo0|oA 6£6080£01ON
(370 Y¥31YNO4) uoisus1xd
199e|-uado ysu paleAs|d YiM $13[gns ul uoniqiyul
Buninidal jou ‘aAiY 9107 Jaquwaidas (s1e34 G) SIUBAS BSISAPE JO DUSPIUI 13(NS £€0'S 6)SDd YHM YdJeasal SaW0dIN0 Je|NISeAOIPIRD J9YyHn4 gewndojoA €18/98701ON
(AD-SNINVS3IN)
(s1e3A G'p) OIS dIWAYIS! 90415 4O ||\ J01d INOYIUM HSII JB[NDSEAOIPIED
Buninay 610z dunf 10 |\ “yieap aseasip 1eay Aleuolod 0} awi| 000°€L yb1y 1e syusned ul ewndojoAd JO 12943 gewndojoA L0¥Z/8E01ON
S9WODINO Je|NJSEAOIPIED)
(S1pam 71)
Buninial jou ‘aAndY £10T 139010 auljaseq wioj =107 Ul dbueyd Juddiag 69 (H40H A3SSAQO) H4oH swuedpiied ur Apnig qewndolily LZ99S1€01ON
ejwapidisAp paxiw pue ejwajolaissjoydsadAy
Arewnd yum spafgns asauiyd
(Sq29m 7| pue 0l) ur Adesayy uneis punotbydeq djqeis [ewndo
Buninnay 610z ey au|aseq woiy J-1@7 ul abueyd juadiad uespy oSt 0} UONIPPE Ul ewndojoAd jo Adedia pue Aiajes gewnd0joA GSLEEVEOLIDON
(3S14ddV AISSAQO)
saidesayy buifjipow-pidi| [BUOIIUSAUOD YHM
(sywuow 0g) pajjosu0d Aj91enbape jou elwajoialsajoydsadAy
s|9A9] pid) ul abueyd juadiad pue 9I9A3S YIM syuaiied HS1l Je[ndSeAoIpIed
pai9|dwod 510z aunr SIUDAD 3SI9APE Yum sjuaned jo uonodold 866 yb1y ur gewndouife Jo 1333 pue ‘Aljiqesajol ‘A1oyes gewndoJ|y 9009/%201DON
eIWa|043159]0ydIadAH
snielsg dlep ueis (wely dwy) awodIno Aewid 9zis 19b1e| (wAuoioe) a3 Jauq |eu] Juaby +Ql [euL

‘sjety [edlulp pasdisibal ||| aseyqd ‘z ajqel



Status

Recruiting
Completed
Recruiting
Recruiting
Recruiting

Start date
April 2018
May 2017
June 2019
May 2018
February 2019

Primary outcome (time frame)

FDG PET/CT Endpoint. Change in Target-to-
standardized high fat meal (During 8 hours

distance (in mm) from the intimal leading
at week 10 after first injection)

edge to the external elastic membrane

(12 months)
Change in LDL cholesterol levels from baseline

background ratio from baseline. The main
arterial endpoint is the most diseased
segment of the index vessel (52 weeks)

Percent change of LDL-C from baseline
coronary IVUS; defined as the largest
time from meal-time until 8 h after

(4,8, 12 weeks)
Total AUC of post-prandial TG concentration-

(24 weeks)
Maximal intimal thickness measured by

140
467
130
20
24

Target size

Trial brief title (acronym)
hyperlipidemia/mixed dyslipidemia (BEIJERINCK)

Cholesterol lowering with evolocumab to prevent
cardiac allograft vasculopathy in de-novo heart

treated HIV infection (EPIC-HIV)
evolocumab in subjects with HIV &
transplant recipients (EVOLVD)
patients with type 2 diabetes

Effect of alirocumab on postprandial hyperlipemia in
(EUTERPE)

Effect of PCSK9 inhibition on cardiovascular risk in
Safety, tolerability & efficacy on LDL-C of
Alirocumab in patients on a stable dialysis regimen

Agent
Alirocumab
Evolocumab
Evolocumab
Alirocumab
Alirocumab

[Heart transplant recipients]
[dialysis patients]

[HIV subjects]
NCT03344692

[HIV subjects]

[diabetics]

Abbreviations. AUC, area under curve; CTCAE, Common Terminology Criteria for Adverse Events; FCT, fibrous-cap thickness; FDG PET/CT, fluoro-deoxyglucose positron-emission tomography/computed tomography; HeFH,

heterozygous familial hypercholesterolemia; HoFH, homozygous FH; HIV, human immunodeficiency virus; IVUS, intravascular ultrasound; LDL-C, low-density lipoprotein cholesterol (LDL-C); Lp, Lp(a); maxLCBI, maximal

lipid-core burden index; MI, myocardial infarction; NCPV, noncalcified coronary artery plaque volume; PAV, percent atheroma volume; PET, positron emission tomography (PET); TG, triglycerides.

*From http://clinicaltrials.gov/ and http://www.who.int/ictrp/network/en/

Table 2. Continued.

Trial ID*
NCT03207945

NCT02833844
NCT03734211
NCT03480568
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incremental cost of about $350,000 per quality adjusted life
years (QALYs) when compared to statins. A treatment cost
analysis'** of evolocumab versus ezetimibe to prevent one
MACE in T2DM using data from the FOURIER and IMPROVE-
IT trials had similar conclusion. In all analyses performed, eze-
timibe was consistently a cost-saving strategy compared with
evolocumab except for the case where evolocumab price is
significantly reduced and the branded ezetimibe is used. In a
review'*> of 10 health economic evaluations from United
States of America (USA) and Europe, cost effectiveness of
PCSK9 inhibitors remained uncertain and price reduction was
recommended. Following the CV outcome trials, a study
showed that relevant costs saved per CV event annually
remained very small in Apulia, Italy’*®. In response to 2018
price reductions, National Lipid Association issued a state-
ment to highlight in which subgroups of patients PCSK9
monoclonal antibodies are currently considered a cost-effect-
ive reasonable option (< USD 100,000/QALY). The subgroups
included (a) extremely high-risk patients with ASCVD of
>40% 10-year ASCVD risk and LDL-C> 1.8 mmol/L (70 mg/
dL), (b) very-high-risk patients with ASCVD of 30-39% 10-y
ASCVD risk and LDL-C > 2.6 mmol/L (100 mg/dL) and (c) high-
risk patients with 20-29% 10-year ASCVD risk and LDL-
C>3.36mmol/L (130mg/dL). All patients should receive a
maximally tolerated statin therapy and ezetimibe prior start-
ing PCSK9 monoclonal antibodies therapy'®’.

Registered clinical trials

The documented significant benefit of the PCSK9 monoclonal
antibodies in decreasing lipid parameters and adverse CV
events encouraged further investigations on their efficacy
and safety. Research is ongoing in patients with familial and
non-familial hypercholesterolemia. New research is targeting
special patient populations such as pediatrics and human
immunodeficiency virus (HIV) subjects. Relevant ongoing
Phase lll trials are listed in Table 2.

Conclusions

The currently-available PCSK9 monoclonal antibodies, alirocu-
mab and evolocumab, are safe and effective when used as
an add-on or as monotherapy. They are effective in lowering
LDL-C levels by more than 50% in pooled populations. The
outcome studies have confirmed that the significant LDL-C-
lowering capacity was translated into a reduction in CV
events without causing excessive adverse effects. The benefit
in CV outcomes was attributed to the ability of PCSK9 inhibi-
tors to lower atherogenic lipid fractions such as LDL-C, non-
HDL-C, apo-B, and Lp(a) levels and atheroma volume. The
ability to lower Lp(a) levels could potentially reduce PAD,
VTE, and AS events as well.
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