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Abstract

One of the largest global causes of morbidity and mortality is cardiovascular disease (CVD).
Elevated low-density lipoprotein (LDL) levels and adverse cardiovascular outcomes are linked
to increased levels of the proprotein convertase subtilisin/kexin type 9 (PCSKD9) in the blood.
Inhibiting PCSK9 lowers the levels of circulating LDL-C by increasing the extracellular
membrane density of LDL receptors. Regulators have approved the use of PCSK9 antibodies
to treat patients with high LDL-cholesterol (LDL-C) levels. It can reduce LDL-C in patients
receiving statin therapy by as much as 60% with clinical advantages, such as lower incidence
of myocardial infarction or stroke. The outcomes of the major clinical trials, ODYSSEY and
the FOURIER indicated a statistically significant decrease in mortality with a relative risk
reduction of 15% in both trials. Two monoclonal antibodies (evolocumab and alirocumab) are
PCSKO inhibitors approved by the FDA for the treatment of familial hypercholesterolaemia,

and patients who require additional therapies along with healthy diet and statin medication.

Keywords: PCSK9, PCSK9i, Alirocumab, Evolocumab, Cholesterol-lowering therapies,

cardiovascular diseases, hyperlipidemia, Monoclonal antibody.
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Chapter 1

Introduction

1.1 Background

Cardiovascular disease continues to be the main cause of mortality and morbidity, despite the
development of therapies which reduce low-density lipoprotein cholesterol (LDL-C) (Wadhera
et al., 2016). According to WHO, the biggest cause of death worldwide CVDs claim 17.9
million lives annually (WHO, 2021). Globally, CVD was estimated to be responsible for 19.1
million deaths in 2020 (Tsao et al., 2022). Age-adjusted mortality rate was 239.8 per 100,000
people according to American heart association (Tsao et al., 2022). Lipids are vital for cell
construction, division, signal, and supply of energy and also make up the majority of the
membrane's structural elements. Cholesterol is a component of cell membrane that affects the
fluidity of the membrane, the ability of cells to bind to extracellular matrix, and the beginning
of signaling (Mahboobnia et al., 2021). Due to the exposure to high levels of LDL-C since
birth, familial hypercholesterolemia (FH), a hereditary illness caused by gene mutations
encoding proteins that play a role of (LDL), is known by premature CVD (Raal, Hovingh and
Catapano, 2018). Hypercholesteremia is managed and treated with statin medicines as they
reduce liver cholesterol synthesis (Coppinger et al., 2022). They are recognized as
hydroxymethylglutaryl-CoA reductase inhibitors. Patients who cannot take statins or who do
not meet their treatment objectives while receiving high-intensity statin medication, like people
with familial hypercholesterolemia, continue to be at concern (Castilla-Guerra et al., 2019).
Leukemia, lung, pancreatic cancers and glioblastoma, CVD have all been linked to an increase
in LDLR and high plasma LDL-C (Huang et al., 2016). This review aims to provide a
comprehensive overview of how PCSK9i can provide the world a glimmer of hope for the
treatment of hyperlipidemia and incorporation of statins with monoclonal antibody for more of
LDL reduction. Additionally, limitations behind reduced monoclonal antibody entrance into
the bloodstream and physiological dysfunction as once monoclonal antibody is received were

discussed in this article.
1.2 Aim & Objectives of the Study

Aim: The aim of this review is to show the ray of hope for the management of hyperlipidemia

with the combination of monoclonal antibody and statins to further LDL reduction.



Objectives: The objective of the project is to compile information on recent clinical studies and
acquire more knowledge about PCSK9i and give a concise assessment of the clinical trials done
previously in reduction of LDL using monoclonal antibody along with statins. And also to
inspire doing more research into monoclonal antibodies, not just as a LDL reduction treatment,

but for a wide range of other pharmacological purposes and make it cost efficient.

1.3 Rationale of the Study

Cardiovascular disease has been major cause of death now-a-days worldwide and statin therapy
alone is unable to function as effectively as addition of PCSK9i therapy. Inhibition of PCSK9
is safe for statin intolerant patients and reduction of CVD risk is higher than statins. Kidney
disease, Lipodystrophy, Hypothyroidism, Hyperinsulinemia, Nonalcoholic fatty liver disease
are reasons behind PCSKO9 increasing and inhibition of PCSK9 is done by two FDA approved
monoclonal antibodies that were discussed to know more about their pharmacodynamics. This
article doesn't include any studies using human or animal subjects; instead, it is based on prior
completed research. The study is important because in a record amount of time, the significant
scientific discoveries have been transformed into a successful medical treatment. This
discovery's transformation made up as a breakthrough therapy is one of the best instances of
how genetic knowledge may be used to find targets for sophisticated drugs. Although the
PCSK9 controversy is developing swiftly, it is still far from end. So, this article will help in

further research on PCSK9i and their effect on human.



Chapter 2

Methodology

This review was supported by current, significant research publications and articles from
reputable journals. Peer-reviewed journals, clinical study papers, and articles were all
thoroughly searched. To support the review study, basic and supplemental information was
acquired from books. For this paper's data collection, electronic databases such as
ResearchGate, PubMed, Google scholar, and Embase were used. Additionally, this article's
research was done using both primary and secondary sources. The keywords that have been
used to avail the data are “PCSK9”, “PCSK9i”, “Alirocumab”, “Evolocumab”, “Cholesterol-
lowering therapies”, “cardiovascular diseases”, “hyperlipidemia”, “Monoclonal antibody”.
PCSK9 and PCSK9 inhibitors, Clinical trials determining the safety and efficacy of PCSK9
inhibitors, comparison of PCSK9i with statin in LDL reduction articles were included and
unrelated, duplicates and abstract only journals were excluded. Proprotein convertase
subtilisin/kexin type 9 inhibitor, a comprehensive search of journals was carried out, followed

by a filtering down to the most recent and pertinent ones. Websites like WHO, FDA, American

heart association were searched for relevant information.



Chapter 3

3.1 What is PCSK9?

It is an enzyme that is produced in humans by the PCSK9 gene on chromosome 1 (Seidah et
al., 2003). It is the ninth member of the family of proteins called proprotein convertases that

trigger additional proteins (Seidah et al., 2003).

3.2 What is PCSK9i?

PCSK9i is Proprotein convertase subtilisin/kexin type 9 inhibitor. It inhibits PCSK9 gene.
Alirocumab, evolocumab, and inclisiran are three pharmaceuticals that are approved in the
FDA-US to suppress PCSK9 activity (Pokhrel, Yuet and Levine, 2022). Entirely humanized
mAb alirocumab and evolocumab, which are administered for two to four weeks, are quite
effective at reducing both total and LDL cholesterol (Pokhrel, Yuet and Levine, 2022). A tiny
interfering mRNA called inclisiran prevents the creation of PCSK9 inside cells. Inclisiran
decreases LDL cholesterol by 50% when given to patients taking the highest tolerable dose of
a statin (Pirillo and Catapano, 2022). In 2016, bococizumab, an upgraded phase III clinical trial
for a third PCSK9 antibody, was shelved (Mahajan, 2018). Even after implementation of six
bococizumab studies, substantial rates of injection-site sensitivity because of strong
immunogenicity, as well as an unanticipated reduction of effect on LDL-C over time, were
identified (Kaddoura et al., 2020). Antisense oligonucleotides and tiny interfering RNAs are
examples of molecules that stop PCSK9 from forming (Katzmann et al., 2020). Monoclonal
antibodies and tiny adnectin polypeptides are among the molecules that bind to mature PCSK9
and inhibit it from interacting with LDL receptors (Page & Watts, 2016). Various cell types
have low-density lipoprotein receptors on their outer surfaces. These receptors allow LDLs to
be taken up and transported into cells from the circulation. Once inside the tissue, the LDL is
degraded to liberate cholesterol. The cholesterol is subsequently utilized by the cell, kept, or
the body expels it (Cox and Garcia-Palmieri, 1990). Alirocumab, evolocumab treatment was
linked with a larger decline in LDL-C, according to a network meta-analysis of clinical trials
(Rallidis et al., 2019). Alirocumab effectively decreased atherogenic cholesterol and LDL
compared to control among patients with T2DM and ASCVD who had high non-HDL-C/LDL-

C levels even after using a maximum tolerant statin (Ray et al., 2019).



» Ezetimibe + statin decrease LDL-C upto 15-20%.

» PCSKOI + statin decrease LDL-C upto 54-74%

» Evolocumab decrease 14-20% more LDL-C compared with Alirocumab (Coppinger et al.,
2022).

They are altering the treatment options for dyslipidemia because it has been demonstrated that
they significantly lower LDL-C levels when used single or in conjunction along with statin
therapy (Ding et al., 2022). Statins may cause MAEs but PCSKO9i is a safer option. Anyway,
Nasopharyngitis and upper respiratory tract infections were the quite frequent adverse events
(AEs) in PCSKO9i, but MAEs were reported less frequently (Ding et al., 2022). According to
the results of the main clinical studies FOURIER and ODYSSEY OUTCOMES Evolocumab
or alirocumab coupled to statin therapy in patients with CVD confers additional CV benefit
above that achieved by statin alone. Contrary to predictions, PCSK9i are not as widely utilized
as may be expected mostly because of their high price and obstacles posed by regulatory health
authorities (Rallidis et al., 2019). In the FOURIER trial, participants were monitored for 2.2
years while receiving either evolocumab or a matching placebo. 27 564 patients with steady
atherosclerotic disease on statin therapy were included in the study (Sabina A. Murphy, 2019).
The average follow-up period was 2.8 years in ODYSSEY trial. At 1315 places in 57 countries,
a sum of 18,924 patients were randomly assigned; 9462 were given alirocumab, while 9462

received a placebo (Schwartz et al., 2018).



3.3 Mechanism of Action

The apoprotein B100 on the exterior of LDL interacts to LDLR on hepatic and extrahepatic
organs and LDLC is eliminated from the bloodstream (figurel). Endocytosis occurs as a result
of LDL binding to its receptors (Pokhrel, Yuet and Levine, 2022). As lysosomes and endocytic
vesicles combine, the amount of unbound cholesterol inside the cell rises. Three things happen

as cholesterol concentrations inside cells rise (Pokhrel, Yuet and Levine, 2022).

» Reduce HMG-CoA reductase activity (the rate of cholesterol synthesis control enzyme).
» Activing of the enzyme ACAT (rise in the deposition of cholesterol in the form of
cholesterol ester)

» Decreased cell surface activation of LDL receptors.

In order to bind and excrete more LDL cholesterol, LDLR are constantly recycled back to the
cell surface (Pokhrel, Yuet and Levine, 2022) (figure2). Hepatocyte-produced PCSK9, which
binds to LDLR to promote their lysosomal breakdown, is discharged into the bloodstream. In
this way, PCSK9 lessens the expression of LDL receptors on cell membranes, hence reducing
LDL cholesterol clearance (Pokhrel, Yuet and Levine, 2022). PCSK9i inhibit the PCSK9
enzyme and increase cholesterol clearance. The LDLR on the exterior of the hepatic cells binds
to LDL, the LDL-LDL-R complex is internalize and the LDLR is then typically reconverted to
the surface of the cell near to 150 times (Handelsman et al., 2018). The LDLR just on exterior
of the liver cell binds to released PCSK9, which causes the LDLR absorbed and broken down
in the lysosomes. This decreases the number of LDLRs just on cell exterior. The availability
of LDLRs on the cell exterior should consequently increase in response to inhibition of released
PCSKD9, as well as the uptake of LDL-C into the cell. Inhibiting PCSK9 therefore provides a
new therapeutic approach for reducing LDL-C levels (Handelsman et al., 2018). The metabolic
alterations brought on by statin medication and anti-PCSK9 antibody therapy, however are not
the same. While both methods increase HDL cholesterol, lower LDL-C, triglycerides, and
apolipoprotein B, statins also lower C-reactive protein (CRP) (Sabatine, 2019). A mouse model
revealed that the anti-atherosclerotic actions of PCSK9 antibodies may entail anti-

inflammatory properties (Schuster et al., 2019).


https://www.frontiersin.org/articles/10.3389/fphys.2020.595819/full#B95

Figure 1: Interaction between PCSK9i and LDL-R. The LDL receptor binds to PCSK9. Degradation of LDL
receptor occurs following incorporation of the LDL receptor linked to PCSK9 (and then an LDL).
Adapted from (Katzmann et al., 0001)

Figure 2: Working mechanism of PCSK9i. Pharmacologically, PCSK9 can be suppressed by mabs that bind and
neutralize PCSK9 or by RNA-targeting drugs that comprise an RNA strand ancillary to PCSK9 mRNA and cause
the formation of an RNA-induced silencing complex (RISC), which for an extended period of time degrades

PCSK9 mRNA and thereby prevents PCSK9 production. Adapted from (Katzmann et al., 0001).



Table 1: Different CVD medicines with actions. Adapted from (Katzmann et al., 0001)

CVD medicine Inhibit Action
Statin 3-hydroxy-3- Reduce liver cholesterol
methylglutaryl coenzyme A production

(HMG-CoA) reductase

Ezetimibe Niemann-Pick C1-like Aids cholesterol be absorbed in
protein 1 (NPCI1L1) the gut
PCSK9i PCSKO protein Halt the destruction of LDLR
by PCSKO9 proteins.

3.4 Non-LDL-C-Lowering Effects of PCSK9 Inhibition
Apolipoprotein B and VLDL cholesterol have been reported to be decreased by various PCSK9

inhibitors, in addition to raising LDLR concentrations and decreasing LDL-C concentrations.
Additionally, apolipoprotein A-I and HDL-C are somewhat elevated by PCSK9 inhibitors
(apoA-I). Lipoprotein(a) levels have also been observed to be decreased by PCSK9 inhibitors
of various types. Statins however, have little impact on Lp (a). Reduced apoB may limit the
quantity of cholesterol moved from HDL to particles carrying apoB, which is one explanation
for this impact (Stoekenbroek et al., 2019). According to one theory, Lp(a) doesn't effectively
compete with LDL for LDLR interaction. Therefore, Lp(a) reduces when PCSK9 inhibitors
enhance LDLR expression, especially when LDL is low (Romagnuolo et al., 2015) There is no
evidence that therapeutic PCSK9 inhibition causes diabetes to rise. Without influencing other
bodily regions where PCSK9 is generated, inhibition takes place primarily inside the liver. The
incidence of diabetes has been observed to slightly increase as a result of PCSK9 function loss
mutations (A. Ference et al., 2016). Plasma glucose levels rise and so does the risk of type 2
diabetes as a result of genetic PCSK9 deficiency. In a research, using PCSK9 knockout (KO)
mice, it was discovered that total loss of PCSK9 caused higher glucose intolerance and
decreased insulin production, but had no impact on pancreatic -cell insulin resistance (Da Dalt
et al., 2019). Last but not least, decreased levels of thrombosis have been linked to lower
PCSKO9 levels. FeCI3 due to injuries carotid artery thrombosis observed to be significantly
reduced in PCSK9 KO mice (Paciullo, Momi and Gresele, 2019). In contrast, individuals



suffering from acute coronary syndrome who have greater PCSK9 levels also have increased
platelet reactivity (ACS). PCSK9 concentrations and platelet reactivity from ACS patients
taking daily doses of either prasugrel or ticagrelor were examined in the PCSK9-REACT
Study. Every participant had a direct relationship with circulating PCSK9 concentrations and
platelet reactivity, which resulted in those with greater serum PCSK9 having more
atherothrombotic occurrences at the 1-year mark (Navarese et al., 2017). So, we can say that

non-LDL-C-Lowering Effects of PCSK9 Inhibition is present.



Chapter 4
Monoclonal Antibodies PCSK9 Inhibitors

4.1 Evolocumab

Evolocumab is a PCSK91 which is approved by FDA. Human PCSKO9 is selectively bound by
evolocumab, a human monoclonal immunoglobulin G2, to lower LDL-C (Kasichayanula et al.,
2018). Intensive statin therapy that lowers LDL levels slows the development of coronary
atherosclerosis in accordance to the LDL-C reductions. However, the effects of these
medications on coronary atherosclerosis have not been studied. PCSK9 inhibitors cause
incremental LDL-C decrease in people using statins. 968 participants presenting for coronary
angiography were enrolled in the GLAGOV multicenter, placebo-controlled, double-blind,
completely random clinical trial, which took place at 197 community and academic hospitals
in North America, South America, Europe, South Africa Asia and Australia from May 3, 2013,
to January 12, 2015 (Nicholls et al., 2016). Evolocumab (420 mg) or placebo (n = 484) was
administered subcutaneously once every month for 76 weeks to people with angiographic
coronary disease who also took statins. By using serial intravascular ultrasonography (IVUS)
imaging, the minimum change in percent atheroma volume (PAV) from beginning to week 78
served as the primary effectiveness measure. The nominal variation in total atheroma volume
(TAV) that was standardized and the proportion of patients who experienced plaque regression
were used as secondary effectiveness metrics. There was also an evaluation of tolerance and
safety (Nicholls et al., 2016). In clinical trials including high-risk patients, Evolocumab and
other PCSK9i antibodies decreased unfavorable cardiovascular events throughout a median
treatment period of about 3 years (Koren et al., 2019). Evolocumab has an effective half-life of
11 to 17 days. Evolocumab's pharmacodynamic effects on PCSK9 are swift, reaching their
peak within 4 hours. At steady state, the peak LDL-C reduction occurs around a week after
receiving a subcutaneous dose of 140 mg in Q2W and two weeks after a subcutaneous dose of
420 mg once a month and the level gradually returns to normal over the course of the dosing
interval. These evolocumab doses decreased LDL-C by roughly 55-75% compared to placebo
in multiple clinical studies. In clinical investigations, evolocumab also decreased levels of
lipoprotein(a) and increased levels of other lipids (Kasichayanula et al., 2018). In the longest-
lasting PCSK9 inhibitor study to date, the OSLER-1 trial repeatedly showed outstanding LDL-
C-lowering effectiveness, tolerance, and safety with evolocumab while detecting no

neutralizing antibodies (Koren et al., 2019).
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4.2 Alirocumab

Alirocumab (Praluent®; Sanofi), a completely human monoclonal antibody against PCSKO9,
was approved by the Food and Drug Administration and the European Medicines Agency in
2015 for the treatment of hypercholesterolemic patients unable to meet LDL-C targets as an
adjunct to diet in addition to or instead of lipid lowering treatment (Della Pepa et al., 2017).
Large plaque burden, thin fibrous caps and high lipid content are characteristics of coronary
atherosclerotic plaque that are vulnerable to rupture or rather result in severe cardiac events.
The advancement of coronary atherosclerosis can be stopped by statin medication. However,
little is known about how adding the PCSK9i Alirocumab to statin therapy may affect the load
and makeup of the plaque. Clinical trial PACMAN-AMI, which was double-blinded,
randomized, and placebo-controlled (enrollment was on 9th May 2017, through 7th October
2020 and final follow-up: 13th October 2021) 300 patients were enrolled who were having
acute myocardial infarction treated with percutaneous coronary intervention at 9 academic
hospitals in Europe (Réber et al., 2022). In addition to high-intensity statin medication, patients
were randomly assigned to take weekly twice subcutaneous alirocumab (150 mg; n = 148) or
placebo (n = 152) that was started less than 24 hours following urgent percutaneous coronary
intervention of the culprit lesion (rosuvastatin, 20 mg) (Réber et al., 2022). At start and 52
weeks later, serial intravascular ultrasonography (IVUS), optical coherence tomography and
near-infrared spectroscopy procedures were carried out in the 2 non-infarct-related coronary
arteries. The change in baseline to week 52 atheroma volume as determined by IVUS served
as the major efficacy end objective. Changes in the maximal lipid core load index within 4 mm,
as determined by near-infrared spectroscopy were two powered secondary end points (high
numbers shows greater lipid presence) and the lowest fibrous cap thickness determined by
optical coherence tomography from beginning to week 52 (lower value shows thin-capped,
susceptible plaques) (Réber et al., 2022). The reductions in initial lipoprotein(a) and adjusted
LDL-C levels and the risk of MACE following recent ACS were predicted by alirocumab.
Alirocumab lowers lipoprotein(a), which suggests that lipoprotein(a) might be a separate
therapy goal following ACS. Lipoprotein(a) is an individual influencer to MACE reduction
(Bittner et al., 2020).

11



Chapter 5

Summary of Clinical Trials

In 2008 a trial named 0653A-091 was done on Hyperlipidemia of type Ila or IIb patients with
Ezetimibe/statin vs. niacin vs. ezetimibe/statin/niacin for 64weeks in the USA. After 6years in
2014 DESCARTES trial took place in multinational with hypercholesterolemia patients with
Control versus Evolocumab 420 mg every 4 week and followed up to 52 weeks. In USA
IMPROVE-IT, ODYSSEY COMBO I, ODYSSEY OUTCOMES were done whereas
GLAGOV and FOURIER was in Europe and ODYSSEY COMBO II, ODYSSEY FH I,
ODYSSEY LONG TERM took place in different nation. IMPROVE-IT (2015) with
Hypercholesterolemia and a current hospitalization for acute coronary syndrome (within the
last 10 days) and treatment was simvastatin 40 mg with placebo versus Ezetimibe 10 mg with
simvastatin 40 mg versus for 52 weeks. In the same year ODYSSEY COMBO I in(USA) and
ODYSSEY COMBO Il(multinational) with Alirocumab 75mg to 150 mg every 2 Week vs.
control for Hypercholesterolemia with CHD or CHD-risk equivalent was done for 52weeks.
Alirocumab 75mg to 150 mg every 2week vs. control was given to patients with FH in
ODYSSEY FHI in the same year 2015 but followed up for 78 weeks. ODYSSEY LONG
TERM was for Heterozygous familial hypercholesterolemia, coronary heart disease, or its risk
equivalent patients with Alirocumab 150 mg every 2 Week vs. control and followed up for
78weeks. Angiographic coronary disease patients participated in GLAGOV and given
Evolocumab 420mg monthly vs. control and 76weeks follow up. In 2017 FOURIER trial
worked with Atherosclerotic CVD with clinical proof and Evolocumab either 140mg every 2
Week or 420 mg every month vs. control given for follow up of 168weeks. ODYSSEY
OUTCOMES (2018) was with Acute coronary syndrome hospitalization within the last 52
weeks using Alirocumab 75mg to 150 mg every 2 Week vs. control for 48months (table2).

12



Table 2: Summary table of trials in different regions. Adapted from (Chiu et al., 2020)

Name of the Year Country Treatment Result
trial
0653A-091 December | USA Ezetimibe/statin VS. niacin vs. | Analyze the Effectiveness and Safety of Co-

2005- ezetimibe/statin/niacin Administrating niacin and Ezetimibe/Simvastatin
February (Extended Release Tablet) in Patients With Type
2008 [la or Type IIb Hyperlipidemia

DESCARTES | January Multinational | Control versus Evolocumab 420 mg every 4 | Analyze AMG 145's (Evolocumab) Long-Term
2012- week Tolerance and Lasting Effectiveness on Bad
October cholesterol in Hyperlipidemic Patients
2013

IMPROVE-IT | October USA Simvastatin 40 mg with placebo versus | In elevated patients presenting with acute
2005- Ezetimibe 10 mg with simvastatin 40 mg coronary syndrome, compare the clinical benefits
September and tolerability of Vytorin (ezetimibe/simvastatin
2014 tablet) to simvastatin monotherapy.




ODYSSEY July 2012- | USA Alirocumab 75mg to 150 mg every 2 Week vs. | Analyze the Safety and Effectiveness of
COMBO 1 April control SAR236553/REGN727 in Patients with High
2014 Cardiovascular Risk and Hypercholesterolemia
That Is Not Sufficiently Controlled by Their
Lipid-Modifying Treatment
ODYSSEY | August Multinational | Alirocumab 75mg to 150 mg every 2 Week vs. | Analyze the Safety and Effectiveness of
COMBOII | 2012- July ezetimibe 10 mg SAR236553/REGN727 Compared to Ezetimibe
2015 in Patients with High Cardiovascular Risk and
Hypercholesterolemia That Is Not Sufficiently
Controlled by Their Statin Treatment
ODYSSEY | July 2012- | Multinational | Alirocumab 75mg to 150 mg every 2week vs. | Determine the effectiveness and safety of
FH1 December control SAR236553/REGN727 in treatment with
2014 heterozygous high cholesterol who are not well
controlled by their lipid-modifying therapy.
ODYSSEY | January Multinational | Alirocumab 150 mg every 2 Week vs. control | Long-term Efficacy and Biocompatibility of
LONG TERM | 2012- SAR236553 (REGN727) in Patients with High

14




November Cardiovascular Risk and Hypercholesterolemia
2014 Not Adequately Managed by Current Lipid
Modifying Treatment
GLAGOV April Europe Evolocumab 420mg monthly vs. control Assess the Impacts of Evolocumab (AMG 145)
2013- July Therapy on ASC Disease Burden as Determined
2016 by Intravascular Ultrasonography in Patients
Undergoing Coronary Catheterization
FOURIER February | Europe Evolocumab either 140mg every 2 Week or 420 | Evaluating the Effect of Further LDL-Cholesterol
2013- mg every month vs. control Lowering on Major Cardiovascular Events
November
2016
ODYSSEY | October USA Alirocumab 75mg to 150 mg every 2 Week vs. | Analyze the Impact of Alirocumab on
OUTCOMES | 2012- control Cardiovascular Event Incidence in Patients With
January Recent Acute Coronary Syndrome
2018
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Chapter 6

Discussion

PCSKO9 controls the breakdown of LDLR in the liver, which is the principal mechanism by
which it controls cholesterol metabolism. The main mechanism by which blood LDL
cholesterol levels in people are controlled is by LDL) receptors on the outside of liver
hepatocytes. By destroying LDL receptors, PCSK9 indirectly controls serum LDL cholesterol.
When there are fewer LDL receptors, LDL-C levels in the blood rise, but when PCSKO9 is
inhibited or bound, there are more LDL receptors and LDL-C levels fall. The two PCSK9
inhibitors alirocumab and Evolocumab are now licensed for use. They both bind unbound
PCSK?9 and are completely human monoclonal antibodies. The most effective doses can result
in a substantial drop in LDL-C of up to 70%. Different trials have been done on human in
different region to know the working mechanism of PCSK9i in people of different region.
Because of both high cost and the challenges created by regulatory and health authorities,
PCSK9i are not as commonly used as may be anticipated.

Although the majority of patients receiving the monoclonal antibody PCSK9i have the
anticipated 50-60% drop in LDL-C(Qamar et al., 2019). There are two main kinds of
theoretical reasons behind PCSKO9i hypo-responsiveness (15% drop in LDL-C): Reduced
monoclonal antibody entrance into the bloodstream and physiological dysfunction as once
monoclonal antibody is received. Reduced circulation of a PCSK9i could be caused by Poor
PCSKY9i therapy adherence is one cause inaccurate PCSK9i1 delivery, faulty dermatological
variables that affect systemic drug absorption, inappropriate antibody disposal (Warden, Fazio
and Shapiro, 2020). Other reason for hypo-responsiveness are alterations to the binding site of
antibody on circulation of PCSK9, anti-drug antibody deployed against PCSK9i, increased
PCSKO secretion, changes to or malfunction of LDLR, apoB, or apoE (Warden, Fazio and
Shapiro, 2020). However, after starting a PCSK9i therapy, stopping concurrent lipid-lowering
treatments (such as statins) is by far the most frequent source of apparent PCSK9i
resistance(Bays et al., 2018). Numerous trials have demonstrated the safety and efficacy of
PCSKO inhibitors, including in diabetic individuals who are intolerant to statins. There is no
proof that using this class of medications will cause any major side effects (Grzesk et al., 2022).
Although patients with only modestly raised baseline TG levels do not benefit from PCSK9
inhibitor, those with mild to severe hypertriglyceridemia do (Peng, Chen and Zheng, 2020).
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Chapter 7

Future Directions

Whether a target LDL-C level should be used in practice is a topic of intense discussion.
Regardless of baseline LDL-C levels, a 38.6 mg/dl (1 mmol/l) reduction in LDL-C was linked
to a 21% reduction in ASCVD events in Cholesterol Treatment Trialists meta-analysis
(Rosenson et al., 2018). In randomized comparisons of various statins or dosage of the same
statin, lower event rates have been observed, so the reduce achieved LDL-C provides a
justification for lowering the target. For instance, the achieved LDL-C values were 95 and 63
mg/dl, respectively, in Pravastatin or Atorvastatin Evaluation and Infection Therapy
experiment, which compared routine versus intensive statin therapy (Cannon et al., 2004). As
PCSK9 inhibitors are now accessible, it will be crucial that busy physicians do not
underprescribe statins or become discouraged from searching for a dosage and statin drug that
is acceptable by the patient. Despite these challenges, PCSK9 inhibitors have revolutionized
lipid lowering therapy and are an attractive drug for lowering LDL-C hyperlipidemia. HOPE
3 trial (Heart Outcomes Prevention Evaluation-3), which found that statin medication lowered
baseline LDL-C from 127 mg/dl to 90 mg/dl, supports the latter goal (Yusuf et al., 2016).
PCSKO9i do not show efficacy on triglyceride. Further research need to be conducted regarding
this.
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Chapter 8

Conclusion

Clinical research demonstrates that PCSK9 inhibitors are well tolerated, significantly lower
LDL-C levels, and can prevent or delay further cardiovascular events in people with
hyperlipidemia and diabetes mellitus in addition to maximally tolerated statin therapy. This is
done without compromising glycemic control or increasing the risk of developing diabetes
mellitus in people who do not already have it. The incidence of severe adverse cardiovascular
events was reduced with alirocumab than with placebo in patients with a prior acute coronary
syndrome and persistently increased levels of atherogenic lipoproteins after statin therapy at a
higher dosage or at the maximum tolerable dose. PCSKO9 inhibitors are a beneficial supplement
to existing LDL-C therapy options. For individuals who are unable to tolerate statins but still
need to treat their hyperlipidemia, PCSK9 medication is a welcome alternative. The cost of
these recently approved medications and the absence of oral versions are limitations. It is hoped
that future research on oral formulations and longer-term clinical trials will increase the use of

this new class of pharmacological therapy in the treatment over atherosclerosis and CVD.
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