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Abstract. Hyperlipidemia has always been one of the serious factors endangering human health.
It is a high-risk factor for coronary heart disease, myocardial infarction, cerebral infarction and other
diseases. Blood lipid management is very important for the control of cardiovascular and
cerebrovascular diseases. Repatha, as a new type of hypolipidemic drug, has shown good effects
and no serious adverse reactions in clinical trials. Although at present, drugs that reduce LDL-C,
especially statins, play an important role in the prevention of cardiovascular disease, however, a
considerable proportion of patients still failed to reach the LDL-C target value specified in the relevant
guidelines. Amgen recently released phase Il clinical trial data that shows the good curative effect
of repatha in combination with statins on patients with hyperlipidemia. Repatha (evolocumab), a
PCSK9 inhibitor, is a necessary adjunctive treatment option for patients with inherited high
cholesterol who cannot control their high LDL-C with other lipid-lowering agents alone. This review
focused on hyperlipidemia and its clinical manifestations. Repatha’s basic information, clinical trial
process, data and results were also included.
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1. INTRODUCTION

Hyperlipidemia is usually prone to heart emergencies, including high-risk diseases such as acute
coronary syndrome. Recent study reported that there has long been a debate that low levels of low-
density lipoprotein cholesterol (LDL-C) may have a negative impact on memory or other cognitive
functions [1]. The ability of liver to metabolize LDL-C decreases, which leads to the accumulation
of cholesterol, which is one of the important reasons for hyperlipidemia. Hyperlipidemia can be
divided into primary and secondary. Primary is related to congenital and heredity. It is caused by the
abnormality of receptors, enzymes or apolipoproteins involved in lipoprotein transport and
metabolism due to single gene defects or polygenic defects, or due to environmental factors (diet,
nutrition, drugs) and unknown mechanisms. Secondary multiple diseases occur in metabolic disorders
(diabetes, hypertension, myxoedema, hypothyroidism, obesity, liver and kidney diseases, and
adrenocortical hyperfunction), or are related to other factors such as age, gender, season, drinking,
smoking, diet, physical activity, mental tension, emotional activity, etc. The clinical manifestations
of hyperlipidemia are mainly xanthoma caused by lipid deposition in dermis and Arteriosclerosis
Caused by lipid deposition in vascular endothelium. Although hyperlipidemia can cause xanthoma,
its incidence is not very high; The occurrence and development of atherosclerosis is a slow and
gradual process. Therefore, under normal circumstances, most patients have no obvious symptoms
and abnormal signs. Many people found the increase of plasma lipoprotein level only when they
carried out blood biochemical test for other reasons.

Repatha is a complete human monoclonal antibody that inhibits the preprotein invertase subtilisin
/ Kexin 9 (PCSK9). Repatha binds PCSK9 and inhibits the binding of PCSK9 to LDL receptors on
the surface of the liver. PCSKO9 is a protein that targets LDL receptor degradation, thereby reducing
the liver's ability to remove LDL-C or "bad" cholesterol from the blood [2]. In the absence of PCSKO,
there are more LDL receptors on the surface of hepatocytes to remove LDL-C from the blood.

Some researchers found that Repatha in clinical trials, compared with placebo, not only showed
the preventive effect of reducing blood lipid and preventing heart and coronary artery disease, but
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also showed acceptable adverse reactions. The results showed that the addition of Repatha to enhance
statin treatment could significantly reduce the risk of these events by 20%. Like other drugs, Repatha
can also produce adverse reactions. As a therapeutic protein, Repatha may exist and become an
immunogen. When the human body recognizes repatha as an immunogen, it may cause the abnormal
secretion of body antibodies, resulting in allergic reactions, which is also one of the common adverse
reactions of therapeutic drugs [3].

Repatha has another effect in reducing blood lipids and can significantly remove atherosclerotic
plaque. However, Repatha also showed some disadvantages in clinical trials, such as nasopharyngitis,
upper respiratory tract infection, influenza and back pain. The primary efficacy endpoint was the
combination of cardiovascular death, myocardial infarction, stroke, hospitalization for unstable
angina pectoris or coronary revascularization. The secondary efficacy endpoint was a combination of
cardiovascular death, myocardial infarction, or stroke. The median follow-up time was 2.2 years [4].
It can be seen that Repatha is not plain sailing in clinical trials, but from multiple groups of placebo-
controlled trials, it can be seen that patients with atherosclerotic cardiovascular disease can benefit
from LDL cholesterol levels lower than current treatment targets.

This review focused on Repatha's clinical phase 111 trial, including the methods used in the trial,
population, trial cycle and trial results. This review will show the data obtained by Repatha in the
placebo control group of clinical trials and in combination with statins, some adverse reactions in the
test will also be reflected. The data obtained from the trials will be displayed in tabular form. From
the test results, Repatha can effectively reduce the LDL-C level of patients and has good safety. This
paper discussed its latest clinical research.

2. The mechanism of PCSK9 Inhibitors regulate serum LDL cholesterol (LDL-
C)

PCSK®9 inhibitor is a protein that can act against other proteins in the body. Hepatocytes in the
human liver produce receptors that clear excess cholesterol, and one of the PCSK9 proteins can
destroy this receptor. The PCSK9 inhibitor can take this as the target. The drug will lock the PCSK9
protein, prevent this process, and make the cholesterol scavenging receptor play a role, so as to reduce
the content of LDL-C in the blood. Reducing the number of free PCSK9 that can bind to LDL
receptors will result in less degradation of LDL receptors, more LDL receptors on the surface of
hepatocytes and less circulating LDL-C [5]. PCSK9 has high curative effect. It can be used alone or
in combination with other drugs, such as statins.
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Figure 1. LDL receptor life cycle with PCSK9 inhibited.

3. Clinical Trials

As the clinical trials were conducted on a large scale, with different ethnic groups and different
age groups selectedthe, adverse reaction rate observed in clinical trials can not be directly compared
with the incidence of clinical trials of another drug, and may not reflect the incidence observed in
practice [6]. The following are the selected population and adverse reactions in the clinical trial.

The data describe below are reflected in eight placebo-controlled trials, including 2651 patients
treated with Repatha. 557 exposed for 6 months and 515 exposed for 1 year (median treatment time
12 weeks) were included as well. The median age of the population was 57 years old. 49% of the
population were women, 85% were white, 6% were black, 8% were Asian, and 25 were other races.

3.1. Trials 1: Adverse reactions in a 52 week controlled trial

The long-term, double-blind, completely controlled trial was used. In the trial, 559 patients
received 420mg Repatha subcutaneously once a month. The mean age was 56 years (range: 22 to 75
years old), 23% were older than 65 years old, 52% were women, 80% were white, 8% were black, 6%
were Asian, and 6% were Hispanic [7]. According to Table 1, at least 3% of Repatha treated patients
reported adverse reactions more frequently than placebo treated patients. Adverse reaction in 2.2%
of Repatha treated patients resulted in termination of treatment and 1% of placebo treated patients.
From these data, it can be seen that repatha can significantly reduce the probability of cardiovascular
disease. In Study 2, Repatha treated patients had greater than or equal to 3% and more frequent
adverse reactions than placebo

Table 1. Experimental data of adverse reactions in a Repatha vs Placebo controlled trial
Placebo Repatha
(N=302) (N=599)

% %

Nasopharyngitis 9.6 10.5
Upper respiratory tract 6.3 9.3
Infection
Influenza 6.3 7.5
Back pain 5.6 6.2
Injection site reaction 5.0 5.7
Cough 3.6 4.5
Urinary tract infection 3.6 4.5

Sinusitis 3.0 4.2

Headache 3.6 4.0
Myalgia 3.0 4.0
Dizziness 2.6 3.7
Musculoskeletal pain 3.0 3.3
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Hypertension 2.3 3.2
Diarrhea 2.6 3.0
Gastroenteritis 2.0 3.0

3.2. Trials 2: Adverse reactions

In these trials, 993 patients received 140mg of Repatha subcutaneously every 2 weeks and 1059
patients received 420mg of Repatha subcutaneously every month. The mean age was 57 years old
(range, 18 to 80 years old), 29% were older than 65 years, 49% were women, 85% were white, 5%
were hispanic [8]. At least 1% of Repatha treated patients and more frequently reported adverse
reactions than placebo treated patients are shown in table 2
Table 2. Placebo controlled adverse reaction trial data of Repatha at different injection frequencies

Placebo  Repatha*

(N=1224) (N=2052)

% %
Nasopharyngitis 3.9 4.0
Back pain 2.2 2.3
Upper respiratory tract infection 2.0 2.1
Arthralgia 1.6 1.8
Sicchasia 1.2 1.8
Fatigue 1.0 1.6
Muscle spasm 1.2 1.3
Urinary tract injection 1.2 1.3
Cough 0.7 1.2
Influenza 1.1 1.2
Contusion 0.5 1.0

3.3. Trials 3

In order to find out whether Repatha combined with statins has better curative effect, a controlled
trial of statins alone and combined with Repatha was carried out. This study was a multicenter,
double-blind, randomized controlled trial in which patients were initially randomized to an open
specific statin regimen for a 4-week lipid stabilization period, followed by random subcutaneously
injection of Repatha 140mg every 2 weeks, Repatha 420mg once a month, or placebo for 12 weeks.
The results showed that the average change of the volume percentage of non-infarct related
atherosclerotic plaques decreased significantly, and the coronary plaques of non infarct related
arteries subsided significantly [9], but further research is still needed to understand whether Repatha
can improve the clinical resglt§ of this population.
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Figure 2. Mean percentage change of LDL-C compared with placebo.

3.4. Phase Il and 111 clinical trial studies for alirocumab and evolocumab

The efficacy of the PCSK9 inhibitors to reduce LDL-C is related to the dose of the PCSK9 inhibitor,
the baseline free PCSK9 level, the baseline LDL-C level, and the timing of the LDL-C measurement
relative to the time of administration of the PCSK9 inhibitor. When considering the study variables
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[10], the efficacy of alirocumab and evolocumab was similar, when combined with statins, both drugs
can reduce LDL-C by about 55% - 65% compared with the baseline level. In the absence of statins,
the percentage reduction of LDL-C is usually small, but there is a deviation due to the higher baseline
value as the denominator of the percentage reduction of LDL-C. Compared with evolocumab,
alirocumab may need additional doses in clinical trials. 16.8% of patients had titration up to 150 mg
g2w at week 12. 75 / 150 mg aliromumab reduced LDL-C by 247.2%; 27% of patients need to
increase titration because LDL cholesterol is 70 mg / dl, but only 2% of patients have LDL-C levels
of 100 mg / dl. In the case of evolocumab, the efficacy of two available doses of evolocumab (140
mg g2w and 420 mg Q4w) is basically the same. The efficacy variables used were patient groups,
including patients with HEFH, patients with homozygous FH (HOFH), patients with
hypercholesterolemia taking statins and patients without monotherapy taking statins [11]. At the end
of 52 weeks, the LDL-C reductions compared with placebo for the groups were as fol lows: diet alone:
255.7% =4.2%; atorvastatin, 10 mg: 261.6% = 2.6%; atorvastatin, 80 mg: 256.8% =+5.3%; and
atorvastatin, 80 mg + ezeti mibe, 10 mg: 248.5% +5.2%. The GAUSS-2 study included patients who
were intolerant to statins, but 18% of patients took low-dose statins. After 12 weeks, the average
percentage of LDL-C reduction in Evo locomab group, 140 mg g2w group and 420 mg Q4w group
was 256.1% and 255.3%, respectively. From the results, evolocumab combined with statins showed
better efficacy and less side effects. As a new type of PCSKO9 inhibitor, it has better development
space and has better prospects in reducing the risk of cardiovascular disease and preventing coronary
atherosclerosis. As a representative drug of evolocumab, repatha's ability in the treatment of
hyperlipidemia is worth looking forward to. It is not only a new drug, but also has good curative
effect. Although some adverse reactions may occur in clinical trials, the proportion is low and does
not affect the safety of repatha as a whole

4. limitation and future development

Although Repatha showed a good cure for hyperlipidemia and significantly reduced the LDL-C
level of patients in clinical trials, it also occasionally showed serious adverse reactions, such as
myocardial infarction, sudden death, unstable angina pectoris and other potentially fatal symptoms
[12]. In addition, the therapeutic effect of Repatha in combination with statins was significantly
higher than that alone, this means that patients need to receive at least two drugs at the same time in
order to significantly reduce blood lipids. Patients may face adverse reactions caused by multiple
drugs, which can reduce blood lipids and lead to other diseases. Another possible outcome is a major
adverse limb event, defined as acute limb ischemia, major amputation, or emergency peripheral
revascularization of ischemia. On the other hand, the price of Repatha is currently very high, which
means that its scope of use is limited. The high price means that many patients can't afford Repatha
to treat their own hyperlipidemia. The reasons for the high price of Repatha may be that the production
process still needs to be improved, the production raw materials are difficult to obtain, the purification
process has great losses, the production is difficult, and the technical requirements are high. In the
future development, the production technology of Repatha may not be limited to the cell fusion of
immune animals, but more advanced molecular synthesis technology [13]. Repatha is synthesized at
the molecular level, rather than relying on animals to produce monoclonal antibodies. In addition, the
production process can also be improved. The first is the method of obtaining monoclonal antibodies.
At present, monoclonal antibodies are mainly obtained by in vivo induction method, and then a large
number of monoclonal antibodies are obtained by in vitro culture method. If the post freezing and
thawing technology has been well developed and will not damage the protein structure and activity
of post freezing and thawing, then a large number of hybridoma cells produced in the induction stage
in vivo can be preserved. Whether the follow-up is produced by more advanced cloning technology
or in vitro culture method, the production cost can be greatly saved, so as to achieve the purpose of
reducing the product price. At present, Repatha has very favorable safety in the treatment of
hyperlipidemia. On the basis of clinical trial evidence, LDL lowering with PCSK9 inhibitors is
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recommended for high-risk patients with LDL-C levels >70 mg/dl on maximally tolerated oral
therapies including statins and/or ezetimibe. Osler-1 test showed that Repatha had consistently
excellent efficacy [14], tolerance and safety in reducing LDL-C in the study with the longest duration
of PCSKQ inhibitor reported so far, and no neutralizing antibody was detected. Repatha, as a new
type of lipid-lowering drug, combined with statins, provides a new treatment scheme for patients with
hyperlipidemia. In the future, it will bring more opportunities for patients to recover. With the
maturity of technology and the reduction of production cost, more and more patients will have the
opportunity to use Repatha.

5. Conclusion

Repatha and other anti-PCSK9 antibodies reduced adverse cardiovascular outcomes in clinical
trials of high-risk patients over <3 years median treatment duration. It can be concluded from the
tabular data that the incidence of major cardiovascular events was 12.2% in the Repatha treatment
group and 15.3% in the placebo group. To some extent, the use of Repatha can reduce the incidence
of cardiovascular events. At 52 weeks, Repatha added to diet alone, to low-dose atorvastatin, or to
high-dose atorvastatin with or without ezetimibe significantly reduced LDL cholesterol levels in
patients with a range of cardiovascular risks. in spite of guidelines recommend that patients with acute
coronary syndrome (ACS) begin high-intensity statin therapy in hospital, the target level of low-
density lipoprotein cholesterol (LDL-C) is usually not achieved. Repatha is a fast low-density
lipoprotein-c lowering drug [15]. Although there were some adverse reactions in the trial, it
effectively reduced the level of LDL-C in the trial combined with statins, and there were no serious
adverse reactions. Repatha is a new drug with high price and small audience, which are common
problems. However, with the continuous improvement of drugs and the continuous improvement of
national drug management system, repatha'’s ability in the treatment of hyperlipidemia will be more
accepted by the public.

REFERENCES

[1] Lowering LDL LevelsWith Repatha® (Evolocumab) Did Not Adversely Affect Cognitive Function In
Landmark Phase 3 Study

[2] Repatha® U.S. Prescribing Information. Amgen.

[3] World Health Organization. Cardiovascular diseases (CVDs) fact Sheet.
http://www.who.int/mediacentre/factsheets/fs31

[4] Repatha FDA Official Instructions: REPATHA ( evolocumab) injection, for subcutaneous use Initial U.S.
Approval: 2015Sheet: http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125522s000Ibl.pdf

[5] Marc S Sabatine 1, Robert P Giugliano 1, Anthony C Keech 1, Narimon Honarpour 1, Stephen D Wiviott
1, Sabina A Murphy 1, Julia F Kuder 1, Huei Wang 1, Thomas Liu 1, Scott M Wasserman 1, Peter S
Sever 1, Terje R Pedersen 1, FOURIER Steering Committee and Investigators: Evolocumab and Clinical
Outcomes in Patients with Cardiovascular Disease

[6] Jun Zhang, etal. Proc (Bayl Univ Med Cent). Usefulness of alirocumab and evolocumab for the treatment
of patients with diabetic dyslipidemia

[7] Marian McDonagh, et al. J Manag Care Spec Pharm. A Systematic Review of PCSK9 Inhibitors
Alirocumab and Evolocumab

[8] Weinreich M, et al. Cardiol Rev. Antihyperlipidemic therapies targeting PCSK9.

[9] Marc S. Sabatine,et al. Evolocumab and Clinical Outcomes in Patients with Cardiovascular Disease. N
Engl J Med 2017; http://www.nejm.org/doi/full/10.1056/NEJM0a1615664

[10] Robert S Rosenson 1, Robert A Hegele 2, Sergio Fazio 3, Christopher P Cannon 4: The Evolving Future
of PCSKQ Inhibitors

370



Highlights in Science, Engineering and Technology BEHDP 2022
Volume 8 (2022)

[11] Michael J Koren 1, Marc S Sabatine 2, Robert P Giugliano 2, Gisle Langslet 3, Stephen D Wiviott 2,
Andrea Ruzza 4, Yuhui Ma 4, Andrew W Hamer 4, Scott M Wasserman 4, Frederick J Raal 5: Long-
Term Efficacy and Safety of Evolocumab in Patients With Hypercholesterolemia

[12] Dirk J Blom 1, Tomas Hala, Michael Bolognese, Michael J Lillestol, Phillip D Toth, Lesley Burgess,
Richard Ceska, Eli Roth, Michael J Koren, Christie M Ballantyne, Maria Laura Monsalvo, Kate Tsirtsonis,
Jae B Kim, Rob Scott, Scott M Wasserman, Evan A Stein, DESCARTES Investigators: A 52-week
placebo-controlled trial of evolocumab in hyperlipidemia

[13] Konstantinos C Koskinas 1, Stephan Windecker 2, Giovanni Pedrazzini 3, Christian Mueller

[14] Sté&hane Cook 5, Christian M Matter 6, Olivier Muller 7, Jonas H&ner 1, Baris Gencer 8, Carmela
Crljenica 3, Poorya Amini 9, Olga Deckarm 1, Juan F Iglesias 8, Lorenz R&ber 1, Dik Heg 9, Fran@is
Mach 8: Evolocumab for Early Reduction of LDL Cholesterol Levels in Patients With Acute Coronary
Syndromes (EVOPACS)

[15] Eli M. Roth MD,1 Michael H. Davidson, MD2 1 Sterling Research Group, Cincinnati, OH; 2 Department
of Cardiology, University of Chicago Medicine, Chicago, IL PCSK9 Inhibitors: Mechanism of Action,
Efficacy, and Safety

371



