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INTRODUCTION

Lowering of low density lipoprotein (LDL) cholesterol (LDL-C) has been shown to be associated with

significant reduction of adverse cardiovascular (CV) events.1 The 2013 ACC/AHA guidelines recommend

high-intensity statin therapy - to lower LDL-C levels by $ 50% with no specific target goal - for adults at

high risk for atherosclerotic CV diseases, andmoderate-intensity statin therapy - to lower LDL-C levels by

30% -,50% - if a high-intensity statin is not tolerated.2 Furthermore, European and Canadian guidelines

recommend LDL-C goal of less than 70 mg/dL (1.8 mmol/L) in patients at very high CV risk.3,4

Despite intensive statin therapy, many patients are unable to achieve the recommended target levels

of LDL-C. In addition, statin-related adverse events have been reported in up to 10% to 20% of

patients,5 and stains may be not tolerated by certain subgroups of patients. This highlights the need for

additional LDL-C lowering drugs. Unfortunately and up till recently, currently available non-statin LDL-C

lowering therapies are either weak (ezetimibe) or poorly tolerated (niacin, and bile acid sequestrants).

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a novel serine protease protein (Fig. 1)

produced predominantly in the liver, and plays a central role in regulating LDL-C concentrations. PCSK9

binds to hepatic LDL receptors, promotes their degradation, and reduces the ability of the liver to clear

LDL-C from the blood (Fig. 2).6,7 Statin use also upregulates PCSK9 levels, therefore PCSK9 inhibiton

may additionally or synergistically lower LDL-C with statins.

Evolocumab (AMG145) – manufactured by Amgen - is a fully human monoclonal antibody that binds

to PCSK9 and inhibits its interaction with LDL receptors (Fig. 2). Evolocumab has taken the lead in the

race with other PCSK9 inhibitors to be the first in a new class of LDL-C lowering drugs close to the

market (Table 1). Many phase II trials9–11 have evaluated the efficacy of evolocumab -including the

longer term (52 weeks) OSLER study-12 and yielded robust reduction of circulating LDL-C concentration.

Data from several phase III studies have been recently released - as a part of the PROFICIO (Program

to Reduce LDL-C and Cardiovascular Outcomes Following Inhibition of PCSK9 In Different POpulation)

comprehensive program (Table 2). These trials serve to clarify the efficacy of evolocumab in different

groups of patients, and are critically reviewed here with particular reference to their clinical utility, and

their place in future clinical practice.

GAUSS-2 STUDY

The Goal Achievement after Utilizing an Anti-PCSK9 Antibody in Statin Intolerant Subjects (GAUSS-2)

study was a randomized, double-blind, phase III clinical trial that has been recently published in

the Journal of the American College of Cardiology in June 2014.14 This study was designed to evaluate

the efficacy and safety of subcutaneous (SC) evolocumab injection, compared to ezetemibe,

in statin-intolerant (to at least 2 statins) hypercholesterolemic patients. A total of 307 patients,
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18-80 years old, were randomized 2:2:1:1 to SC evolocumab 140 mg every two weeks (Q2W) or

evolocumab 420 mg once monthly (QM) “both with daily oral placebo” or SC placebo Q2W or QM “both

with daily oral ezetimibe 10 mg”. Co-primary endpoints were percent change from baseline in LDL-C

concentration at the mean of weeks 10 and 12 and at week 12. Co-secondary efficacy endpoints at the

same time points included absolute change in LDL-C from baseline, percent of patients achieved LDL-C

,70 mg/dl, and percent change of other lipoproteins. Safety endpoints included treatment emergent

and serious adverse events, creatine kinase (CK) and hepatic enzyme elevations, and anti-evolocumab

antibodies.

At a mean of weeks 10 and 12, evolocumab achieved mean percent reductions of LDL-C of 56.1%

(Q2W dose) and 55.3% (QM dose), compared to 36.9-38.7% in ezetemibe-treated patients (p , 0.001).

Figure 2. PCSK9 mediated degradation of LDL receptors (From Lambert G et al. The PCSK9 decade. J. Lipid Res.

2012;53:2515-2524)6

Figure 1. Structure of the PCSK9 protein: Ribbons diagram of PCSK9 structure with the prodomain in magenta,

the catalytic domain in wheat, and the V domain in blue. Thr61 marks the first observed residue, and Gln152

marks the C terminus of the prodomain. Ser153 marks the N terminus of the catalytic domain (From Piper et al.

The Crystal Structure of PCSK9: A Regulator of Plasma LDL-Cholesterol. Structure 2007; 15: 545–552).8
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Furthermore, 87.5% of evolocumab treated patients achieved LCL-C , 70 mg/dl compared to only 2%

in ezetemibe-treated patients. Evolocumab reduced lipoprotein(a) levels by 27% (Q2W dose) and

22% (QM dose) at week 12 compared to 1.7 - 5.8% in ezetemibe-treated patients. Evolocumab was

discontinued due to adverse events in 8% of patients compared to 13% in ezetemibe treated patients.

Myalgia occurred in 8% of evolocumab-treated patients and 18% of ezetimibe-treated patients. No

binding or neutralizing antibodies to evolocumab were detected.

RUTHERFORD-2 STUDY

The Reduction of LDL-C with PCSK9 Inhibition in Heterozygous Familial Hypercholesterolemia Disorder-

2 (RUTHERFORD-2) study15 was a multicentre, randomized, double-blind, placebo-controlled trial that

recruited patients at 39 sites in Australia, Asia, Europe, New Zealand, North America, and South Africa,

and has been recently published in the Lancet journal in October 2014. The study aimed to assess the

safety and efficacy of evolocumab in patients with heterozygous familial hypercholesterolemia and

LDL-C concentrations $ 100 mg/dL (2.6 mmol/L) despite intense lipid-lowering therapy. A total of 331

eligible patients, 18 - 80 years old, were randomly assigned in a 2:2:1:1 ratio to receive SC evolocumab

140 mg Q2W, evolocumab 420 mg QM, placebo Q2W, or placebo QM for 12 weeks. The Co-primary and

secondary endpoints were similar to that adopted in the GAUSS-2 study.

At a mean of weeks 10 and 12, evolocumab achieved mean percent reductions of LDL-C of 60.2%

[95% confidence interval (CI) ¼ 54.5–65.8] (Q2W dose) and 65.6% [95% CI ¼ 59.8–71.3] (QM dose),

compared to placebo (p , 0.0001). These effects were not related to age, gender, body-mass index,

baseline LDL-C level, intensity of statin therapy, or concomitant use of ezetimibe. At week 12, LDL-C

Table 1. Therapeutic Approaches Targeting PCSK9. Adapted from Urban et al. Targeting the
Proprotein Convertase Subtilisin/Kexin Type 9 for the Treatment of Dyslipidemia and
Atherosclerosis. J Am Coll Cardiol 2013;62:1401–8.13

Mechanism of Action Agent Company/Sponsor Phase

Monoclonal antibodies SAR236553/REGN727 Sanofi/Regeneron 3
AMG 145 Amgen 3
RN316 Pfizer 2
RG7652 Roche/Genentech 2
LGT-209 Novartis 2
1D05-lgG2 Merck Pre-clinical
1B20 Merck Pre-clinical
J10, J16 Pfizer Pre-clinical
J17 Pfizer Pre-clinical

Adnectins BMS-962476 Bristol-Myers Squibb/Adnexus 1
Mimetic peptides EGF-AB peptide fragment Schering-Plough Pre-clinical

LDLR (H306Y) subfragment US NIH Pre-clinical
LDLR DNA construct US NIH Pre-clinical

Small molecule inhibitors SX-PCK9 Serometrix Pre-clinical
TBD Shifa Biomedical Pre-clinical

Antisense oligonucleotides ISIS 394814 Isis Pre-clinical
SPC4061 Santaris-Pharma Pre-clinical
SPC5011 Santaris-Pharma 1 (terminated)

RNA interference ALN-PCS02 Alnylam 1

Table 2. PROFICIO program

Study Aim

GAUSS-214, GAUSS-3 Statin intolerant patients
RUTHERFORD-215 Heterozygous Familial hypercholesterolemia
MENDEL-2 Evolocumab stand-alone monotherapy
TESLA Part B16 Homozygous familial hypercholesterolemia
LAPLACE-217, YUKAWA-2 Combination therapy with statins
DESCARTES18, OSLER-2 Long term (52 weeks) therapy
TAUSSIG Long term therapy in familial hypercholesterolemia
FOURIER Secondary prevention of CV events
GLAGOV Plaque regression measured by intravascular ultrasound

PROFRICO (Latin word means: to advance or to make progress)
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,70 mg/dl was achieved by 68% of patients in the evolocumab Q2W group and by 63% in the

evolocumab QM group, compared to only 2% in each of the placebo groups. At 12 week, evolocumab

Q2W achieved significant reduction in serum triglycerides (treatment difference 219.6% [95%

CI ¼ 227.9 to 211.3], p , 0.0001), and lipoprotein (a) (treatment difference 231.6% [95%

CI ¼ –39.3 to 223.9], p , 0.0001), as well as significant increase (9.2% [95% CI: 4.7 to 13.7],

p , 0.0001) in HDL-C level compared to placebo. Similar results were detected in the evolocumab

QM group. Patients with receptor-negative mutations had a similar response to treatment as those with

receptor-defective mutations or those with mutations in apolipoprotein B. No serious adverse events

led to study drug discontinuation. The most common adverse events in the evolocumab group were

nasopharyngitis (9.0%) and muscle-related adverse events (5.0%).

LAPLACE-2 STUDY

The LDL-C Assessment with PCSK9 Monoclonal Antibody Inhibition Combined With Statin Therapy

(LAPLACE-2) study was a Phase III, randomized, double-blind, placebo- and ezetimibe-controlled study

that was conducted at 198 sites in 17 countries and was published in the Journal of the American

Medical Association in May 2014.17 The study was designed to evaluate the efficacy and safety of

evolocumab vs. placebo or ezetimibe in patients randomized to different background moderate- and

high-intensity statin therapies. A total of 1899 patients, 18 to 80 years old, with hyperlipidemia

[screening LDL-C level $ 150 mg/dL (no statin at screening), $ 100 mg/dL (non-intensive statin at

screening), or $80 mg/dl (intensive statin at screening) provided that fasting triglyceride 400 mg/dL]

were enrolled. Intensive statin therapy was defined as daily atorvastatin ($ 40 mg), rosuvastatin

(20 mg), simvastatin (80 mg), or any statin plus ezetimibe. Patients were randomized to 1 of 24

treatment arms. Patients were initially randomized to daily moderate-intensity statin (atorvastatin

10 mg, simvastatin 40 mg, or rosuvastatin 5 mg) or high-intensity statin (atorvastatin 80 mg,

rosuvastatin 40 mg). After a 4-week lipid-stabilization period, they were randomized to receive

evolocumab (140 mg Q2W or 420 mg QM), placebo (Q2W or QM; in all patients) or ezetimibe (10 mg

or placebo daily; in atorvastatin patients only). The co-primary and secondary endpoints were similar

to that adopted in the GAUSS-2 and RUTHERFORD-2 studies.

Compared to placebo, LDL-C concentration at the mean of weeks 10 and 12 was significantly reduced

by 66% to 75% in the evolocumab Q2W group and by 63% to 75% in the evolocumab QM group in the

moderate- and high-intensity statin-treated group respectively (p , 0.001). Ezetemibe reduced LDL-C

concentration by 17-20% in moderate-intensity statin groups and 51-62% in high-intensity groups. In

patients treated with atorvastatin (10 mg or 80 mg), the addition of evolocumab reduced LDL-C

concentration by 61% to 62% (Q2W dose) and by 62% to 65% (QM dose), while ezetemibe reduced

LDL-C concentration by 17% to 24% (p , 0.001).

Adverse events were reported in 36%, 40%, and 39% of evolocumab-, ezetimibe-, and placebo-

treated patients, respectively. The most common adverse events in evolocumab-treated patients were

back pain, arthralgia, headache, muscle spasms, and pain in extremity. Serious adverse events were

reported in 2.1% of evolocumab-treated patients, 0.9% of ezetimibe-treated patients, and 2.3% of

placebo-treated patients. Neurocognitive adverse events were reported in 0.1%, 1.4%, 0% of

evolocumab-, ezetimibe-, and placebo-treated patients.

DESCARTES STUDY

The Durable Effect of PCSK9 Antibody Compared with Placebo Study (DESCARTES) study was a

randomized, double-blind, placebo-controlled, phase III trial that was conducted at 88 centers in

9 countries, and was published in the New England Journal of Medicine in May 2014. The study

compared evolocumab with placebo in patients with hyperlipidemia (LDL-C level $ 75 mg/dl provided

that fasting triglycerides , 400 mg/dl).18 After a 4-12 weeks run-in period of open-label background

lipid lowering therapy (diet alone, diet plus atorvastatin 10 mg daily, atorvastatin 80 mg daily, or

atorvastatin 80 mg daily plus ezetimibe 10 mg daily), eligible patients were randomized (2:1) to SC

evolocumab (420 mg) or placebo QM. No changes to the assigned background lipid-lowering therapy

were permitted. The primary efficacy end-point was the percent change from baseline in the LDL

cholesterol level at week 52. Secondary end-points included the absolute change in LDL-C from

baseline at week 52, the percent change from baseline in the LDL-C at week 12, and the percentage of

patients achieved LDL-C level of , 70 mg /dL at week 52, the percent change from baseline at week 52

in other lipids and lipoproteins. The long-term consistency of evolocumab effect was tested by
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comparing the percent change in the LDL-C level at week 12 with that at week 52. Among 901patients

were included in the study, 800 (88.4%) completed 52 weeks of treatment.

At 52 weeks, evolocumab treatment resulted in 57% mean reduction in LDL-C versus placebo. LDL-C

reduction was 55.7 ^ 4.2% in the diet-alone group, 61.6 ^ 2.6% in the atorvastatin 10 mg group,

56.8 ^ 5.3% in the atorvastatin 80 mg group, and 48.5 ^ 5.2% in the atorvastatin 80 mg plus

ezetimibe 10 mg group. LDL-C concentration , 70 mg/dL was achieved in 82.3%. There were also

significant reductions from baseline in apolipoprotein B, non-HDL cholesterol, lipoprotein (a), and

triglycerides, as well as 5.4% and 3.0% increases in HDL-C and apoA1.

Adverse events occurred in 74.8% patients treated with evolocumab and in 74.2% treated with

placebo. The most common adverse events on evolocumab were nasopharyngitis, upper respiratory

tract infection, influenza, and back pain. Serious adverse events were slightly higher with evolocumab

than placebo (5.5% versus 4.3%). Myalgia was reported by 4% of patients on evolocumab vs. 3% on

placebo. No anti-evolocumab neutralizing antibodies were detected in any patient.

TESLA PART B STUDY:

The Trial Evaluating PCSK9 Antibody in Subjects with LDL Receptor Abnormalities (TESLA) study was

a prospective, double- blind, placebo-controlled phase III study that has been recently published in

the Lancet journal in October 2014.16 The study enrolled 50 patients with homozygous familial

hypercholesterolemia on lipid lowering therapy for at least 4 weeks and not receiving lipoprotein

apharesis. Patients were randomized in a 2:1 ratio to receive SC evolocumab 420 mg QM or placebo for

12 weeks. The primary endpoint was percent change from baseline in LDL-C at week 12.

Compared to placebo, evolocumab significantly reduced LDL-C at 12 weeks by 30.9%

(95%CI ¼ 243.9 to 218%, p ¼ 0.001). Patients with defective receptor mutation had the best

response to treatment, and had significantly higher reduction in LDL-cholesterol compared to those

with single LDL receptor negative mutation. Evolocumab had no effect in patients with

negative/negative mutation and LDL-C increased 10% from baseline. No serious clinical or laboratory

adverse events occurred, and no anti-evolocumab antibody development.

DISCUSSION

Although statins are the mainstay of treatment for lowering LDL-C concentration, additional LDL-

lowering therapies are needed to reduce residual CV risk especially in patients at very high risk,

hereditary lipid disorders, or statin intolerance. PCSK9 inhibitors have taken another big step after the

promising data came from the recently published phase III studies. The addition of evolocumab to

existing lipid-lowering therapy has achieved significant (approximately 60%), consistent, and

sustained reduction in LDL-C levels in patients with varying levels of CV risk. PCSK9 inhibitors produced

also significant reduction of lipoprotein(a) concentration in all studies. The exact mechanism is

unknown, and further studies exploring the benefits of evolocumab in patients with elevated

lipoprotein (a) are warranted.

These results support the effectiveness of evolocumab as a treatment option in patients with

hypercholesterolemia, and help to dramatically facilitate achievement of LDL-C goals. However, the

effect of evolocumab on clinical outcome has not been yet confirmed and still waiting the results of the

ongoing large scale FOURIER (Further Cardiovascular Outcomes Research with PCSK9 inhibition in

Subjects with Elevated Risk) study which test the effect of evolocumab on primary endpoint of death,

myocardial infarction and hospitalization in 22,500 patients.

In the RUTHERFORD-2 study, the response to evolocumab was unrelated to the underlying genetic

mutation. However, these results should be viewed as a hypothesis generating, as it was not

pre-specified in the study protocol. Therefore, the genetic analysis might not be helpful in assessment

of response to evolocumab in patients with heterozygous familial hypercholesterolemia, unlike

patients with homozygous familial hypercholesterolemia in the TESLA Part B study, in whom genetic

information seems to be helpful in predicting response to evolocumab treatment

No synergism between statins and PCSK9 inhibition was observed in many trials. The addition of

evolocumab to baseline statin therapy in the LAPLACE-2 study resulted in similar percent reductions in

LDL-C levels regardless of baseline statin type, dose, or intensity. This may reflect greater up-regulation

of PCSK9 levels with high-intensity statin therapy, therefore patients may require higher doses of

the antibody.
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Evolocumab was well tolerated in all studies and was associated with low rates of adverse event.

No serious adverse events led to its discontinuation. Moreover, the low incidence of muscle related

side effects gives hope that evolocumab can be used as an alternative therapy in statin-intolerant

patients. However, long term studies are needed to determine whether there is potential harm from

such drastic reduction in LDL-C levels. Cholesterol is an important component of cell membrane and

neurons, moreover PCSK9 is involved in cortical neuron regeneration.19 Very low LDL-C level may be

associated with increased incidence of hemorrhagic stroke, neurocognitive impairment, hormonal

insufficiency, and hemolytic anemia.20 On the other hand, the Friedewald equation may underestimate

LDL-C when the level is very low.21

In results of these 5 phase III studies, Amgen announced the submission of license application to the

US Food and Drug Administration (FDA) seeking approval of evolocumab for treatment of high

cholesterol. The FDA reported that evolocumab will be reviewd on the basis of LDL-C lowering alone,

may be before the clinical outcome studies are completed. However, FDA has requested assessment of

the potential neurocognitive adverse events across the whole program despite that no signal for

such events in the all phase III trials.

WHAT HAVE WE LEARNED?

The PCSK9 story highlights the great importance of molecular medicine, and how it serves clinical

practice and development of novel therapeutic approaches to manage a large scale of diseases. These

trials showed robust efficacy and favorable safety profile that makes evolocumab a promising and

attractive therapy for high risk patients, patients with statin intolerance, and those with familial

hypercholesterolemia in addition to the currently available LDL-C lowering therapies. To date, no major

adverse effects have been reported. Ongoing phase III trials will provide more information on the long-

term safety and efficacy of PCSK9 inhibiton in reducing CV events.The long term results of these trials

are eagerly awaited, with the expectations that PCSK9 inhibitors will have a major impact on the

treatment of dyslipidemia and CV diseases.
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