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The role of low-density lipoprotein cholesterol (LDL-C) in the pathophysiology of atherosclerosis is well recognized, and statin therapy represents

the standard of care for LDL-C lowering and reduction of cardiovascular risk. However, many patients fail to achieve LDL-C goals, while others are

intolerant to statins due to side effects. Unfortunately, until recently, the efficacy of other non-statin LDL-C-lowering agents was limited, achieving

an LDL-C reduction of no more than 20%. Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) Inhibitors represent a new class of LDL-lowering

agents, producing large reductions in LDL-C. The present review aims to provide the current clinical and scientific data pertaining to this promising

new class of LDL-C-lowering agents.
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Therole oflow-density lipoprotein cholesterol (LDL-C)inthe pathophysiology
ofatherosclerosis is well recognized, and statin therapy represents the standard
of care for LDL-C lowering and reduction of cardiovascular risk. However,
many patients fail to achieve LDL-C goals, while others are intolerant to
statins due to side effects. Unfortunately, until recently, the efficacy of
other non-statin LDL-C-lowering drugs was limited, achieving an LDL-C
reduction of no more than 20%. Thus, extensive research is being carried
out to identify new LDL-C-lowering agents with an acceptable side effect
profile, which, used alone or in combination with statins, would improve
our ability to achieve LDL-C goals and reduce cardiovascular risk [1].

It has been more than a decade since Seidah et al. [2] identified the ninth
member of the proprotein convertase family, PCSK9. Proprotein Convertase
Subtilisin/Kexin Type 9 is a serine protease, mainly expressed in the liver
but also in the intestine and kidneys, located in the human chromosome
1p32.3 that encodes a 692 amino acid inactive glycoprotein [3]. It promotes
the degradation of LDL receptors (LDLR) by reducing their recycling and
targeting the receptors for lysosomal destruction, thus decreasing the rate
of removal of LDL-C from the circulation. This was demonstrated in vitro
and in mouse models and inferred by genetic studies in patients with PCSK9
mutations [4-6].

Abifadel, etal. [7] first reported that a specific heterozygous PCSK9 missense
mutation caused autosomal dominant hypercholesterolemia. Because
loss of a single allele is usually functionally inconsequential, the authors
immediately raised the possibility that PCSK9 missense mutations might
increase plasma cholesterol levels via a gain-of-function mechanism. This

has actually been shown in several clinical and experimental studies [7-10].

Since PCSKD9 is a key regulator for LDLR activity, and given the fact that
statins upregulate PCSK9 with consequent attenuation of their LDL-C-
lowering effect [11], its inhibition seems an attractive target for the treatment
of hypercholesterolemia. So far, several therapeutic strategies have been
developed in order to reduce circulating PCSK9; however, monoclonal
antibodies have emerged as the new class of drugs that very effectively lower
LDL-C levels [12].

To date, the humanized monoclonal antibodies designated AMG 145
or Evolocumab, REGN727/SAR236553 or Alirocumab, and RN316 or
Bococizumab have mostly been studied in the last few years.



In two studies named Open-Label Study of Long-Term Evaluation against
LDL Cholesterol 1 (OSLER-1) and 2 (OSLER-2), a randomized, open-
label design was used in a total of 4,465 patients with various degrees of
cardiovascular risk. Evolocumab, administered subcutaneously at a dose of
140 mg every 2 weeks or 420 mg monthly, was added to standard therapy
and compared with standard therapy alone over a period of approximately
1 year [13].

The results of these two studies, which were analyzed and reported together,
showed that after 12 weeks evolocumab, as compared with standard
therapy, reduced the LDL cholesterol level by 61% (95% confidence
interval [CI], 59 to 63; P<0.001), and this reduction remained consistent
over time. Evolocumab raised levels of HDL cholesterol and apolipoprotein
Al by 7.0% and 4.2%, respectively (P<0.001 for both comparisons) [13].

The adverse events included some non-specific ones, such as arthralgias,
headache, limb pain and fatigue, although some neurocognitive adverse
events were found to be more frequent in the evolocumab group
compared to the standard-therapy group. The rate of cardiovascular
events at 1 year was reduced from 2.18% in the standard-therapy group
to 0.95% in the evolocumab group (hazard ratio in the evolocumab

group, 0.47; 95% confidence interval, 0.28 to 0.78; P=0.003) [13].

Long-Term Safety and Tolerability of Alirocumab in High Cardiovascular
Risk Patients with Hypercholesterolemia Not Adequately Controlled with
Their Lipid Modifying Therapy (ODYSSEY LONG TERM), was a double-
blind, randomized, controlled trial of Alirocumab (150 mg SQ every 2 weeks)
versus placebo for 78 weeks in 2,341 patients at high risk for cardiovascular
events, who were already receiving the maximum tolerated doses of statins
[14].

In the ODYSSEY LONG TERM trial, the PCSK9 inhibitor alirocumab, as
compared with placebo, reduced LDL cholesterol levels in high-risk patients
by an additional 62% when added to statin therapy at the maximum tolerated
dose, with or without other lipid-lowering therapy. The effect was consistent
over a period of 78 weeks of therapy. The efficacy of alirocumab was similar
across various subgroups, including those defined according to the presence
or absence of heterozygous familial hypercholesterolemia. In addition, there
was a reduction of 26% versus placebo in the levels of lipoprotein (a) [14].

With respect to specific adverse events, the alirocumab group had higher
rates than the placebo group of injection-site reactions (5.9% vs. 4.2%),
myalgia (5.4% vs. 2.9%), neurocognitive events (1.2% vs. 0.5%), and
ophthalmologic events (2.9% vs. 1.9%). In a post hoc analysis, the rate of
major adverse cardiovascular events (death from coronary heart disease,
nonfatal myocardial infarction, fatal or nonfatal ischemic stroke, or unstable
angina requiring hospitalization) was lower with alirocumab than with
placebo (1.7% vs. 3.3%; hazard ratio, 0.52; 95% confidence interval, 0.31 to
0.90; nominal P=0.02) [14].

In another 24 week, multicenter, randomized, double blind, placebo-
controlled, parallel group, dose ranging phase 2b study (NCT01592240),
bococizumab significantly reduced LDL-C levels across all doses [15].The
primary end point was the absolute change in LDL-C levels from baseline to
week 12 after placebo or bococizumab administration. Of the 354 subjects
randomized, 351 received treatment (placebo [n= 100] or bococizumab [n =
251]). The most efficacious bococizumab doses were 150 mg Q14 days and
300 mg Q28 days. Compared with placebo, bococizumab 150 mg Q14 days
reduced LDL-C at week 12 by 53.4 mg/dl and bococizumab 300 mg Q28
days reduced LDL-C by 44.9 mg/dl (inclusive of the protocol-directed dose
reductions for LDL-C readings < 25 mg/dl in 32.5% and 34.2% of subjects at
week 10 or 8, respectively) [15].

Adverse events were similar across placebo and bococizumab groups. Few
subjects (n = 7; 2%) discontinued treatment because of treatment-related
adverse events. In conclusion, bococizumab significantly reduced LDL-C
across all doses despite dose reductions in approximately 35% of the subjects
[15].

Finally, a very recent large meta-analysis, which included 24 RCTs
comprising 10,159 patients, showed that treatment with PCSK9 antibodies
led to a marked reduction of all-cause mortality (odds ratio [OR], 0.45[CI,
0.23 to 0.86]; P = 0.015). There was also a non-significant reduction of
cardiovascular mortality, although the rate of myocardial infarction was
significantly reduced (OR, 0.49 [CI, 0.26 to 0.93]; P = 0.030). Serious
adverse events did not increase with administration of PCSK9 antibodies [16].

Based on the above initial data, there is presently a cautious enthusiasm with
the use of PCSKO9 inhibitors. However, further long-term trials are required
to definitely establish the beneficial role of these agents in the reduction of
cardiovascular risk.
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Mount Sinai Medical Center, New York, New York (10/3/2012).



Omega-3 Fatty Acids in Cardiovascular Disease

Grand Rounds
St. Francis Hospital, Roslyn, New York (12/19/2012).

Lipid Regulating Drug Pharmacology and New Frontiers in the Management of Lipid Disorders

Grand Rounds
Mount Sinai Hospital of Queens, Astoria, New York (12/12/2011).

Lecture given as part of a Medical Program entitled “Hippocrates’ Seminars - The Future of Medicine: New Paradigms in Patient Care” and sponsored by
the Hellenic Medical Society of Philadelphia in conjunction with the Hellenic Medical Society of New York.

Atlantic City, New Jersey (4/2/2011).

Current Trends in Management of Lipid Disorders

Lecture given as part of a Medical Program entitled “New Frontiers in the Treatment of Cardiovascular Disorders” and sponsored by an Educational Grant
from Biotronik, Inc.

Astoria, New York (11/15/2011).

Lectures-Presentations (Cont.):

Hypertrophic Cardiomyopathy: From Epidemiology to Electrophysiology

Medical Program sponsored by an Educational Grant from Boston Scientific Corporation.
Astoria, New York (3/17/2010).

Lipid Regulating Drug Pharmacology and Current Trends in the Management of Lipid Disorders

Grand Rounds
St. Barnabas Hospital, Bronx, New York (2/4/2010).

Long QT Syndrome — Case Presentation

Lecture given as part of a Medical Program entitled “Current Topics in Sudden Cardiac Arrest” and sponsored by an Educational Grant from Medtronic, Inc.
Astoria, New York (11/10/2009).

Statin Pharmacology and Current Trends in Management of Lipid Disorders

Lecture given as part of a Medical Program entitled “From Preventive Cardiology to Cardiovascular Surgery: Current Trends in Management and New
Perspectives” and sponsored by an Educational Grant from Medtronic, Inc.and by an Educational Grant from Terumo Cardiovascular Systems Corporation.
Astoria, New York (2/24/2009).

Hypertrophic Cardiomyopathy and Long QT Syndrome

Lecture given as part of a Medical Program entitled “Beyond Coronary Artery Disease: Inherited Causes of Sudden Cardiac Death” and sponsored by the
Sudden Cardiac Arrest Association and by an Educational Grant from St. Jude Medical, Inc.

Astoria, New York (1/14/2009).

Lipid Regulating Drug Pharmacology and Current Concepts in the Management of Lipid Disorders

Cardiology Conference at the Cardiac Arrhythmia Center
New YorkHospital Queens, Flushing, New York (3/31/2008).

Medicine/Cardiology Conference
New YorkHospital Queens, Flushing, New York (3/12/2008).

Lipid Regulating Drug Pharmacology

Cardiology Core Lecture Series
New York Hospital Queens, Flushing, New York (10/11/2007).



Lectures-Presentations (Cont.):
An Update on the Prevention of Sudden Cardiac Death

Medical Program sponsored by an Educational Grant from St. Jude Medical, Inc.
Astoria, New York (11/1/2006).

The Evaluation and Immediate Management of Chest Pain/Acute Myocardial Infarction
2005 Summer Noontime Lecture Series

Department of Medicine

New YorkHospital Queens, Flushing, New York (7/15/2005).

Unstable Coronary Syndrome and Acute Myocardial Infarction

Comprehensive Review of Internal Medicine 2002-2003
New YorkHospital Queens, Flushing, New York (10/11/2002).

Comprehensive Review of Internal Medicine 2001-2002
New YorkHospital Queens, Flushing, New York (10/12/2001).

Acute Myocardial Infarction

2002 Summer Noontime Lecture Series

Department of Medicine

New YorkHospital Queens, Flushing, New York (7/22/2002).

Evidence-based management of hyperlipidemia

Grand Rounds

Family Practice Residency Program

St. John’s Episcopal Hospital, South Shore, Far Rockaway, New York (11/6/2001).

Management of Heart Failure

Comprehensive Review of Internal Medicine 2000-2001
New YorkHospital Queens, Flushing, New York (10/30/2000).

Beta-blockade in the management of heart failure

Cardiology Conference
PennsylvaniaHospital, Philadelphia, Pennsylvania (2/9/2000).

New frontiers in the management of heart failure

Cardiology Conference
PennsylvaniaHospital, Philadelphia, Pennsylvania (4/14/1999).

Mitral valve prolapse and ventricular arrhythmias

Cardiology Conference
PennsylvaniaHospital, Philadelphia, Pennsylvania (3/11/1998).

Lectures-Presentations(Cont.)
Medical advances in the treatment of congestive heart failure: Progress through clinical trials

Grand Rounds
St. Joseph’s Hospital/ NPHS, Philadelphia, Pennsylvania (5/22/1997).



Cardiology Conference

PennsylvaniaHospital, Philadelphia, Pennsylvania (1/22/1997).

T

Monthly In-Service Meeting

CAMcare Health Corporation-Camcare Central, Camden, New Jersey (7/8/1996).

Nuclear Cardiology Case Presentation: Normal Thallium imaging in the presence of severe and extensive coronary artery disease

Cardiology Update Symposium: New Frontiers in Cardiology-1997
Four Seasons Hotel, Philadelphia, Pennsylvania (5/3/1997).

Anticoagulation in unstable angina and acute myocardial infarction

Family Practice Meeting
Philadelphia Marriott Hotel, Philadelphia, Pennsylvania (9/13/1995).

Participation in Scientific Meetings

American College of Physicians Internal Medicine 2014 Conference
Orange County Convention Center, Orlando, Florida (4/11/2014).
Faculty (Lecturer)

Transcatheter Cardiovascular Therapeutics Conference-2013 (TCT 2013)

The Moscone Center, San Francisco, California (10/27/2013).

“Hot Topics in Cardiology: ACC Highlights for the Interventional, Invasive, and General Cardiologist” — Session II: “Focus on Prevention”
Faculty (Lecturer), Moderator and Discussant

Cardiology Update Symposium: New Frontiers in Cardiology-2000
The Westin Hotel, Philadelphia, Pennsylvania (4/29/2000).
Faculty, Moderator and Member of Discussion Panel

Cardiology Update Symposium: New Frontiers in Cardiology-1998
Four Seasons Hotel, Philadelphia, Pennsylvania (10/10/1998).
Faculty, Moderator and Member of Discussion Panel

Cardiology Update Symposium: New Frontiers in Cardiology-1997
Four Seasons Hotel, Philadelphia, Pennsylvania (5/3/1997).
Faculty

Current Trends in Cardiology-1996: Advances in the Diagnosis and Treatment of Cardiovascular Disease
Four Seasons Hotel, Philadelphia, Pennsylvania (3/30/1996).

Co-Director, Faculty and Member of Discussion Panel

Peer Reviews

2015 - Present Reviewer of medical manuscripts for the medical journal “Clinical Medicine Reviews in Cardiology”.

2014 - Present Reviewer of medical manuscripts for the medical journal “Enliven: Clinical Cardiology and Research”.

2014 - Present Reviewer of medical manuscripts for the medical journal “International Journal of Cardiology and Cardiovascular Research”.
2014 Reviewer of Abstracts for the Transcatheter Cardiovascular Therapeutics Conference-2014 (TCT 2014).

2014 Peer reviewer for Elsevier’s InOrder™ order sets on the topic of “Cardiac Arrest Hypothermia Protocol”.

2013 Peer reviewer for Elsevier’s InOrder™ order sets on the topic of “Dyslipidemia”.

2013 Peer reviewer for Elsevier’s InOrder™ order sets on the topic of “Advanced Cardiac Life Support (ACLS)”.

2013 Peer reviewer for Elsevier’s InOrder™ order sets on the topic of “Acute Coronary Syndrome”.
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Alternative Media
Internet

1997 - 2001 Member of the Expert Panel in Cardiovascular Disease at the Pharmaceutical Information Network
(http://www.pharminfo.com)

The Pharmaceutical Information Network was a healthcare website with a mission to improve
healthcare by delivering products and services that provided reliable digital clinical data

and up-to-date information to healthcare professionals and consumers. Expert panels from
different medical specialties participated in on-line clinical discussions with other medical
professionals and answered on-line medical questions from patients all over the world.

Television

2011 -2014 Host of the Medical Program“HealthConcerns”, sponsored by the Mount Sinai Medical Center
on the 24-hour National Greek Television Channel (NGTV-Channel 545) in New York

The Medical Program “Health Concerns”, sponsored by the Mount Sinai Medical Center,included
discussions with experts from different medical specialties regarding topics of interest within their
area of expertise. The experts also answered live call-in questions from the television audience. [In Greek].

2008 —2010 Host of the Medical Program“Hippocrates’ Forum”, sponsored by the Cardiovascular Group
“Cardiovascular Associates of New York” and the Lenox Hill Hospital on the 24-hour National Greek
Television Channel (NGTV-Channel 545) in New York

The Medical Program “Hippocrates’ Forum”, sponsored by the Cardiovascular Group
“Cardiovascular Associates of New York” and the Lenox Hill Hospital,included discussions with
experts from different medical specialties regarding topics of interest within their area of expertise.
The experts also answered live call-in questions from the television audience. [In Greek].



Alternative Media
Television(cont.)

2004 — 2008 Host of the Medical Program, sponsored by the KyreniaCardiovascularCenter and the New York
Hospital Queens on the 24-hour National Greek Television Channel (NGTV-Channel 545) in New York

The Medical Program, sponsored by the Kyrenia Cardiovascular Center and the New York
Hospital Queens, included discussions with experts from different medical specialties regarding
topics of interest within their area of expertise. The experts also answered live call-in questions
from the television audience. [In Greek].

2000 — 2002 Guest Specialist in Cardiovascular Disease on the Medical Program, sponsored by the Kyrenia
Cardiovascular Center and the New York Hospital Queens on the 24-hour National Greek Television

Channel (NGTV-Channel 545) in New York

Cardiovascular topics included:

3/27/2002 Heart Murmurs
1/16/2002 Syncope
11/14/2001 Acute Myocardial Infarction
10/24/2001 Hypercholesterolemia
6/20/2001 Cardiac Pacemakers
5/16/2001 Valvular Heart Disease - Cardiac Arrhythmias - Hypertension
2/28/2001 Management of patients with acute myocardial infarction after discharge
from the hospital
12/27/2000 Effect of extreme weather conditions on patients with coronary artery disease
11/15/2000 Endocarditis - Pericarditis
10/18/2000 Atrial Fibrillation
10/11/2000 Heart Failure
9/13/2000 Coronary Artery Disease - Cardiac Arrhythmias
Alternative Media
Television(cont.)
10/2/2001 Guest Specialist in Cardiovascular Disease on the medical program “Correct Motion-Better Health”

on the 24-hour National Greek Television Channel (NGTV-Channel 545) in New York

The medical program “Correct Motion-Better Health”, sponsored by the physical therapists
Dimitrios Kostopoulos, PT, PhD and KonstantineRizopoulos, PT, FABS and the organization
Hands-On Physical Therapy, PC, included discussions with experts from related medical specialties
regarding topics of interest within their area of expertise. The experts also answered call-in questions
from the television audience. [In Greek].

Subject: Coronary Artery Disease
Radio

5/3/2014 Guest Specialist in Cardiovascular Disease on the medical program “Health and Life” on the
Greek-American radio station COSMOS FM (WNYE 91.5 FM - New York)

The medical radio program “Health and Life” is an informative series on various medical issues.
In addition, medical news are presented and medical advice is given by experts from different

medical specialties. [In Greek].

Subject: The significance of HDL Cholesterol



2/26/2011 and 3/7/2009 Guest Specialist in Cardiovascular Disease on the medical program “Health and Life” on the
Greek-American radio station COSMOS FM (WNYE 91.5 FM - New York)

Subject: Coronary Artery Disease

9/23/2000 Guest Specialist in Cardiovascular Disease on the medical program “Praise of Health” on the
bilingual Greek-American radio station AKTINA FM (WNYE 91.5 FM - New York)

The medical radio program “Praise of Health” was an informative series on various medical issues.
Experts from different medical specialties discussed topics of interest within their area of expertise
and answered live call-in questions from the radio audience. [In Greek and English].

Subject: Coronary Artery Disease
Alternative Media
Newspapers-Magazines:

2012 -2013 Regular contributor to the medical column “Health Tribune”in the “Magazine” of the
Greek-American newspaper “The National Herald”. [In Greek].

2/2002 Article entitled “Coronary artery disease - Etiology, symptoms and treatment” in “Eseis”,
a Greek-American magazine. [In Greek].

11/11-12/2000 Article entitled “What is coronary artery disease” in “Proini”, an Independent Greek-American
daily newspaper. [In Greek].

Constantine E. Kosmas, M.D., Ph.D.

Constantine E. Kosmas, M.D., Ph.D., FACC, FACP is a Clinical/Academic/Non-Invasive cardiologist and Clinical Lipidologist, currently serving as the
Director of Lipid Clinic at a large private practice in New York (Cardiology Unlimited, P.C.) and he is affiliated with Mount Sinai Medical Center as an
Assistant Clinical Professor of Medicine. He was born in Athens, Greece. He graduated with “Excellent” from the University of Athens Medical School,
Athens, Greece and he was also granted a doctorate (Ph.D.) by the University of Athens Medical School. The title of his doctoral thesis was: “Substitution of
the left and right ventricles by counterpulsation pumps during ventricular fibrillation. Mechanism of the hemodynamic effect of the right ventricular pump”.

Dr. Kosmas completed his residency in Internal Medicine at St. John’s Episcopal Hospital, Far Rockaway, NY and his fellowship in Cardiology at Episcopal
Hospital, Philadelphia, PA. Prior to his current employment, he has served as Assistant Professor of Medicine at Icahn School of Medicine at Mount Sinai and
Medical Director of Mount Sinai Advanced Cardiovascular Group, as well as Clinical Assistant Professor of Medicine at the Medical School of the University
of Pennsylvania and at the Weill Medical College of Cornell University. Dr. Kosmas has also served as Director of Clinical Services and Associate Director
of Nuclear Cardiology at Episcopal Hospital, Philadelphia, PA, as well as Acting Director of Coronary Care Unit at New York Hospital Queens, Flushing,
New York.

In addition to his expertise in Preventive Cardiology/Clinical Lipidology and Nuclear Cardiology, Dr. Kosmas has been also involved in “Chest Pain
protocols”, including triage of patients with chest pain in the Emergency Department, as well as management protocols of Acute Coronary Syndrome (ACS)
patients in CCU. He was actually invited to speak at the Annual American College of Physicians (ACP) Conference in Orlando, FL (April 11, 2014) on the
subject of “Chest Pain in the Hospital”.

Dr. Kosmas holds Board Certifications in Cardiovascular Disease, Nuclear Cardiology and Clinical Lipidology. He has also been extensively involved in
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