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1.7% reduction) in myocardial infarctio®£0.002) and Reasons for lack of achieving the desired LDL-C levels are
a 21% relative reduction (absolute: 0.7% reduction) imariable and likely include high baseline lev@lescription
ischemic stroke £=0.008). These data support evidencef inadequate statin doses, poor adherence, amaithidity
from meta-analyses demonstrating merit in attaining vety tolerate an adequate statin dose. Statin-associated
low levels of LDL-C; these meta-analyses demonstratauscle symptoms are a frequent cause for patients to not
additional reductions in cardiovascular events in patientake statins or to only take a low dose. The Prediction of
achieving LDL-C levels of 1.8 mmol/L (70 mg/dL) Muscular Risk in Observational conditions (PRIMO) study
or 1.3mmol/L (50 mg/dL)!* A Cholesterol Treatment found that 10% of patients in community practice who
Trialists (CTT) meta-analysis demonstrated a 37%- relavere taking high-dose statins reported muscle symptoms,
tive risk reduction in major vascular events with LDL-Ca rate significantly higher than suggested by placebo-
reductions of 1.8 mmol/L (70 mg/dL) in statin-treated controlled clinical trials® On average, patients fail to take
patientst! Post hoc analysis of the Justi cation for the Userescribed statins20% of the tim&+'8 and approximately
of Statins in Prevention: an Intervention Trial Evaluatindpalf of patients discontinue statin therapy byears!’°
Rosuvastatin (JUPITER) trial, which evaluated the ef cacyPoor adherence with resulting elevated LDL-C levels
of rosuvastatin as primary prevention in patients with golace patients at risk for hypercholesterolemia-associated
LDL-Cof 3.4mmol/L ( 130mg/dL) but high-sensitivity morbidity and mortality. Overall, these data demonstrate
C-reactive protein 2.0 mg/L, found that patients who that additional options are needed to assist patients toward
attained an LDL-C of 1.3 mmol/L ( 50 mg/dL) had a achieving the required LDL-C levels. The recent approval
65% reduction in the occurrence of a cardiovascular evesit monoclonal antibodies against proprotein convertase
or death from cardiovascular causs 0.0001) compared subtilisin/kexin type 9 (PCSK9) by the US Food and Drug
with placebo. By comparison, patients who did not attain akdministration and the European Medicines Agency, among
LDL-Cof 1.3mmol/L ( 50mg/dL) achieved only a 24% other regulatory agencies, provides physicians with another
reduction?? Likewise, post hoc analysis of the PravastatihDL-C-lowering option.
or Atorvastatin Evaluation and Infection Therapy — Throm
bolysis in Myocardial Infarction 22 (PROVE IT-TIMI 22) PCSK9
trial, which evaluated the ef cacy of moderate (pravasta®PCSK9 is a serine protease involved in cholesterol metabo
tin, 40 mg/d) or intensive (atorvastatin, 80g/d) statin lism that is enzymatically inactive following secretion.
therapy plus gati oxacin antibiotic therapy in patients withPCSK9 is a proprotein convertase belonging to the -subti
a recent acute coronary syndrome, found that patients wlase subfamily® In healthy humans, plasma PCSK9 levels
achieved an LDL-C of 1.0-1ramol/L (40-60mg/dL) or decrease with fasting and increase following mé&fs.
1.0mmol/L ( 40mg/dL) had further reductions in ear Shortly after the discovery ¢fCSK9,2® it was shown that a
diovascular events compared with patients who achievedin-of-function mutation ifCSK9 is associated with famil
an LDL-C of 2.0-2.6mmol/L ( 80-100mg/dL)® Post ial hypercholesterolemid:2*Further research demonstrated
hoc analysis of the Treating to New Targets study showggat loss-of-function mutations IRCSKY are associated
a signi cant reduction in the rate of major cardiovasculawith reduced LDL-C concentrations and that these lifetime
events across ve quintiles of on-treatment-achieved LDL-@ductions confer substantial protection against coronary
concentrations ranging from2.7mmol/L ( 106mg/dL) artery diseas&?" PCSK9 gene expression is regulated by
to 1.6 mmol/L ( 64 mg/dL;P 0.0001)* the nuclear transcription factor sterol regulatory element-
Although substantial evidence supports reaching lowkinding protein-Z8 Levels of sterol regulatory element-
LDL-C levels, many statin-treated patients fail to reach thanding protein-2 are increased by statin therapy, which thus
desired LDL-C levels. A meta-analysis of eight statin trialalso increases PCSK9 levels. PCSK9 inhibition may thus
found that out of patients receiving high-dose statin therafgye an especially useful therapeutic strategy in statin-treated
13% failed to reach the LDL-C level of2.6 mmol/L  patients.
( 100 mg/dL) and 40% failed to reach1.8 mmol/L In adults, PCSK9 is expressed predominantly in the liver,
( 70mg/dL)° Results are more worrisome in communityand to a lesser extent in the intestine and kiéh@wrrently,
practice with an international survey nding that 70% of verythe only known physiologically relevant function of circulat
high-risk patients (of whom 80% were receiving a statin) failddg PCSKO9 is to regulate LDL receptor (LDLR) in the liver.
to reach the LDL-C level of 1.8 mmol/L ( 70mg/dL)® PCSK9 increases LDL-C concentrations through interference
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with normal physiologic hepatic LDLR recycling. LDL ~ Monoclonal antibody structures vary according to the
particles are largely removed from the circulation via thproportion of murine components and production methods.
LDLR, which are located on the surface of hepatocytes. Thdter the development of early murine antibodies, investiga
LDLR binds LDL and the complex enters the cell through #ors sought to replace murine components with human com
clathrin-coated vesicle. Intracellularly, the LDL and LDLRponents to reduce the immunogenicity of the antibc@igs.
dissociate. LDL is delivered to a lysosome and degradedf particular concern is the potential for the development
while the LDLR is recycled back to the hepatocyte ceH suof neutralizing antibodies that can reduce the therapeutic
face (Figure 1A).?° PCSK?9 interferes with this process byef cacy of monoclonal antibodie€®. Further development
preventing the separation of the LDLR from LDL. PCSK9nitially resulted in chimeric antibodies, which consisted
binds to the cell-surface LDLR; upon LDL binding andof a human antibody with murine variable regions. Next,
internalization, the PCSK9-bound LDLR fails to separatbumanized antibodies were generated, which contained all
from the LDL particle. As a result, the LDLR is deliverechuman components except for the antigen-binding comple
to the lysosome and degraded along with the LDL, thusentarity-determining regiori¢Finally, fully human mono
bypassing the process of recycling to the hepatocyte celbnal antibodies were developed using novel platfGfriis.
surface (Figure 1B% The diminished LDLR concentra Evolocumab and alirocumab are fully human anti-PCSK9
tion on hepatocyte cell surfaces results in elevated plasmanoclonal antibodie®;**-**while bococizumab is a human
LDL-C due to reduced clearance of LDL. Inhibiting PCSK9zed monoclonal antibod¥.

therefore results in improved LDLR recycling, increased

availability of LDLR on hepatocyte cell surfaces, increaselinical trials

LDL plasma clearance, and reduced blood LDL-C levelg\ large number of clinical trials have now been conducted
making PCSKO9 inhibition an effective therapeutic strategwith anti-PCSK9 antibodies, demonstrating that these agents

for LDL hypercholesterolemia. lead to substantial reductions in LDL-C when administered
as monotherapy or in combination with statins and/or
PCSK9 monoclonal antibodies ezetimibe to patients with nonfamilial and familial forms

Currently, most of the data for PCSK9 inhibition come fronof hypercholesterolemia. Published randomized controlled
studies with monoclonal antibodies that are directed agairi&tase Ill trials evaluating evolocumab and alirocumab are
PCSK9 and prevent its interaction with the LDLR (Table summarized in Table 2. In patients without homozygous
and Figure 1Cj**2Therapeutic monoclonal antibodies playfamilial hypecholesterolemia (HoFH), evolocumab led to
important roles in the management of many in ammatorynean reductions in LDL-C of 48%-76% compared with
disorders and cancers because of their ability to bind toplacebo and of 38%—-47&mpared with ezetimibe after 12
selected target highly speci cally, but they have not beeor 52weeks otreatment**Alirocumab led to mean reduc
widely used in the management of cardiovascular diseasens of 46%—-62% compared with placebo and 24%—32%
as yet. Monoclonal antibodies are target-speci ¢ antibodiemmpared with ezetimibe after &keks of treatmerit>°
created through recombinant DNA technology. Thesdote thatreductions are consistently reported within this
proteins have the characteristic Y-shaped protein structueview as placebo/contrabrrected rather than as change
of B-cell-derived antibodies and are designed to bind tofeom baseline.

single therapeutic target with high speci ciyMonoclonal

antibodies exert their therapeutic action through a variefgombination with statins

of mechanisms, including direct effects associated with thalding a PCSK9 inhibitor to background statin therapy offers
binding of the antibody to the target (target blockade, treeuseful strategy to further lower LDL-C in patients unable
mechanism by which current anti-PCSK9 monoclonatantio achieve optimal LDL-C levels with statin therapy. The
bodies exert their effect}2 and indirect effects involving majority of clinical trials conducted with PCSK9 inhibitors
depletion of cells targeted by the monoclonal antifédy.have evaluated this combination and have included a diverse
Monoclonal antibodies are administered parenterally (intrgatient population treated with widely varying statin dose
venously, intramuscularly, or subcutaneou&lglimination intensities. In some trials, additional non-statin lipid-lowering
occurs not through the liver or kidneys, but primarily througtherapy was also allowed with ezetimibe, the most commonly
antigen-speci ¢ target-mediated disposition and nonspeci ased second agefiti®44951-53lean reductions in LDL-C
pathways of the reticuloendothelial syst&m. compared with placebo plus background statin therapy
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Figure 1 LDL Recycling, PCSK9 Function, and Effect of PCSK9 Inhibition

Notes: (A) LDLRs are found on the hepatocyte cell surface. Upon binding an LDL particle, the LDLR-LDL particle complex enters the hepatocyte in a clathrin-coated
vesiclelntracellularly, the LDL and LDLR dissociate. LDL is delivered to a lysosome and degraded, while the LDLR is recycled back to the hepatocyte &)li BGEK®. (

interferes with the LDLR recycling by preventing the separation of the LDLR from LDL. PCSK9 binds to the cell-surface LDLR; upon LDL binding and internalization, the
PCSK9-bound LDLR fails to separate from the LDL particle. As a result, the LDLR is delivered to the lysosome and degraded along with the LDL, thus bypassing the process
of recycling to the hepatocyte cell surfac€)( Monoclonal antibodies directed against PCSK9 prevent its interaction with the LDLR.

Abbreviations: LDL, low-density lipoprotein; LDLRs, LDL receptors; PCSK9, proprotein convertase subtilisin/kexin type 9.

among patients receiving PCSK9 inhibitors in addition ton uence the magnitude of lipid lowering achieved with
statins, with or without other lipid-lowering therapy, ranged®CSK9 inhibition. In the Durable Effect of PCSK9 Antibody
from 48% to 76% at week 12 in trials of evolocumab an@ompared with Placebo Study (DESCARTES), patients were
from 46% to 62% at week 24 in trials of alirocum¥&ls:#"515%  assigned a statin dose based on their screening LDL-C and
Different intensities of baseline therapy do not appear dational Cholesterol Education Program Adult Treatment
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Table 1 Anti-PCSK9 monoclonal antibodies marketed or in Phase Il development

Generic name Brand name Manufacturer Marketing status Approved
dosing regimens
Evolocumab Repatha Amgen, Inc. (Thousand Oaks, Marketed 140 mg SC Q2W
CA, USA) 420 mg SC QNP
Alirocumab Praluent Sanofi-Aventis and Regeneron Marketed 75 mg SC Q2W
(Tarrytown, NY, USA) 150 mg SC Q2w
Bococizumab - Pfizer, Inc. (New York, NY, USA) Investigational (Phase IIl) -

Notes: #Primary hyperlipidemia with established clinical atherosclerotic cardiovascular disease or heterozygous familial hypercholesteootexygous familial
hypercholesterolemigif LDL-C response is inadequate with 75 mg SC Q2W.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9; Q2W, every 2 weeks; QM, monthly; SC, subcutaneously.

Panel 11l risk level. Mean LDL-C reductions with monthlyReduce Elevated LDL-C in Subjects Currently Not Receiving
evolocumab compared with placebo at week 52 were 4896ug Therapy for Easing Lipid Levels-2 (MENDEL-2)
in those receiving atorvastatin 8@y plus ezetimibe 1hg, trial evaluated evolocumab monotherapy in patients
57% in those receiving atorvastatinr@ alone, 62% in those with screening LDL-C 2.6 mmol/L ( 100 mg/dL)4®
receiving atorvastatin 1Mg, and 56% in those receiving The LDL-C reduction achieved with evolocumab in this
diet alone as their baseline concomitant therapy with evplacebo-controlled trial (55%-57% vs placebo) was similar
locumab®* In the LDL-C Assessment with PCSK9 Mano to that seen when evolocumab was added to statins. Further
clonal Antibody Inhibition Combined with Statin Therapy-2evidence comes from the diet-only arm of DESCARTES,
(LAPLACE-2) trial, in which patients were randomized towhich showed that evolocumab monotherapy led to a 56%
a baseline statin dose, mean LDL-C reductions with evebypL-C reduction compared with placeffarlhe MENDEL-2
2-week evolocumab compared with placebo at week 12 weril also compared evolocumab monotherapy with ezetimibe,
68%-76% in patients receiving high-intensity stains andding that evolocumab reduced LDL-C by 38%—39% eom
68%—71% in those receiving moderate-intensity statins. pared with ezetimib®. Alirocumab was also evaluated as
Whether PCSK9 inhibitors can provide additional LDL-Gmonotherapy in patients with screening LDL-@.6mmol/L
lowering in patients receiving combination therapy with statid 100 mg/dL) in the Ef cacy and Safety of Alirocumab
and ezetimibe is an important and clinically relevant questid@AR236553 (REGN727) vs Ezetimibe in Patients with
in the face of the recently published IMPROVE-IT tfial. Hypercholesterolemia (ODYSSEY MONO) trial. This study
In trials that enrolled patients with heterozygous familialitilized ezetimibe as its only comparator and alirocumab
hypercholesterolemia (HeFH), more than half of the patientsduced LDL-C by 32% vs ezetimiB?CSK?9 inhibition is
were receiving ezetimibe in addition to their stdtiThese thus an effective lipid-lowering strategy even if LDLRs are
trials demonstrated robust LDL-C lowering among alhot upregulated by statins.
patients, and in subgroup analysis of the Reduction of LDL-C
with PCSK Inhibition in Heterozygous Familial Hypereho LOng-term therapy
lesterolemia Disorder (RUTHERFORD-2) trial, evolocumalata from long-term trials demonstrate that the LDL-C-
lowered LDL-C to a similar extent between patients receivowering effect of PCSK9 inhibitors is durable. Patients who
ing ezetimibe and those who were ffdidditional data are had enrolled in one out of 12 Phase Il or lll evolocumab
available from the DECARTES trial. Among 189 patientsrials were eligible to enroll in the Open-label Study of Long-
receiving atorvastatin 8thg plus ezetimibe 1éng daily, Term Evaluation against LDL Cholesterol (OSLER)-1 and
the addition of monthly evolocumab resulted in an averaggSLER-2 studie& In these studies, 4,465 patients were ran
LDL-C reduction of 48% when compared with placébo. domized 2:1 to receive evolocumab plus standard therapy or
standard therapy alone. At week 12, evolocumab therapy was
Monotherapy associated with a 61% reduction in LDL-C compared with
Because statin therapy upregulates PCSK9 expression, istandard therapy alone, similar to the 58% reduction observed
important to know whether PCSK9 inhibition is less effective iat 48weeks. Further long-term data for evolocumab come
patients who are not receiving statins and thus do not have higim the DESCARTES trial, which found a 58% reduction
PCSKO levels. The Monoclonal Antibody against PCSK9 tm LDL-C with monthly evolocumab treatment compared
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—24% to-31% vs EZE
—33% t0—49% vs statin

-51% vs PLA

75-150 mg Q2W
75-150 mg Q2vi#

24
24

Statint other
non-EZE LLT

LLT
Statint other

2.6 mmol/L ( 100 mg/dL) — CV risk factors
Notes: “Least squares mean percent change from baseline vs control; control may include background statin or other lipid-lowering therapy as indicated in the “background lipid therapy in all #Pat&ntsltandomized to one

of five background statin doses: moderate intensity (atorvastatin 10 mg, simvastatin 40 mg, or rosuvastatin 5 mg daily) or high intensity (atorvastatin 80 mg or rosuvastatin 40 mg daily). (Low-dose statin permitted: 70 mg atorvastatin;

2.6 mmol/L ( 100 mg/dL) — no CVD

1.8 mmol/L ( 70 mg/dL) — CVD
High CV risk

1.8 mmol/L ( 70 mg/dL) — CVD

HeFH

249
205

ODYSSEY FH II
ODYSSEY

OPTION |
140 mg simvastatin, pravastatin, lovastati@ mg rosuvastatin; 280 mg fluvastatin. Patients assigned background LLT according to screening LDL-C and NCHP #ékcategory: diet alone, diet plus atorvastatin 10 mg PO daily,

diet plus atorvastatin 80 mg PO daily, or diet plus atorvastatin 80 mg PO daily and ezetimibe 10 mg PBoffilys a rare severe genetic disorder that most commonly results from mutations in both LDLR alleles. HoFH respands
poorly to conventional cholesterol-lowering medications because of severe impairment in LDLR fuistticing dose of 75 mg Q2W with uptitration to 150 mg Q2W at week 12 if LDIL.8 mmol/L ( 70 mg/dL)Randomization:

alirocumab, ezetimibe 10 mg daily, or doubling of baseline atorvastatin dose (from 20 to 40 mg or from 40 to 80 mg or switch to rosuvastatin 40 mg daily).
an anti-PCSK9 antibody in Statirtolerant Subjects Study 2; HeFH, heterozygous familial hypercholesterolemia; HoFH, homozygous familial hypercholesterolemia; LAPLACE-2, LDL-C Assessment with PCSK9 Monoclopal Antibody

Inhibition Combined with Statin Therapy-2; LDL-C, low-density lipoprotein cholesterol; LDLR, LDL receptor; LLT, lipid-lowering therapy; MENDEL-2, Monoclonal Antibody against PCSHIeteaftiLEe -C in Subjects Currently

Not Receiving Drug Therapy fdEasing Lipid Levels-2; NCEP AMPNational CholesteroEducation Program Adult Treatment Paiél NFH, nonfamilial hypercholesterolemia; PCSK9, proprotein convertase subtilisin/kexin type 9;
PLA, placebo; PO, orally; Q2W, every 2 weeks; QM, monthly; RUTHERFORD-2, Reduction of LDL-C with IRGiSii®n in Heterozygous Familial Hypercholesterolemia Disorder; TESLA Emadiating PCSK9 Antibody in Subjects

Abbreviations: CV, cardiovascular; CVD, CV disease; DESCARTES, Dug#fielet of PCSK9 Antibody Compared with Placebo St&#E, ezetimibe; FH, familial hypercholesterolemia; GAUSS-2, Goal Achievement after Utiligzing
with LDL Receptor Abnormalities.

with placebo at week 12 and a 57% reduction at week 52.
Prolonged therapy with alirocumab was evaluated in the
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) trial, which included 2,341
patients who received alirocumab forw@eks* The mean
LDL-C reduction at weeks 24 and 78 were 61% and 52%,
respectively, compared with placebo in intention-to-treat
analysis. When patients who discontinued therapy early were
excluded, the mean reduction at 78 weeks was 58%.

Effect on lipoprotein(a)

Lipoprotein(a) (Lp(a)) is an independent risk factor for car
diovascular disea%€é® and is not lowered by statins or other
currently available lipid-lowering therapy apart from nicotinic
acid® PCSK9 inhibition results in statistically signi cant
reductions in plasma Lp(&)>*When compared with baseline,
evolocumab monotherapy reduced Lp(a) by 18%—-20% after
12weeks and alirocumab monotherapy reduced Lp(a) by 17%
after 24weeks®>*When added to moderate- or high-intensity
dose statin therapy, reductions in Lp(a) with evolocumab ranged
from 24% to 39% and the reduction with alirocumab was 28%
in two representative triats*° In an analysis of multiple evo
locumab trials, reductions in Lp(a) were positively correlated
with LDL-C reduction$?Although the mean percentage reduc
tion in Lp(a) was signi cantly greater in those patients with
baseline Lp(a) of 125 nmol/L, the absolute reduction was
substantially larger in those with levels 0125 nmol/L.

Effect on high-density lipoprotein

cholesterol and triglycerides

Whether PCSK9 inhibitors affect high-density lipoprotein
cholesterol (HDL-C) or triglyceride levels is of clinical
interest. In the MENDEL-2 trial, evolocumab monotherapy
increased HDL-C by 6%—-9% compared with placebo
(P 0.01)% Reductions in triglyceride levels were 6% with
evolocumab 14éng every 2veeks (Q2WpP=0.72) and 18%
with evolocumab 42fhg every 4veeks £ 0.001) compared
with placebo. In the ODYESSY MONO trial, alirocumab
monotherapy increased HDL-C by 6% compared with
ezetimibe P=0.02)> The mean reduction in triglycerides
was 2% P=0.74) compared with ezetimibe.

Special populations

Heterozygous familial hypercholesterolemia

Trials evaluating the addition of PCSK9 inhibitors to maximal
therapy with statins plus ezetimibe and/or other lipid-lowering
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therapies have shown substantial mean LDL-C reductionsSfatin intolerant

51%-59% compared with placebo in patients with H&FH. Patients who are unable to tolerate statins due to muscle-
Data from the RUTHERFORD-2 trial suggest that the naturelated or other side effects represent a population who may
of the LDLR mutation and its residual function, if a mutabene t from the alternative mechanism of action offered by
tion had previously been functionally characterized, dod3¥CSK?9 inhibitors. Due to the subjective nature of muscle
not in uence the magnitude of LDL-C lowering in responssymptoms associated with statin therapy and the highpreva
to PCSKO inhibitiorf® In a post hoc exploratory subgrouplence of muscle symptoms in general, regardless of statin
analysis of patients with a single LDLR causative mutatiotieatment, the true number of patients with statin intolerance
in this trial, mean reductions for evolocumab vs placebo weiedif cult to ascertairf>*The PRIMO study found that 10%
55%—61% for patients with an LDLR-negative mutationof patients receiving high-dose statins in clinical practice
49%-66% in patients with an LDLR-defective mutationexperienced muscle symptoms, which were associated with
62%—-63% in patients with an unclassi ed LDLR muta activity limitations in more than one-third of these patiéhts.
tion, and 43%—64% in patients with no mutation identi edEffective options for LDL-C lowering in patients who
Patients with HeFH have one nonmutated LDLR allele, arminnot tolerate statins are limited. The Goal Achievement
upregulation of this fully functional allele likely accounts forafter Utilizing an anti-PCSK9 antibody in Statin Intolerant
the majority of the response, making the contribution, if anfgubjects Study 2 (GAUSS-2) trial evaluated evolocumab in

by the mutated allele less relevant. 307 patients who had failed two or more statins and could
tolerate either no statin or only a low dose of stétirthe
Homozygous familial hypercholesterolemia majority of patients had discontinued prior statins due to

HoFH is a rare severe genetic disorder that most commomhyalgia. However, 20% of patients had experienced either
results from mutations in both LDLR alleles. LDL-C eon myositis (de ned as muscle symptoms with creatine kinase
centrations are extremely high (typicallyl2.9 mmol/L  elevation) or rhabdomyolysis. Notably, 56% of patients
[500 mg/dL] in untreated patients) and premature cardiavere at high risk for coronary heart disease as classi ed
vascular disease is ubiquitous, often leading to early deattay the National Cholesterol Education Program. Patients
HoFH responds poorly to conventional cholesterol-loweringrere randomized to receive either ezetimibe or evolocumab
medications because of severe impairment in LDLRfunéeither 140mg Q2W or 420mg monthly). Both regimens
tion, with LDL-C reductions of only25% with statin§?%  of evolocumab resulted in a mean 38% reduction in LDL-C
Evidence supporting the ef cacy of PCSK9 inhibition withcompared with ezetimibe. Evolocumab was well tolerated in
evolocumab in patients with HoFH comes from the Triahis population of patients who had a strong history of muscle
Evaluating PCSK9 Antibody in Subjects with LDL Receptosymptoms with statin use. Myalgia was reported in 7%—9% of
Abnormalities (TESLA) Part B tridt In this study of 49 patients receiving evolocumab and 18% of patients receiving
patients with HoFH and a baseline mean (standard deviatieretimibe. Data from the ODYSSEY ALTERNATIVE trial
[SD]) LDL-C of 9.0 (3.5) mmol/L (348 [135] mg/dL) who indicate that alirocumab is also effective in a population of
were receiving statins and other lipid-lowering therapy othgratients who had failed two statins for muscle symptdms.
than apheresis, the addition of monthly evolocumab led Tthis trial included a single-blind placebo run-in phase
a mean 31% reduction in LDL-C compared with placeb@N=361) during which 47 patients who experienced muscle
This percentage reduction, while smaller in magnitude th&ymptoms (13%) were excluded. Additionally, an atorvastatin
those observed in other populations, corresponded t®2@mg control arm was included along with an ezetimibe
mean absolute LDL-C reduction of 2vdnol/L (94mg/dL) control, and all arms were placebo controlled. Results from
and is considered clinically meaningful in this high-riskhis trial demonstrated a 30% reduction in LDL-C with
population. Prespeci ed subgroup analysis of this trial suglirocumab compared with ezetimibe. Interestingly, muscle-
gested that some residual LDLR functionality is requiretklated adverse events were statistically signi cantly lower
for LDL-C-lowering activity. Patients with defective LDLR in the alirocumab arm compared with the atorvastatin arm
mutation status in at least one allele showed statisticall$2% vs 46%P=0.042). While demonstrating the ef cacy
signi cant LDL-C reductions of 24%—47%, while the of PCSK9 inhibition in this stain-intolerant population, the
single patient with negative LDLR mutation status irODDYSSEY ALTERNATIVE trial also adds to the body of
both alleles experienced a 10% increase from baselilierature illustrating the complexity and multifaceted nature
in LDL-C. of statin-associated muscle symptoms with a signi cant
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proportion of patients excluded during the placebo run-ifiable 3 Adverse events occurring in3% of monoclonal antibody-

Wh||e many patlents were able to take atorvasta“n treated patlents and more frequently than with placebo
Adverse event Placebo (%) Monoclonal
Safety antibody 2 (%)
Evolocumab is generally well tolerated and few patien%’;';’ég"f‘r;)‘c’z'week trial N=302 N=599
discontinued this agent due to adverse events. In the placebggopharyngms 96 105
controlled evolocumab monotherapy trial, MENDEL-2 Upper respiratory tract infection 6.3 9.3
adverse event rates were comparable between evolocurif#gnza 6.3 7.5
. . . Back pain 5.6 6.2
0,

and placebg (44% in (_—:-a_lch arfhgerious events occurred_m Injection-site reactiorts o 57
1.3% of patients receiving evolocumab and 0.6% of patientg,gn 3.6 45
on placebo. Adverse events led to study drug discontinuérinary tract infection 3.6 45
tion in 2.3% of patients receiving evolocumab and 3.9% &fnusitis 3.0 4.2

tient . | bo. Iniecti it ti I?—Iﬁadache 3.6 4.0
Pa ients receiving placebo. mec ion-site reactions occurr Jalgia 2.0 40
in 5% of each arm. The alirocumab monotherapy triabizziness 26 3.7
ODYSSEY MONO, was ezetimibe controlled; adverse eventédusculoskeletal pain 3.0 33
occurred in 69% of patients receiving alirocumab and 78656'“:9”5'0” ;Z 2(2)

. .. .. . . . . larrnea . .

of patients receiving ezetimib&Statin combination trials . coenteritis 20 3.0

revealed no increase in adverse events when PCSK9-inhibiolocumab — seven pooled N=1,224 N=2,052
tors were added to statifi$? Longer term studies showed 12-week placebo-controlled trials
continued tolerability. After 52veeks of evolocumab treat \asoPharyngits 3.9 4.0

) . . Alirocumab — nine N=1,276 N=2,476
ment, 2% of patients discontinued treatment for an adverﬁgcebo_contm”ed trials ©

event compared with 1% of patients receiving plac¢éhtier  Nasopharyngitis 11.1 11.3
78 weeks of alirocumab treatment, 7% of patients discofection-site reactiorfs 51 7.2
. . . Infl 4.6 5.7
tinued for an adverse event compared with 6% of patienis "% .

o finary tract infections 4.6 4.8
receiving placeb® The most common adverse event$iarrhea 4.4 4.7
occurring in clinical trials of evolocumab and alirocumalBronchitis 338 4.3
are summarized in Table*3% Myalgia 3.4 42

A ial ith | dmini . tMuscle spasms 2.4 3.1
potentla concern wit ong-term administration OSinusitis 27 30

bi0|09ic agents is the development of neUtra"Zing antidrqg)tes: #Both indicated doses combinetgrythema, pain, and bruisingnedian
antibodies and loss of ef cacy over time. Pooled data froitrgatment duration, 65 weekserythema/redness, itching, swelling, pain/tenderness.
. . Data from references 42 and 43.

placebo- and active-controlled evolocumab trials demonStratﬁ)reviation: DESCARTES, Durablgffect of PCSK9 Antibody Compared with
that 0.1% of evolocumab-treated patients developed bindiRgeepo Study.
antidrug antibodies with no neutralizing antibody formation;
these binding antibodies were not associated with altergtlicose increased by 0.07 (0.04) mmol/L (1.3 [0.7] mg/dL)
pharmacokinetics, safety, or clinical respofisBooled from baseline with evolocumab compared with 0.02 (0.05)
data from ten placebo- and active-controlled alirocumatamol/L (0.4 [0.9] mg/dL) with placebo. The mean (standard
trials demonstrated binding antidrug antibodies in 4.8%rror) glycated hemoglobin increase was 0.02% (0.02) with
of alirocumab-treated patients and 0.6% of control-treateolocumab vs 0% (0.03) with placelidn the ODYSSEY
patients’? These patients experienced a higher rate of-njetcONG TERM trial, with 78 weeks of treatment, new onset
tion-site reactions compared with those without antidrug antiiabetes occurred in 1.8% (alirocumab) and 2.0% (placebo)
bodies (10.2% vs 5.9%). Neutralizing antibodies developed patients and worsening of diabetes occurred in 12.9%
in 1.2% of alirocumab-treated patients and no control-treatéalirocumab) and 13.6% (placebo) of pati€dt&/hether sta
patients; 0.3% of patients had both neutralizing antibodi¢iss are associated with memory loss or other adverse effects
and transient or prolonged loss of ef cacy. on cognition remains controversi@glAny purported mecha

Diabetes and neurocognitive events are of potential camism by which memory loss or neurocognitive de cits could
cern with stating>">Whether these same side effects occurccur remains clinically poorly characterized and mechanisti
with PCSK9 inhibition is of interest and has been evaluatedlly inadequately studied and de ned. Preclinical research
in trials. In DESCARTES, mean (standard error) fastinguggests statins may be associated with a morphologic change
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in neurons consisting of areas of swelling referred to @bsolute vitamin E levels decreased by a mean of 16%; however,
“beads on a string™ However, whether these changes resuttholesterol-normalized vitamin E levels increased by a mean of
from a direct effect of the statin molecule, its mechanism 48%. The pattern of vitamin E changes were consistent between
action, cholesterol lowering (considering that the majoritpatients with very low LDL-C concentrations (de ned as
of cholesterol in the brain is derived from local syntheé8is), 0.4mmol/L[ 15mg/dL], 0.6mmol/L[ 25mg/dL], and
or another cause is unknown. In clinical trials of PCSK9 1.0mmol/L[ 40mg/dL]) and higher LDL-C concentrations
monoclonal antibodies, neurocognitive events were 4infré 1.0mmol/L[ 40mg/dL]). An analysis of steroid hormones
quent. In the 1-year controlled period of the OSLER-1 arfdund no correlation between changes in cortisol, testosterone,
OSLER-2 trials, neurocognitive events occurred in 0.9% armt estradiol and the change in LDL-C from baseline among
0.3% of patients receiving evolocumab plus standard theragyolocumab-treated patients. Overall, these data suggest that
and patients receiving standard therapy alone, respeétivelthe attainment of very low LDL-C concentrations with PCSK9
A dedicated study of cognition (Evaluating PCSK9 Bindingnhibition poses little risk to patients.
antiBody In uence oN coGnitive HeAlth in High cardio
vascUlar Risk Subjects [EBBINGHAUS]: NCT02207634),Cardiovascular outcomes
which has enrolled subjects participating in the larger ong@®he ultimate value of PCSK9 inhibitors will be measured by
ing Further Cardiovascular Outcomes Research with PCSi®ir effect on clinical outcomes. Early evidence of cardio
Inhibition in Subjects with Elevated Risk (FOURIER) evo vascular bene t with evolocumab was shown in a prospec
locumab cardiovascular outcomes trial (NCT01764633), tsre exploratory analysis of the OSLER-1 and OSLER-2
fully enrolled and will provide more detailed, prospectivelystudies®® Similarly, post hoc analysis was conducted with
collected information on the effects of evolocumab oalirocumab in the ODYSSEY LONG TERM trizgd.Both
neurocognitive function. In the ODYSSEY LONG TERManalyses showed a reduction in major cardiovascular events
trial, neurocognitive disorders occurred in 1.2% and 0.5% wfith evolocumab and alirocumab added to standard therapy
patients with alirocumab and placebo, respectiiely. compared with standard therapy alone. These data should be

The magnitude of LDL-C lowering afforded by PCSKS9interpreted with caution because event numbers are low, but
inhibition, particularly when added to existing lipid-loweringthey are reassuring and corroborate other trials demaonstrat
therapy, raises concerns about hypothetical risks associated withthat additional lowering of LDL-C beyond that achieved
the attainment of very low LDL-C concentrations, includingvith traditional medications results in improved cardio-
hemorrhagic stroke, vitamin E de ciency, and impaired steroiascular outcomes?!? Large cardiovascular outcome trials
hormone synthesis. An analysis of 1,104 patients who enteigre underway with evolocumab (FOURIER; NCT01764633),
the long-term extension trial (OSLER-1) after participation ialirocumab (ODYSSEYOUTCOMES; NCT01663402),
Phase Il studies found no increase in overall adverse events, serd bococizumab (SPIRE-1; NCT01975376 and SPIRE-2;
ous adverse events, creatine kinase elevations, or liver enzy@&T01975389).
elevations in patients who achieved LDL-C concentrations of ]

0.6mmol/L ( 25mg/dL) or 1.3mmol/L ( 50 mg/dL) P“mary care practice

compared with those who experienced LDL-C.3mmol/L  considerations
( 50mg/dL)5 A numerical increase in headache, insomnidor the primary care physician, PCSK9 inhibitors represent a
dizziness, and back pain occurred in patients with lowsaluable and ef cacious addition to the treatment armamen
LDL-C levels. Preliminary data from an analysis of 2,83@arium for lowering LDL-C in patients who require further
patients enrolled in two evolocumab trials, DESCARTESpid lowering beyond statins or are unable to tolerate statins.
and OSLER-1, demonstrated no increase in rates of adverée mechanism by which these agents lower LDL-C is well
events and no cases of hemorrhagic stroke among patietgsned and supported by results observed in patients who
who experienced levels of LDL-C1.0mmol/L ( 40mg/dL; harbor loss-of-function mutations IRCSK9.2526 PCSK9
n=1005) or 0.6mmol/L ( 25mg/dL; r=644)’*Because lipo inhibitors lower LDL-C from 46% to 76% compared with
proteins are involved in vitamin E transgbend cholesterol placebai*4¢4751-53whereas ezetimibe produces an approxi
is required for steroidogenesidevels of these compounds mate 16%—18% further reductiétmaking these monoclonal
in patients who experienced very low LDL-C levels are ddntibodies attractive for patients who require substantial
interest. Data from the DESCARTES study were analyzed émlditional LDL-C lowering beyond statin therapy. The
answer this questio#®°In all patients receiving evolocumab,use of these agents is warranted in patients with familial
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forms of hypercholesterolemia, and in patients with clinicain behalf of Amgen Inc., for preliminary drafting of the
atherosclerotic cardiovascular disease on maximally toleratethnuscript.
statins who require additional lowering of LDL-C.
Practical considerations play a role in patient acceptanE}ISdOSUI‘e
and adherence to these agents. Evolocumab can be dd3edirk J Blom has received research grants and clinical trial
Q2W or monthly. These prolonged dosing intervals lessen thayments from Amgen, Inc. (Thousand Oaks, CA, USA)
burden on patients and may promote adherence. Data waiid Sano -Aventis (Bridgewater, NJ, USA), and speaker’s
evolocumab demonstrate that the two dosing frequencikesnoraria from Amgen, Inc. Dr Dirk J Blom has served as an
(140mg Q2W and 420ng monthly) are clinically equiva advisory board member for Amgen, Inc. and Sano -Aventis.
lent#5-*8Thus far, published alirocumab trials have utilized®dr PeterP Toth is a member of the speaker’s bureau for
every 2-week dosing. Results with monthly dosing are-avaiAmarin Corporation, (Dublin, Ireland), Kowa Pharmaceuticals
able in preliminary form (NCT01926782, NCT02023879America, Inc. (Montgomery, AL, USA), Merck & Co., Inc.
and suggest that monthly dosing of alirocumab may al§@/hitehouse Station, NJ, USA), Sano -Aventis, and Novartis
be possiblé!®2 However, monthly dosing is currently only International AG (Basel, Switzerland), and a consultant for
approved for evolocumab: Amgen, Inc., Kowa Pharmaceuticals America, Inc., M&ck
PCSK9 monoclonal antibodies are self-administered suBo., Inc., Sano -Aventis, and Novartis International AG.
cutaneously, and willingness to self-inject or the availabilitiors Ricardo Dent and Rita Castro are employees and-stock
of a caregiver for injections is necessary. Approximatelolders of Amgen, Inc. The authors report no other con icts
three-quarters (74.1%) of eligible patients from evolocumatf interest in this work.
studies decided to enroll in the OSLER extension studies,
with the majority of the remaining 25.9% of subjects wh?:{
H  to particinate ciing eith | eferences
chose not o parlicipate ciling either personal reasons qr o lipid research clinics coronary primary prevention trial
the level of commitment required, indicating good patient results. I. Reduction in incidence of coronary heart disebSe4.
acceptance of an injectable ther&fpy. 1984;251(3):351-364. _ o
. . . 2. The lipid research clinics coronary primary prevention trial results. II.
These agents are expensive when compared with statins,the relationship of reduction in incidence of coronary heart disease to
and funding constraints may limit the number of patients cholesterol lowering/4MA. 1984;251(3):365-374.
ho have access. Evolocumab and alirocumab should gé Stamler J, Wentworth D, Neaton JD. Is relationship between serum-choles
w Vv - BV u : u u terol and risk of premature death from coronary heart disease continuous
prescribed to carefully selected patients (ie, those patients and graded? Findings in 356,222 primary screenees of the multiple risk
in whom the absolute risk reduction is largest with further factor intervention trial (MRFIT)/4M4. 1986,256(20):2823-2828.
. . 4. Wilson PW, D’'Agostino RB, Levy D, Belanger AM, Silbershatz H,
LDL-C reduction) with adequate follow-up to ensure adher  kannel WB. Prediction of coronary heart disease using risk factor
ence. At present, no comparative data are available to guidecategoriesCirculation. 1998;97(18):1837-1847.
L . . . . Anderson TJ, Gregoire J, Hegele RAak2012 update of the Canadian
clinicians in the choice between anti-PCSK9 monOdonaF Cardiovascular Society guidelines for the diagnosis and treatment of

antibodies. dyslipidemia for the prevention of cardiovascular disease in the adult.
Can J Cardiol. 2013;29(2):151-167.
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