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Patient Populations with an Unmet Need for 
Additional LDL-C Lowering

Nordestgaard et al. Eur Heart J 2013;34:3478-90.     2 Sjouke et al. Eur Heart J. 2015 Mar 1;36(9):560-5. 3 2011 ESC/EAS Guidelines for the management of dyslipidaemias Eur Heart J. 
2011;32(14):1769-818.  4 Pijlman et al. Atherosclerosis 2010;209:189-94. 5 Virani et al. Am Heart J 2011;161:1140-6. 6 Arca et al. Diabetes Metab Syndr Obes 2011;4:155-66.
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FH Population in EU High / Very High 
CV Risk Population

Statin-Intolerant 
Population

• Genetic disorder
• High risk of early 

CHD
• HeFH prevalence

1:200 to 1:2501,2

• Untreated LDL-C 
of 200-400 mg/dL3

• Previous MI / stroke / 
CVD or multiple CV 
risk factors incl. 
T2DM

• Difficult to achieve 
LDL-C goals, despite 
current therapies5

• 10-15% on high-
intensity statins 
show intolerance 6

• Many discontinue 
due to muscle pain 
and/or weakness

79% with HeFH
not at goal

(<100 mg/dL [2.6 
mmol/L])4

• 20% with CHD 
not  at goal (<100 

mg/dL [2.6 mol/L])
• 59% at very high  
CV risk not at goal 
(<70 mg/dL [1.8 

mmol/L])

Nearly all patients 
who need 

considerable LDL-
C reductions will 
not reach goal 
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PCSK9 mAbs developing programs

Kausik K. Ray, http://www.medscape.org/viewarticle/849706_slide

Company Drug
(alternate name)

Phase

Sanofi/ Regeneron Alirocumab
(SAR236553/REGN72)

Approved

Amgen Evolocumab
(AMG-145)

Approved

Pfizer/ Rinat Bococizumab
(RN316/PF04950615)

3

Novartis LGT-209 Discontinued
Genentech MPSK3169A-RG7652 Discontinued
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Overview of ODYSSEY Phase 3 
Clinical Trial Program

FH=familial hypercholesterolemia; HC=hypercholesterolemia; LMT=lipid-modifying therapy; OLE=open-label extension.
*For the ODYSSEY COMBO II other LMT not allowed at entry. ClinicalTrials.gov. ODYSSEY Phase 3 Trials. http://clinicaltrials.gov. Accessed February 12, 2014.

ODYSSEY FH II (NCT01709500; CL1112)
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL
N=249; 18 months

14 global phase 3 trials including >23,500 patients across >2,000 study centers

HeFH population HC in high CV risk 
population Additional populations

ODYSSEY HIGH FH (NCT01617655; EFC12732)
LDL-C ≥160 mg/dL 
N=107; 18 months

ODYSSEY ALTERNATIVE (NCT01709513; CL1119)
Patients with defined statin intolerance
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL
N=250; 6 months

ODYSSEY OPTIONS II (NCT01730053; CL1118)
Patients not at goal on moderate dose rosuvastatin
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL
N=305; 6 months

ODYSSEY MONO (NCT01644474; EFC11716)
Patients on no background LMTs
LDL-C ≥100 mg/dL
N=100; 6 months

ODYSSEY OPTIONS I (NCT01730040; CL1110)
Patients not at goal on moderate dose atorvastatin
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL
N=355; 6 months

ODYSSEY COMBO I (NCT01644175; EFC11568)
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL 
N=316; 12 months

ODYSSEY FH I (NCT01623115; EFC12492)
LDL-C ≥ 70 mg/dL OR LDL-C ≥100 mg/dL
N=486; 18 months

ODYSSEY LONG TERM (NCT01507831; LTS11717)
LDL-C ≥70 mg/dL 
N=2,100; 18 months

ODYSSEY OUTCOMES (NCT01663402; EFC11570)
LDL-C ≥70 mg/dL
N=18,000; 64 months

Add-on to max-tolerated 
statin 

(± other LMT)

Add-on to max-tolerated statin 
(± other LMT)

*ODYSSEY COMBO II (NCT01644188; EFC11569)
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL
N=720; 24 months

ODYSSEY CHOICE I (NCT01926782; CL1308)
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL 
N=803; 12 months

ODYSSEY CHOICE II (NCT02023879; EFC13786)
Patients not treated with a statin
LDL-C ≥70 mg/dL OR LDL-C ≥100 mg/dL
N=233; 6 months

ODYSSEY OLE (NCT01954394; LTS 13463) 
Open-label study for FH from EFC 12492,
CL 1112, EFC 12732 or LTS 11717
N≥1000; 30 months
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Alirocumab Significantly Reduced LDL-C from 
Baseline to Week 24 versus Placebo in EFH
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LS mean 
difference (SE) 

vs. placebo:

N=163

Alirocumab

N=322

−57.9% (2.7) 
P<0.0001

N=81N=166

−51.4% (3.4) 
P<0.0001

FH I
Placebo

FH II

43.4% 
had dose 

increase at 
W12

38.6% 
had dose 

increase at 
W12

Primary Endpoint: Percent Change from Baseline to Week 24 in LDL-C
All patients on background max-tolerated statin ±other lipid-lowering therapy

Intent-to-treat (ITT) Analysis

doi: 10.1093/eurheartj/ehv370
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Alirocumab Significantly Reduced
LDL-C at Week 24 in EFH with LDL>160mg/dl
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Alirocumab

Placebo

ITT = intent-to-
treat.

Primary endpoint: % change from baseline to Week 24 in calculated LDL-C
All patients on background max-tolerated statin ±other LLT

N=35N=71

ITT

Absolute reduction of 
−90.8 (6.7) mg/dL

Absolute reduction of 
−15.5 (9.5) mg/dL

LS mean % difference 
(SE) versus placebo:

−39.1 (6.0)†

†P<0.0001

Ginsberg HN, Oral Presentation at AHA 2014 
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Mean Calculated LDL-C Levels (mITT) 
Pool of LONG TERM (HeFH Patients only) and HIGH FH (Alirocumab 150 mg Q2W)

ΔW24†: 
-57.1 (2.4)%)  

†ΔW24/52/78 defined as LS mean (SE) % difference versus placebo in calculated LDL-C from baseline to Week 24/52/78. 
Figure shows on-treatment analysis on modified ITT population, including all lipid data throughout the duration of study 
collected while the patients were still receiving study treatment.
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Study Week

ΔW52†: 
-60.1 (2.8)%

ΔW78†: 
-63.2 (2.8)%

All % changes 
P<0.0001 versus placebo

m
g/dL

Kastelein JJP, Oral Presentation at ESC 2015
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Goal Attainment (ITT)
Pool of LONG TERM (HeFH Patients only) and HIGH FH (Alirocumab 150 mg Q2W)

†Depending on CV risk; goals analysed using multiple imputation followed by logistic regression. 
Figure shows ITT analysis performed on ITT population.

<70 mg/dL 
(1.81 mmol/L)

LDL-C ApoB

<80 mg/dL 

Non-HDLC
<100 mg/dL 

(2.59 mmol/L)
<130 mg/dL 

(3.37 mmol/L)
<70/<100 mg/dL†

(1.81 /2.59 mmol/L)

Baseline
values

4.194.36
mmol/L

4.194.36
mmol/L

5.06 4.90
mmol/L

5.06 4.90
mmol/L

123127
mg/dL

All P<0.0001 versus placebo

Alirocumab

Placebo

Kastelein JJP, Oral Presentation at ESC 2015
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Week 24: Alirocumab 150 mg Q2W (n=346)

Week 24: Placebo (n=176)

Patients (%) achieving goal
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Efficacy and Safety of Combining Alirocumab With 
Atorvastatin or Rosuvastatin Versus Adding 

Ezetimibe, Doubling Statin Dose or Switching 
Statin Therapy in High Cardiovascular Risk 

Patients: ODYSSEY OPTIONS I and II

9

Harold Bays,1 Michel Farnier,2 Daniel Gaudet,3 Robert Weiss,4 Juan Lima 
Ruiz,5 Gerald F. Watts,6 Ioanna Gouni-Berthold,7 Jennifer G. Robinson,8
Peter Jones,9 Randall Severance,10 Maurizio Averna,11 Elisabeth 
Steinhagen-Thiessen,12 Helen M. Colhoun,13 Jian Zhao,14 Yunling Du,14

Corinne Hanotin,15 Stephen Donahue14

1Louisville Metabolic and Atherosclerosis Research Center (L-MARC), Louisville, KY, USA;  2Point Médical, Dijon, 
France;  3ECOGENE-21 Clinical Trial Center and Dept of Medicine, Université de Montréal, Chicoutimi, Quebec, 
Canada; 4Maine Research Associates, Auburn, ME, USA; 5Lipid and Vascular Research Unit, University  Hospital  Vall
d'Hebron, Barcelona Spain; 6Lipid Disorders Clinic, Royal Perth Hospital, School of Medicine and Pharmacology, 
University of Western Australia; 7University of Cologne, Center for Endocrinology, Diabetes and Preventive Medicine 
(ZEDP), Cologne, Germany; 8University of Iowa, Iowa City, IA, USA; 9Baylor College of Medicine, Houston, TX, USA;
10Radiant Research - Phoenix SE, Chandler, AZ, USA; 11Università di Palermo –
Policlinico “P. Giaccone”, Palermo, Italy; 12Charité – Universitaetsmedizin Berlin 
Campus Virchow Klinikum, Berlin, Germany; 13University of Dundee, Dundee, 
Scotland; 14Regeneron Pharmaceuticals, Inc. Tarrytown, NY, USA; 15Sanofi, Paris, 
France

This study was funded by Sanofi and Regeneron Pharmaceuticals, Inc.
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Intent-to-treat (ITT) analysis. LS mean difference *P<0.0001; †P=0.0004; ns = not significant alirocumab versus comparator.
Level of statistical significance: 0.01 (OPTIONS I) and 0.0125 (OPTIONS II) following Bonferroni adjustment for multiplicity.
‡ Dose ↑ at W12 if W8 LDL-C ≥70 or ≥100 mg/dL (depending on CV risk) among patients with at least one injection after Week 12.
§Statin dose ↑ at randomization from 20 to 40, or 40 to 80 mg/day in OPTIONS I, and from 10 to 20, or 20 to 40 mg/day in OPTIONS II.

+ Alirocumab 75/150 mg Q2W‡ + EZE 10 mg/day Double statin dose/day§ RSV 40 mg/day

OPTIONS I

Alirocumab Significantly Reduced LDL-C in Patients 
on an Entry Statin of ATV 20 Or 40 mg
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Entry statin =
ATV 20 mg

Entry statin =
ATV 40 mg

55 53 53 46 46 47 45n=

8.0% had
dose ↑ at W12

20.9% had 
dose ↑ at W12

LS mean Δ (SE)
vs ezetimibe -23.6 (6.6)†

vs double statin -39.1 (6.4)*

LS mean Δ (SE)
vs ezetimibe -31.4 (6.1)*

vs double statin -49.2 (6.1)*
vs rosuvastatin -32.6 (6.0)*

OPTIONS II

-50,6

-36,3

-14,4
-11,0

-16,3 -15,9

Entry statin =
RSV 10 mg

Entry statin =
RSV 20 mg

48 47 48 53 50 52

15.9% had 
dose ↑ at W12

20.8% had 
dose ↑ at W12

LS mean Δ (SE)
vs ezetimibe -36.1 (6.1)*

vs double statin -34.2 (5.9)*

LS mean Δ (SE)
vs ezetimibe -25.3 (10.1)

vs double statin -20.3 (10.1)

, Or RSV 10 mg



LAPLACE-2: EFFICACY OF EVOLOCUMAB IN HIGH RISK 
PATIENTS IN RELATION TO BACKGROUND THERAPY

Adapted from Robinson JG et al. JAMA 2014; 311: 1870-82
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Error bars represent standard error for treatment difference 
Treatment difference are least squares mean derived from a repeated measures model
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Efficacy and Safety of Alirocumab
in Reducing Lipids and 
Cardiovascular Events

Jennifer G. Robinson,1 Michel Farnier,2 Michel Krempf,3 Jean Bergeron,4
Gérald Luc,5 Maurizio Averna,6 Erik S. Stroes,7 Gisle Langslet,8
Frederick J. Raal,9 Mahfouz El Shahawy,10 Michael J. Koren,11

Norman E. Lepor,12 Christelle Lorenzato,13 Robert Pordy,14

Umesh Chaudhari,15 John J.P. Kastelein7 

for the ODYSSEY LONG TERM investigators
1University of Iowa, Iowa City, IA, USA; 2Point Médical, Dijon, France; 3CHU de Nantes‒Hôpital Nord Laennec, Saint-

Herblain, France; 4Clinique des Maladies Lipidiques de Québec, Quebec, Canada; 5University Hospital of Lille, Lille, France; 
6Università di Palermo–Policlinico P. Giaccone, Palermo, Italy; 7Department of Vascular Medicine, Academic Medical Center, 

Amsterdam, The Netherlands; 8Lipid Clinic, Oslo University Hospital, Oslo, Norway; 9University of Witwatersrand, 
Johannesburg, South Africa; 10Cardiovascular Center of Sarasota, Sarasota, FL, USA; 11Jacksonville Center For Clinical 

Research, Jacksonville, FL, USA; 12Westside Medical Associates of Los Angeles, Beverly Hills, CA, USA; 13Sanofi, Chilly-
Mazarin, France; 14Regeneron Pharmaceuticals, Inc., Tarrytown, NY, USA; 15Sanofi, Bridgewater, NJ, USA

This study was funded by Sanofi and Regeneron Pharmaceuticals
Robinson JG et al. NEJM 2015; 372:1489-99.



*Based on primary endpoint for the ODYSSEY OUTCOMES trial, including CHD death, non-fatal MI, fatal and non-fatal 
ischemic stroke, and unstable angina requiring hospitalization.Unstable angina requiring hospitalization was considered 
based on strict criteria / clear progression of ischemia. 

Post hoc Analysis of Adjudicated 
Major Adverse Cardiovascular Events*

Placebo + maximally 
tolerated statin ± other LLT

Alirocumab + maximally 
tolerated statin ± other LLT
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Cox model analysis
HR = 0.52 (95% CI 0.31 to 0.90)
Nominal p-value = 0.02

No. at risk:
Placebo

Alirocumab
788 776 731 700 670 653 644 597

1550 1533 1445 1392 1342 1306 12661170

1.0

0.8

0.6

0.4

0.2

0.0
0 12 24 36 52 64 78 86

0.06

0.04

0.02

0.00
0 12 24 36 52 64 7886

Robinson JG et al. NEJM 2015; 372:1489-99.





Cumulative Incidence of Cardiovascular Events
Included among the cardiovascular events were death, myocardial infarction, unstable angina requiring hospitalization, coronary 

revascularization, stroke, transient ischemic attack, and hospitalization for heart failure. Cardiovascular events were reported in 29 of 
2976 patients in the evolocumab group (Kaplan–Meier 1-year event rate, 0.95%) and in 31 of 1489 patients in the standard-therapy 

group (Kaplan–Meier 1-year event rate, 2.18%). The inset shows the same data on an expanded y axis. The P value was calculated with 
the use of a log-rank test

N Engl J Med. 2015 Apr 16;372(16):1500-9
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GLAGOV: Study Design

• Primary endpoint:1,2 Nominal change in PAV from baseline to week 78
• Key secondary endpoints:1,2

– Nominal change in TAV from baseline to week 78
– Percentage of patients demonstrating  regression (any reduction from baseline) in either 

PAV or TAV from baseline to week 78

1. Puri R, et al.  Am Heart J. doi: 10.1016/j.ahj.2016.01.019. 2. ClinicalTrials.gov. NCT01813422. 
https://clinicaltrials.gov/ct2/show/NCT01813422. Accessed March 15,2016. 

Up to 
4-week lipid 
stabilization 

period 

Assigned to 
background 

statin 
therapy

Placebo SC
every month

Evolocumab 
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Maximum 6 weeks D1 W4 W12 W24 W36 W52 W64 W76 W78 W80 EOS

Study drug was administered monthly at home or in the clinic

Study visits:

Screening and 
placebo run-in period

• Clinically indicated 
coronary angiogram

• IVUS based on 
coronary angiogram 
results

• SC injection of 3 mL 
placebo

2–4 weeks

Last
dose of 
study
drug

Last
IVUS 

procedure

https://clinicaltrials.gov/ct2/show/NCT01813422.%20Accessed%20March%2015,2016


Robinson et al. ACC 2015

Selected TEAEs (%)

TEAE : Treatment Emergent Adverse Event

Pooled
control

(n=1894)

Pooled
Alirocumab

(n=3340)

Pooled Alirocumab
LDL-C < 25 mg/dL

(n=796)

Pooled Alirocumab
LDL-C < 15 mg/dL

(n=288)

Infections and 
Infestations

36.3 38.5 34.0 35.4

Musculoskeletal
disorders

25.2 24.2 21.1 20.1

Injection-site reaction 3.9 5.7 3.0 3.5

Nervous system 
disorders

14.9 14.9 10.3 9.0

Diabetes mellitus 1.3 1.2 1.5 2.4

Neoplasms 2.5 2.5 2.8 2.4

Adverse events in Patients with LDL-C < 25 or 
15 mg/dL in 14 trials of Alirocumab



PCSK9 inhibitor upcoming CVOTs

24
Hypercholesterolemia Simulation • Pre-read
Sources: clinicaltrials.gov - NCT01764633 and NCT01663402, Internal IMS Research

Mnf/
Molecule Main trial Patients &

Inclusion criteria Comparator Primary CV 
Outcome

Expected 
Lipid 

Reduction†
Amgen

Evolocumab
AMG 145

FOURIER
Phase III
Recruiting

Trial results
Q1 2017

28 000

• History of a prior CV event 
or PAD and at high risk for 
a recurrent event

• Fasting LDL-C ≥ 70 mg/dL
or non-HDL-C ≥ 100 
mg/dL on a background of 
atorvastatin

• Fasting triglycerides ≤ 
400 mg/dL

Statin +
AMG 145

vs.

Statin + placebo

Time to first of:
- cardiovascular death
- myocardial infarction
- hospitalization for 
unstable angina, 
stroke, or coronary 
revascularzation

~65% LDL-C 
reduction

Sanofi/Regen
eron

Alirocumab
(REGN 727)

ODYSSEY
Phase III 
Recruiting

Trial results
Q1 2018

18 000
• Recently hospitalized for 
ACS

• >40 yrs recently 
hospitalized for ACS event 
(4-52 wks post ACS 
event) 

• >70mg/dL on background 
of atorvastatin, 
rosuvastatin, or with 
demonstrated statin 
intolerance

Statin + REGN 
727

vs.

Statin + placebo

Occurrence of CV 
events -composite 
endpoint consisting of:
- coronary heart 
disease death

- non-fatal myocardial 
infarction

- fatal/non-fatal 
ischemic stroke

- unstable angina 
requiring 
hospitalization

~50% LDL-C 
reduction



WHAT PCSK9 CLINICAL TRIALS TOLD US
(SO FAR)

25

• >50% EFFICACY FOR LDL REDUCTION IN ALL POPULATIONS STUDIED

• SUSTAINED EFFICACY IN LONG TERM (UP TO 78 WEEKS) STUDIES

• EFFICACY INDEPENDENT ON BACKGROUND THERAPY OR AS 
MONOTHERAPY

• REASSURING SAFETY PROFILE UP TO 78 WEEKS

• VERY FAVOURABLE PRELIMINARY DATA ON CLINICAL OUTCOMES
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