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27,564 pts.
Atherosclerosis

+
Risk enhancer

LDL ≥ 70 mg/dl*
ApoB ≥ 80 mg/dl*

Non-HDL ≥ 100 mg/dl*
+

Evolocumab
140 mg/2 weeks SC
ó 420 mg/month

Placebo
*Despite ATV ≥ 20 mg/d 

CV death, MI, stroke, Unst Ang., Cor. revasc. 

LDL= 30 mg/dl 
(0.78 mmol/L)

LDL= 86 mg/dl 
(2.22 mmol/L)

Placebo 

Evolocumab 
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Main Inclusion Criteria

• Age ≥40 years 

• ACS
• 1 to 12 months prior to randomization

• Acute myocardial infarction (MI) or unstable angina

• High-intensity statin therapy*
• Atorvastatin 40 to 80 mg daily or

• Rosuvastatin 20 to 40 mg daily or 

• Maximum tolerated dose of one of these agents for ≥2 weeks 

• Inadequate control of lipids
• LDL-C ≥70 mg/dL (1.8 mmol/L) or

• Non-HDL-C ≥100 mg/dL (2.6 mmol/L) or 

• Apolipoprotein B ≥80 mg/dL 
*Patients not on statins were authorized to participate if tolerability issues were present and documented
Schwartz GG, et al. Am Heart J 2014;168:682-689.e1. 



Key Exclusion Criteria
• Uncontrolled hypertension

• NYHA class III or IV heart failure; 

LVEF <25% if measured

• History of hemorrhagic stroke

• Fasting triglycerides >400 mg/dL 

(4.52 mmol/L)

• Use of fibrates other than fenofibrate or 
fenofibric acid

• Recurrent ACS within 2 weeks prior to 
randomization visit

• Coronary revascularization performed 
within 2 weeks prior to randomization 
visit, or planned after randomization

• Liver transaminases >3  ULN; 

hepatitis B or C infection

• Creatine kinase >3  ULN

• eGFR <30 mL/min/1.73 m2

• Positive pregnancy test

eGFR, estimated glomerular filtration rate; ULN, upper limit of normal
Schwartz GG, et al. Am Heart J 2014;168:682-689.e1. 



Treatment Assignment

Post-ACS patients (1 to 12 months)

Run-in period of 2−16 weeks on high-intensity or 
maximum-tolerated dose of atorvastatin or rosuvastatin

At least one lipid entry criterion met

Placebo SC Q2W Alirocumab SC Q2W 

Randomization

Schwartz GG, et al. Am Heart J 2014;168:682-689.e1. 

Patient and investigators remained blinded to treatment and lipid levels for the entire duration of the study



Undesirably high
baseline range

LDL-C (mg/dL)

Target 
range

Alirocumab

B
e

lo
w

 t
ar

ge
t

705025150

A
cc

e
p

ta
b

le
 r

an
ge

A Target Range for LDL-C

Schwartz GG, et al. Am Heart J 2014;168:682-689.e1. 

We attempted to 
maximize the number of 
patients in the target 
range and minimize the 
number below target by 
blindly titrating 
alirocumab (75 or 150 
mg SC Q2W) or blindly 
switching to placebo.



ODYSSEY OUTCOMES: 18,924 patients randomized at 1315 
sites in 57 countries, Nov 2, 2012 − Nov 11, 2017

Canada/USA
Canada 361
US 2511

Latin America
Argentina

592
Brazil 928
Chile 132
Colombia

354
Guatemala

25
Mexico   

349
Peru 208

Asia
China 614
Hong Kong 17
India 521
Japan 204
Korea 94
Malaysia 110
Philippines 116
Singapore 49
Sri Lanka 314
Taiwan 93
Thailand 161

Rest of World
Australia              216
Israel                  582
New Zealand        257
South Africa         505

Western Europe
Austria 58
Belgium 197
Denmark

352
Finland 116
France 185 
Germany

509
Greece 70
Italy 275
Netherlands

686
Norway 97
Portugal 174
Spain 826
Sweden 250
Switzerland 

88
UK 292

Central/Eastern Europe
Bosnia–Herzegovina 156 Macedonia 132
Bulgaria 333 Poland 926
Croatia 70 Romania 145
Czech Republic 381 Russian Federation 1109
Estonia 216 Serbia 255
Georgia 131 Slovakia 340
Hungary 224 Slovenia 36
Latvia 80 Turkey 78
Lithuania 188 Ukraine 639

We thank the patients, 
their families, all 
investigators and 
coordinators involved in 
this study, and DCRI



Patient Disposition

Randomized 18,924 patients

*Ascertainment was complete for 99.1% and 99.8% of potential patient-years of follow-up for the primary endpoint 
and all-cause death, respectively 

1955 patients experienced a primary endpoint
726 patients died

Follow-up*: median 2.8 (Q1–Q3 2.3–3.4) years
8242 (44%) patients with potential follow-up ≥3 years

Alirocumab
(N=9462)

Placebo 
(N=9462)  

1343 (14.2%) 1496 (15.8%) 

• Premature treatment 
discontinuation

• Blinded switch to placebo (2 
consecutive LDL-C values <15 
mg/dL)

• Patients lost to follow-up (vital 
status)

730 (7.7%) Not applicable

14 9



Baseline Demographics

Characteristic
Alirocumab

(N=9462)
Placebo

(N=9462)

Age, years, median (Q1−Q3) 58 (52−65) 58 (52−65)

Female, n (%) 2390 (25.3) 2372 (25.1)

Medical history, n (%)

Hypertension 6205 (65.6) 6044 (63.9)

Diabetes mellitus 2693 (28.5) 2751 (29.1)

Current tobacco smoker 2282 (24.1) 2278 (24.1)

Prior MI 1790 (18.9) 1843 (19.5)



Characteristic
Alirocumab

(N=9462)
Placebo

(N=9462)

Time from index ACS to 
randomization, months, median 
(Q1−Q3)

2.6 
(1.7−4.4)

2.6 
(1.7−4.3)

ACS type, n (%)

NSTEMI 4574 (48.4) 4601 (48.7)

STEMI 3301 (35.0) 3235 (34.2)

Unstable angina 1568 (16.6) 1614 (17.1)

Revascularization for index ACS, n 
(%)

6798 (71.8) 6878 (72.7)

Baseline Index Events



Baseline Lipid Characteristics

Characteristic, mg/dL, median 
(Q1–Q3)

Alirocumab
(N=9462)

Placebo
(N=9462)

LDL-C 87 (73–104) 87 (73–104)

Non-HDL-C 115 (99−136) 115 (99−137)

Apolipoprotein B 79 (69−93) 80 (69−93)

HDL-C 43 (37−50) 42 (36−50)

Triglycerides 129 (94−181) 129 (95−183)

Lipoprotein(a) 21 (7−59) 22 (7−60)

92.5% of patients qualified on the basis of LDL-C ≥70 mg/dL



Therapy, n (%)
Alirocumab

(N=9462)
Placebo

(N=9462)

High-dose 
atorvastatin/rosuvastatin

8380 (88.6) 8431 (89.1)

Low-/moderate-dose 
atorvastatin/rosuvastatin

830 (8.8) 777 (8.2)

Other statin 19 (0.2) 27 (0.3)

Ezetimibe, with or without statin 269 (2.8) 285 (3.0)

No lipid-lowering therapy* 87 (0.9) 91 (1.0)

Baseline Lipid-Lowering Therapy

*Patients not on statins were authorized to participate if tolerability issues were present and documented



Guideline-Recommended Post-ACS 
Medications

Medication, n (%)
Alirocumab

(N=9462)
Placebo

(N=9462)

Aspirin 9050 (95.6) 9036 (95.5)

P2Y12 antagonist 8296 (87.7) 8245 (87.1)

ACE-I/ARB 7356 (77.7) 7360  (77.8)

Beta-blocker 7998 (84.5) 7992  (84.5)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker
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Excludes LDL-C values after premature treatment discontinuation or blinded switch to placebo
Approximately 75% of months of active treatment were at the 75 mg dose



Primary Efficacy Endpoint: MACE

ARR* 1.6%

*Based on cumulative 
incidence

MACE: CHD death, 

non-fatal MI, 

ischemic stroke, or 

unstable angina requiring 

hospitalization

HR 0.85
(95% CI 0.78, 0.93)

P=0.0003



Primary Efficacy and Components

Endpoint, n (%)
Alirocumab

(N=9462)
Placebo

(N=9462)
HR (95% CI)

Log-rank 
P-value

MACE 903 (9.5) 1052 (11.1) 0.85 (0.78, 0.93) 0.0003

CHD death 205 (2.2) 222 (2.3) 0.92 (0.76, 1.11) 0.38

Non-fatal MI 626 (6.6) 722 (7.6) 0.86 (0.77, 0.96) 0.006

Ischemic stroke 111 (1.2) 152 (1.6) 0.73 (0.57, 0.93) 0.01

Unstable 

angina
37 (0.4) 60 (0.6) 0.61 (0.41, 0.92) 0.02



Endpoint, n (%)
Alirocumab
(N=9462)

Placebo
(N=9462)

HR (95% CI)
Log-rank P-

value

CHD event 1199 (12.7) 1349 (14.3) 0.88 (0.81, 0.95) 0.001

Major CHD event 793 (8.4) 899 (9.5) 0.88 (0.80, 0.96) 0.006

CV event 1301 (13.7) 1474 (15.6) 0.87 (0.81, 0.94) 0.0003

Death, MI, ischemic stroke 973 (10.3) 1126 (11.9) 0.86 (0.79, 0.93) 0.0003

CHD death 205 (2.2) 222 (2.3) 0.92 (0.76, 1.11) 0.38

CV death 240 (2.5) 271 (2.9) 0.88 (0.74, 1.05) 0.15

All-cause death 334 (3.5) 392 (4.1) 0.85 (0.73, 0.98) 0.026*

Odyssey: Hierarchical testing



Primary Efficacy in Main Prespecified Subgroups

*P-values for interaction



Incidence (%)
Subgroup Patients Alirocumab Placebo HR (95% CI)

p-value*

Primary Efficacy in Main Prespecified Subgroups

*P-values for 
interaction
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2814 2602 2431 1053 207

<80 mg/dL 80 to <100 mg/dL 100 mg/dL



Odyssey: Events in patients with LDL ≥100 mg/dl



Safety (1)

Treatment-emergent adverse 
events, 
n (%)

Alirocumab
(N=9451)

Placebo
(N=9443)

Any 7165 (75.8) 7282 (77.1)

Serious 2202 (23.3) 2350 (24.9)
Laboratory value Alirocumab Placebo

ALT >3  ULN, n/N (%)
212/9369 

(2.3)
228/9341 

(2.4)

Creatine kinase >10  ULN, n/N (%)
46/9369 

(0.5)
48/9338 (0.5)



Safety (2)

Event
Alirocumab

(N=9451)
Placebo

(N=9443)

Diabetes worsening or diabetic 
complications: pts w/DM at baseline, 
n/N (%)

506/2688 
(18.8)

583/2747 
(21.2)

New onset diabetes; pts w/o DM at 
baseline, n/N (%)

648/6763 
(9.6)

676/6696
(10.1)

General allergic reaction, n (%) 748 (7.9) 736 (7.8)

Hepatic disorder, n (%) 500 (5.3) 534 (5.7)

Local injection site reaction, n (%)* 360 (3.8) 203 (2.1)

Neurocognitive disorder, n (%) 143 (1.5) 167 (1.8)

Cataracts, n (%) 120 (1.3) 134 (1.4)

Hemorrhagic stroke, n (%) 9 (<0.1) 16 (0.2)

*HR vs. placebo 1.82 (95% CI 1.54, 2.17)



Conclusions

Compared with placebo in patients with recent ACS, 
alirocumab 75 or 150 mg subcutaneous Q2W targeting LDL-C 

levels 25–50 mg/dL, and allowing levels as low as 15 mg/dL: 

1. Reduced MACE, MI, and ischemic stroke

2. Was associated with a lower rate of all-cause death

3. Was safe and well-tolerated over the duration of the trial



Clinical Perspective

• In this nearly 19,000-patient placebo-controlled trial, 
including many patients treated for ≥3 years, there was no 
safety signal with alirocumab other than injection site 
reactions

• Among patients with ACS and baseline LDL-C 100 mg/dL, 
alirocumab reduced MACE by 24% (ARR 3.4%) and 

all-cause death by 29% (ARR 1.7%) compared with placebo

➢ These are the patients who may benefit most from treatment

ARR, absolute risk reduction



ESC Guidelines in dyslipidemias

Catapano A, et al. Eur Heart J 2016;37:2999-3058



Bonaca et al. Circulation 2017

FOURIER Study

*CV death, MI, stroke, Unstable Angina, Cor revascularization

The reduction of the absolute risk of adverse events with evolocumab is
more marked in patients with PAD



Sabatine et al. Lancet Diabetes Endocrinol 2017;5:941-50

FOURIER Study

Day Day

The reduction of the relative risk of the primary end point* with
evolocumab is similar in pts with/without diabetes (Pinteraction=0.60) but
higher in terms of absolute risk

*CV death, MI, stroke, Unstable Angina, Cor revascularization



The 22,351 pts. with a prior MI were characterized based on:

-Time from most recent MI

-Number of prior MIs

-Presence of multivessel disease (≥ 40% stenosis in ≥ 2 large vessels)

Sabatine MS, et al. Circulation 2018;in press

FOURIER and severity of CAD

SOLID LINES: Pts. With a least 1 high-risk feature
DASHED LINES: Pts. Without high-risk features



Landmesser U, Chapman MJ, et al. Eur Heart J 2018;39:1131-1143

2017 Update ESC/EAS on PCSKi



Register of Information and Knowledge

about Swedish Heart Intensive Care Admission (RIKS-HIA)

61,238 consecutive patients from 72 
hospitals with a first STEMI

Jernberg et al JAMA 2011;305:1677-84

Decreasing mortality post-STEMI



Jernberg et al., Eur Heart Journal 2015; 36, 1163–1170 

4.9% / after 1st Year

17% / 1st Year

Outcome after MI



Odyssey:Primary Efficacy end point

ARR* 1.6%

MACE: CHD death, non-fatal MI, 

ischemic stroke, or  unstable angina 

requiring hospitalization

HR 0.85
(95% CI 0.78, 0.93)

P=0.0003



Endpoint, n (%)
Alirocumab
(N=9462)

Placebo
(N=9462)

HR (95% CI)
Log-rank P-

value

CHD event 1199 (12.7) 1349 (14.3) 0.88 (0.81, 0.95) 0.001

Major CHD event 793 (8.4) 899 (9.5) 0.88 (0.80, 0.96) 0.006

CV event 1301 (13.7) 1474 (15.6) 0.87 (0.81, 0.94) 0.0003

Death, MI, ischemic stroke 973 (10.3) 1126 (11.9) 0.86 (0.79, 0.93) 0.0003

CHD death 205 (2.2) 222 (2.3) 0.92 (0.76, 1.11) 0.38

CV death 240 (2.5) 271 (2.9) 0.88 (0.74, 1.05) 0.15

All-cause death 334 (3.5) 392 (4.1) 0.85 (0.73, 0.98) 0.026*

Odyssey: Hierarchical testing



Odyssey: Events in patients with LDL ≥100 mg/dl



Medication, n (%)
Alirocumab

(N=9462)
Placebo

(N=9462)

Aspirin 9050 (95.6) 9036 (95.5)

P2Y12 antagonist 8296 (87.7) 8245 (87.1)

ACE-I/ARB 7356 (77.7) 7360  (77.8)

Beta-blocker 7998 (84.5) 7992  (84.5)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker

Odyssey: Background therapy
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Lipid-lowering therapies

High-intensity statin (%)

Moderate/Low-intensity statin (%)

Ezetimibe (%)

Median LDL-C (mg/dL)

Total cholesterol (mg/dL)

HDL cholesterol (mg/dL)

Triglycerides (mg/dL)

89.5

7.8

2.9

86.5

160.0

42.5

129.2

69.2

30.4

5.1

91.5

167.0

44.0

133.0

ODYSSEY OUTCOMES
(N=18,312)

FOURIER 
(N=27,564)

Sabatine, et al. Am Heart J. 2016;173:94-101
Schwartz GG, et al. Am Heart J. 2014;168:682-689.e1.

Odyssey: Lipid-lowering therapy
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EZT in ESC Guidelines on dyslipidemia

Catapano A, et al. Eur Heart J 2016;37:2999-3058

Recommendations for LL

therapy in patients with

moderate-severe CKD



Robinson JG et al. NEJM 2015

LONG-TERM 

Effect of alirocumab on lipids in different subgroups



Treatment targets and goals for CV prevention



O’Keefe et al; J Am Coll Cardiol 2004;43:2142-2146

Perhaps not!

LDL in healthy neonates
is 30-70 mg/dl!



Zhao et al. Am J Hum Genet 2006;79:514-23



Wiviott et al. J Am Coll Cardiol 2005;46:1411-16

PROVE-IT Study and very low LDL



AHA, November 2014

La reducción de LDL de 69.5 a 53.7 mg/dl
se asociaba a menos eventos CV

Ezetimibe: IMPROVE-IT study



Giugliano RP et al; Lancet 2017;online

Primary end point
p=0.0012 for  the β coefficient

CV death, MI, stroke, coronary revascularization, or unstable angina

Secondary end point p=0.0001 for  the β coefficient

CV death, MI or stroke
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PCSK9i FOURIER Study



Ray K, et al. Circulation 2016;134:1931-43 

Risk of MACE and LDL reduction

Event reduction with alirocumab



Safety of alirocumab in 14 clinical trials



Annual Scientific Sessions of the American College of Cardiology; March 14-16, 2015; San Diego, CA. Abstract 1164M-05.



64th Annual Scientific Sessions of the American College of Cardiology; March 14-16, 2015; San Diego, CA. Abstract 1164M-05.



Landmesser U, Chapman MJ, et al. Eur Heart J 2018;39:1131-1143

2017 Update ESC/EAS on PCSKi



Algoritmo para tratamiento 

de molestias musculares en 

pacientes con estatinas

Catapano A et al. Eur Heart J 2016

Guías Dislipemia 

ESC 2016


