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The 10 Leading Causes of 
Death Worldwide (2012) 

Cardiovascular diseases are the leading 
global cause of death 

3 

CVD includes ischemic heart disease and stroke. 
World Health Organization. Cause-specific Mortality. Accessed at: 

http://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html. 

Top 5 Global Causes of Death in 2012 



Atorvastatin 80 mg 

Statins after ACS: Residual risk remains high 
despite intensive treatment 

Atorvastatin 80 mg 
 

Placebo  
 

0 

5 

10 

15 

0 1 2 3 4 

RRR 16% 
p=0.048 D

ea
th

, n
on

-fa
ta

l M
I, 

or
 re

cu
rr

en
t U

SA
 

Months Months 
D

ea
th

, M
I, 

A
C

S,
  s

tr
ok

e, 
re

va
sc

ul
ar

iz
at

io
n 

PROVE-IT 
                 Pravastatin 40 mg 

RRR 16% 
p=0.005 

30% 

20% 

10% 

0% 
0 12 24 30 

MIRACL 

               JAMA 2001;285:1411                                       N Engl J Med 2004;350:1495  



Curbing atherosclerosis 

• Multifaceted approach, multiple targets including:  
 

 - LDL-cholesterol 
 - High-density lipoprotein (HDL) function 
 - Inflammation 
 - Diabetes 

 
• Precision medicine  
 

 - Genetic markers 
 - Plasma biomarkers 
 - Imaging (molecular) 
 - Personalized therapies 



PCSK9 Causes Degradation of the LDLR 

ER

Golgi

Nucleus

Endosome

mRNAs

Lysosome

proPCSK9

PCSK9

LDLR

Secreted  PCSK9

LDL  binding

LDLR  recycling

Endocytosis

Coated  pit

?

?

Co-‐receptor

LDL

Gene1 

2 

3 
4 

5 

Rhainds D, Arsenault B and Tardif JC. Clin Lipidol 2012;7:621-640. 



Cohen NEJM 2006;354:1264-72 

PCSK9 Mutations, LDL-C Reduction, and Vascular Events – White Subjects  

15% Decrease in LDL-C 
47% Reduction in CHD Risk 

3.2 % missense 
mutation 



Monoclonal Antibodies to PCSK9  
in Phase II studies 

Effective as monotherapy      Effective in statin intolerance 
Koren Lancet 2012;380:1995-06     Stroes JACC 2014;63:2541-8 
Sullivan JAMA 2012;308:2497-06 
 
 
Effective as add-on to statin                Effective in heterozygous FH 
Stein Lancet 2012;380:29-36     (reduced LDLr activity) 
Stein NEJM 2012;366:1108-18     Raal Circulation 2012;126:2408-17         
McKenney JACC 2012;59:1108-18 
Guigliano Lancet 2012;380:2007-17 
Stein Circulation 2013;128:2113-20     Effective in homozygous FH 
Roth NEJM 2012;367:1891-900      (LDLr defective) 
Blom NEJM 2014;370:1809-19      Stein Circulation 2013;128:2113-20 
 
 



•  In  a  post  hoc  analysis,  the  rate  of  death  
from  CHD,  nonfatal  MI,  ischemic  stroke,  or  
unstable  angina  requiring  hospitalizaDon  
was  3.3%  in  the  placebo  group  and  1.7%  in  
the  intervenDon  group

–  Low  number  of  CV  events  limits  ability  
to  draw  conclusions  on  outcomes

Exploratory  and  Post  Hoc  Analyses  Suggest  Outcomes  
Benefit  With  PCSK9  InhibiDon

SabaDne  et  al.  N  Engl  J  Med.  2015;372(16):1500-‐9.  
Robinson  J  et  al.  N  Engl  J  Med.  2015;372(16):1489-‐99.  
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•  CV  outcomes  declined  by  53%  over  1  year

–  Prespecified  exploratory  outcome  with  
relaDvely  few  events

Placebo+StaDn

Alirocumab  +  StaDn
150  mg  Q2W
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OSLER  1/2
CumulaDve  Incidence  of  CV  Events

ODYSSEY  LONG  TERM  
Time  to  First  PosiDvely  Adjudicated  CV  Event  During  the  

TEAE  Period



Stone  NJ,  Lloyd-‐Jones  DM.  N  Engl  J  Med.  2015  Mar  15.  

“The ODYSSEY LONG TERM and OSLER 
studies whet our appetites for further results 
that show cardiovascular benefit and 
documented safety, even at substantially 
lower LDL cholesterol ranges than achieved 
before. However, it would be premature to 
endorse these drugs for widespread use 
before the ongoing randomized trials, 
appropriately powered for primary 
endpoint analysis and safety assessment, 
are available. Reports from several lipid 
treatment trials provide important object 
lessons in this regard…” 

Despite  IniDal  Findings,  Data  from  Ongoing  CVOTs  Are  Needed  
To  Confirm  Outcomes  Benefit  With  PCSK9  InhibiDon



SPIRE  1  and  2  were  designed  to    evaluate  CV  outcomes  in  paJents  on  lipid-‐lowering  therapy*  that  
have  combinaJons  of  CVD  comorbidiJes  and  risk  factors  that  create  a  high  risk  of  a  first  CV  event  

OR  have  had  a  prior  CV  event  or  related  procedure

Ongoing  CVOTs  Will  Evaluate  the  Impact  of  PCSK9  InhibiDon  on  CV  
Events  in  DisDnct  PopulaDons  Throughout  the  CV  Risk  ConDnuum

Chronic  
Renal  Disease

Diabetes

Cardiovascular  
Event

Subclinical  
Organ  Damage

CVD  Risk  Factors  
and  

ComorbidiDes

Stroke

Myocardial  
InfarcDon

Angina

Dzau  VJ,  et  al.  CirculaJon.  2006;114:2850-‐70;  Dzau  VJ,  et  al.  CirculaJon.  2006;114:2871-‐91.

PAD

End  Organ  
Failure

*Includes  highly  effecDve  staDns  unless  staDn  intolerant.




Nicholls SJ, et al.  JAMA 2016 Nov 15. 
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Nicholls  SJ,  et  al.    JAMA  2016  Nov  15.

Changes on IVUS according to 
baseline LDL-C  

The GLAGOV trial 



The  Evolocumab  FOURIER  Study  Assesses  CV  Outcomes  in  a  
Secondary  PrevenDon  PopulaDon  With  Prior  CVD

14 

CV=cardiovascular;  CVD=cardiovascular  disease;  LDL-‐C=low-‐density  lipoprotein  cholesterol;  MI=myocardial  infarcDon;  non-‐HDL-‐C=non-‐high-‐density  lipoprotein  
cholesterol;  PAD=peripheral  arterial  disease;  Q2W=every  two  weeks;  QM=monthly;  SC=subcutaneous.
Repatha™  (evolocumab)  has  been  approved  for  use  by  the  U.S.  FDA  and  EC.
SabaDne  MS.  AHJ  American  Heart  Journal.  2016;173:94-‐101.

PaDent  PopulaDon
§  27,564  paDents  with  CVD  (prior  MI,  non-‐

hemorrhagic  stroke,  or  symptomaDc  PAD)
§  Age  40  to  85  years
§  AddiDonal  risk  factors  (1  major  or  2  minor)

Primary  Endpoint
§  CV  death
§  MI
§  HospitalizaDon  for                          

unstable  angina

§  Stroke
§  Coronary  

revascularizaDon

Screening,  Placebo  Run-‐in,  and    
Lipid  StabilizaDon  Period

OpDmal  background  lipid  
therapy  

(including  effecDve  dose  of  
staDn  ±  ezeDmibe)

LDL-‐C  
≥70  mg/dL

(≥1.8  mmol/L)

or

non-‐HDL-‐C  
≥100  mg/dL
(≥2.5  mmol/L)

Evolocumab  SC  
140  mg  Q2W  or  420  mg  QM  

≈13,750  subjects

Placebo  
Q2W  or  QM  

≈13,750  subjects



The  Alirocumab  ODYSSEY  Outcomes  Study  Focuses  
on  a  Secondary  PrevenDon  PopulaDon  Post  ACS

15 

ACS=acute  coronary  syndrome;  CHD=coronary  heart  disease;  LDL=low-‐density  lipoprotein;  MI=myocardial  infarcDon;  Q2W=every  two  weeks.
Praluent®  (alirocumab)  has  been  approved  for  use  by  the  US  FDA  and  EC.
Schwartz  GG  et  al.  Am  Heart  J.  2014;168(5):682-‐689.

PaDent  PopulaDon
§  ACS  event  4  to  52  weeks  prior  to  

randomizaDon
§  Age  >40  years
§  LDL-‐C  ≥70  mg/dL  (1.8  mmol/L)  despite  

opDmal                                            lipid  treatment

Primary  Endpoint:  Composite  of  
§  CHD  death
§ Non-‐fatal  MI
§  Ischemic  stroke
§ Unstable  angina  requiring  hospitalizaDon

Double-‐Blind  Treatment  Period  
(~2  to  5  years)

Background  lipid  treatment:  AtorvastaDn  40/80  mg,  or  rosuvastaDn  20/40  mg,  or  
atorvastaDn/rosuvastaDn  at  maximal  tolerated  dose,  with  or  without  nonstaDn  lipid  
treatments,  throughout  study
Diet:  NCEP-‐ATPIII  TherapeuDc  Lifestyle  Changes  or  equivalent  throughout  study

R

UnDl  
Month  2

75  mg  Q2W

At  Month  2  and  beyond:
75  mg/150  mg  Q2W

Placebo  (n=9,000)

Alirocumab  (n=9,000)  M2

RandomizaD
on  

Inde
x  

ACS

4–52  
weeks

Run-‐in  Period  
(up  to  16w)

If  LDL-‐C  aver    
1  mo  ≥50  mg/
dL  
(1.25  mmol/
L),  then  dose  
increased  to    
150  mg  Q2W



SPIRE Phase 3 Bococizumab Clinical Program:  
 

Recently terminated  
 

J-C Tardif, Executive committee co-chairman 
SPIRE (Studies of PCSK9 Inhibition and  

the Reduction of Vascular Events) N=~30,000 

SPIRE HR (n = 600) 
On statin 

High risk of CV event 
LDL-C ≥70 or ≥100 mg/dL 

SPIRE LDL (n = 1,932) 
On statin 

High risk of CV event 
LDL-C ≥70 mg/dL 

SPIRE FH (n = 300) 
HeFH (genetic diagnosis or 

Simon Broome Criteria),  
LDL >70 mg/dl 

SPIRE Lipid Lowering Studies SPIRE CV Outcomes Studies 

SPIRE LL (n = 690) 
On statin High / very high  

risk of CV event 
LDL-C ≥100 mg/dL 

SPIRE SI (n = 150) 
Statin intolerant 

LDL-C ≥70 mg/dL  
 

SPIRE-1 (n = 17,000) 
High Risk Primary and 
Secondary Prevention  

LDL-C ≥70 to <100 mg/dL 
on statins (or statin 

intolerant) 

SPIRE-2 (n = 11,000) 
High Risk Primary and 
Secondary Prevention 

LDL-C ≥100 mg/dL on statins 
(or statin intolerant) 

NCT#: https://
clinicaltrials.gov  
SPIRE HR: NCT01968954  
SPIRE LDL: NCT01968967 
SPIRE HF: NCT01968980  
SPIRE-LL: NCT02100514 
SPIRE-SI: NCT02135029 
SPIRE-1: NCT01975376  
SPIRE-2: NCT01975389 



Adhesion
 Molecule

Monocyte

LDL

LDLMCP-1

Macrophage

Cytokines

Foam 
Cell
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INHIBITION OF ATHEROSCLEROSIS BY HDL 



NEJM 2012;367:2089-2099 



Main dal-Outcomes  
Trial Results 

19 NEJM 2012;367:2089-2099 
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hs-CRP was higher with dalcetrapib  
than placebo 

 
With dalcetrapib, versus placebo: 

•  Mean systolic blood pressure 
was 0.6 mm Hg higher 
(P<0.001) 

•  More AE/SAE related to 
hypertension 

•  No effect on plasma aldo-
sterone, bicarbonate, or K+  

•  No difference in number of anti-
hypertensive medications 

  
•  At 3 months, hs-CRP  was 

higher with dalcetrapib 
(P<0.001, ANOVA after log 
transformation) 



Discovery GWAS results in 
dal-Outcomes 

21 

Cox  proporDonal  hazards  model  for  CV  events  adjusted  for  sex  and  5  principal  components
Note:  Chr  23  is  the  non-‐pseudoautosomal  region  of  the  X  chr  and  25  is  for  the  pseudoautosomal  regions

ADCY9

Q-‐Q  plot

Manhawan  plot  of  5,543,264  SNPs  with  MAF  ≥  0.05  in  the  dalcetrapib  arm

P=  2.4  x  10  -‐8

21Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 



Discovery GWAS results 

22

Genome-wide 
significant finding 

Effect absent 
with placebo 

The gene-by-treatment arm interaction term is indicative of a 
statistical interaction (P=0.0014; beta: -0.340) 

22Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 



Treatment effect stratified  
by genotypes 

AA 
dalcetrapib 

placebo 

AG 
dalcetrapib 

placebo 

GG 
dalcetrapib 

placebo 

n=961, HR=0.61 CI(0.41, 0.92)  

n=2796, HR=0.94 CI(0.77, 1.16)  

n=1984, HR=1.27 CI(1.02, 1.58)  

Tested for main study primary outcome adding unanticipated 
coronary revascularization (Primary PGx) 

ADCY9 rs1967309 

N=485;  events =38 

N=476;  events =59 

N=1379;  events =176 

N=1417;  events =192 

N=978;  events =176 

N=1006;  events =146 

23Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 



Treatment effect by genotypes 
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Tested for main study primary outcome or 
unanticipated coronary revascularization 
(Primary PGx endpoint) 

Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 



Treatment  effect  by  genotypes:  
A  different  picture  emerges  

Events:  
main study primary outcome or unanticipated coronary revascularization 

N at risk/days 0 200 400 600 800 1000 1200 
Dalcetrapib 933 870 820 778 604 329 74 
Placebo 956 898 867 831 649 339 75 

0 200 400 600 800 1000 1200 
1313 1242 1189 1159 937 504 120 
1342 1253 1211 1170 946 504 119 

0 200 400 600 800 1000 1200 
462 452 435 426 355 200 51
452 437 416 402 331 186 33

ADCY9 rs1967309 
 

     GG                AG                  AA 

Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 



Supporting evidence 
dal-PLAQUE-2 trial 

v  Among the 411 patients, 386 have imaging measures at baseline, 6 
months, and 12 months  
Ø  194 patients are in the dalcetrapib treatment arm 
Ø  192 in the placebo arm 

26

The common carotid 
artery measures were used 

as supporting evidence 

Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 



Mean change from baseline in cIMT after 12 months of dalcetrapib treatment 

Supporting evidence 
dal-PLAQUE-2 trial

-‐0,04

-‐0,02

-‐1E-‐16

0,02
rs1967309 rs2238448 rs11647778
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0
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rs12599911 rs12595857 rs11647828

-‐0,04
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0
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rs8049452 rs4786454 rs2531967
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alleles

** ** 

* * ** 

* 
* * 

27Tardif et al. Circulation Cardiovasc Genet. 2015;8:372-382 

0 



Lindpaintner K. Circulation Cardiovascular Genetics 2015  



dal-PLAQUE-2: Change in global cholesterol 
efflux from baseline to 12 months 

29 

P=0.93 

P=0.001 

P=0.005 

Tardif  JC et al. Circ Cardiovasc Genetics 2016;9:340-348 



dal-OUTCOMES : Placebo-adjusted GM percent 
change in hs-CRP 
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Tardif  JC et al. Circ Cardiovasc Genetics 2016;9:340-348 



Adcy9  inacDvaDon  potenDates  endothelial-‐dependent  
vasodilaDon  in  mouse  femoral  arteries

WT
Adcy9Gt/Gt
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Adcy9  inacDvaDon  protects  from  atherosclerosis  in  mice  
infected  with  AAV8-‐Pcsk9_D377Y  fed  a  high-‐cholesterol  diet
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**  P<0.01



  


Recent ACS 

Visits ~ every 6 months until  
endpoint target reached  

dalcetrapib 

placebo 

Consent 
and 

genotyping 
 
 
 

Dal-GenE Study Design 

Primary Objective:  To prospectively evaluate the 
potential of dalcetrapib to reduce cardiovascular 
morbidity and mortality in patients with a 
documented recent ACS and the AA genotype at 
rs1967309 in ADCY9 gene 

N=33,000 
n=5,000 



circres.ahajournals.org 

Inflammation and immunity in atherosclerosis 



Stable CAD (post MI) 
On Statin, ACE/ARB, BB, ASA  

Persistent Elevation  
of hsCRP (> 2 mg/L) 

Randomized 
Canakinumab 150 mg  

SC q 3 months 

Randomized 
Placebo  

    SC q 3 months     

    Primary Endpoint:  Nonfatal MI, Nonfatal Stroke, Cardiovascular Death     

Randomized 
Canakinumab 300 mg  

SC q 3 months 

Canakinumab Anti-inflammatory Thrombosis Outcomes Study 
 (CANTOS) 

Secondary Endpoints: Total Mortality, New Onset Diabetes, Other Vascular Events 

Exploratory Endpoints: DVT/PE; SVT; hospitalizations for CHF; PCI/CABG; biomarkers 
35 

Randomized 
Canakinumab 50 mg  

SC q 3 months 

N = 10,000 



♦  To directly test the 
inflammatory hypothesis of 
atherothrombosis  

♦  To evaluate in a randomized, 
double-blind, placebo-controlled 
trial whether MTX given at a 
target dose of 20 mg po weekly 
over a three  year period will 
reduce rates of recurrent 
myocardial infarction, stroke, or 
cardiovascular death among 
patients with a prior history 
of myocardial infarction and 
either type 2 diabetes or 
metabolic syndrome.  

Cardiovascular Inflammation Reduction Trial (CIRT) 
Primary Aims 

N = 7,000  NHLBI-Sponsored 
Enrollment Started June 2013 
350 US and Canadian Sites 

Stable CAD (post MI) 
On Statin, ACE/ARB, BB, ASA  

Persistent Evidence of Inflammation 
Diabetes or Metabolic Syndrome 

MTX 15-20 mg 
Weekly  

       Placebo       
    

Nonfatal MI, Nonfatal Stroke,  
Cardiovascular Death 



The LODOCO study 

The effect of adding colchicine became 
evident early, continued to accrue over 
time, and was largely driven by a reduction 
in ACS unrelated to stent disease. 

Nidorf SM et al. J Am Coll Cardiol 2013;61:404-410 



Colchicine Cardiovascular Outcomes Trial (COLCOT) 

Sponsored by Quebec Gov. and CIHR 

Post-MI ≤30 days (n=4500 patients) 
On statin, anti-platelet  agents, ±RAASi, ±BB 

Treated according to natl guidelines 
PCI completed if applicable 

Colchicine 0.5 mg 
daily  

       Placebo       
    

Primary endpoint: CV death, cardiac arrest, MI, stroke,  
urgent hospitalization for angina requiring coronary revasc. 

Secondary endpoints: Components of primary, total mortality;  
CV death, cardiac arrest, MI, stroke 


