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Boekholdt SM, Hovingh GK, JACC 2015

Achieved LDL-C matters



Milestones towards acceptance of the LDL-C hypothesis

Anitschkow, the cholesterol-fed rabbit model

Muller, familial hypercholesterolemia, xanthomatosis

Gofman, lipoproteins in plasma correlate with CHD risk

Framingham Study, CHD risk is highest in groups with highest blood 

cholesterol levels 

Nobel Prize to Konrad Bloch for elucidating cholesterol biosynthesis

pathway

Goldstein and Brown, the LDL receptor and regulation

of cholesterol and lipoprotein metabolism

Endo, discovery of the first effective statin drug 

(statins not marketed until 1987)

Merck, discovery of mevinolin (lovastatin), later to become the first 

statin to reach the market

Innerarity, discovery of ApoB implication in FH

The statin era: (4S) showing that treatment with simvastatin reduces 

coronary heart disease mortality 
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2003Abifadel, discovery of PCSK9 implication in FH

Improve-it, adding Ezetimibe: beneficial effect on CVD 2015

PCSK9 ab outcome trials...effect on CVD 2017



Raal Hovingh. Lancet 2015;385:331–340.

Evolocumab significantly reduces LDL-C 
in patients with heterozygous FH

Placebo Q2W (n=54) Evolocumab 140 mg Q2W (n=110)

Study week
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PCSK9i in heFH

Hartgers et al. under review.



“Evolocumab plus to SoC may provide a cost-effective option for LDL-

C lowering in FH and SP patients in Spain.”

assumptions: RR heFH 13, on Rx 10

10 year event risk 50%

lifetime risk 95%



80 -90 % denial



Dadu and Ballantyne. Nat Card Rev 2014 





PCSK9i; one size fits all??



Post hoc





Marc Sabatine AHA Anaheim 2017

N

Cumulative incidence 

of CV death, MI, or 

stroke

ARR
NNT

Overall patients 

with prior MI
N= 22,351 -- -- --

Time from 

Qualifying MI

< 2 y ago

N=8,402
10.8%

2.9%
35

≥ 2 y ago

N=13,918
9.3%

1.0%
101

Number of 

Prior MIs

≥ 2

N=5,285
15.0%

2.6%
38

1

N=17,047
8.2%

1.7%
60

Residual 

Multivessel 

CAD

MVD

N=5,618
12.6%

3.4%
29

No MVD

N=16,715
8.9%

1.3%
78



What about DM and 
weight gain?



PCSK9 antibodies; anything else?





Background of Inclisiran

• Inclisiran – 3rd generation chemically synthesized siRNA

• Enhanced stabilization chemistry results in long duration 

of action

• Inclisiran catalytic process to  PCSK9 levels

• GalNAc linker - targeted and rapid uptake by hepatocytes

• Antisense strand incorporated in RISC

• Prevents degradation of LDL receptors in hepatocytes

• Unique PK & PD profile (SC administration) 

• Peak plasma concentrations after 4 hrs

• Clinical dose not detected in plasma after 24 hrs

• Long PD effect after single injection (> 6 months)



•No thrombocytopenia

•No neuropathy

•No immunogenicity (no anti-drug antibodies)

•No pro-inflammatory symptoms or elevated markers

No safety concerns



Efficacy: Two dose starting regimen: PCSK9 level

End of study if LDL-C
back to baseline

P-value for all comparisons to placebo <0.0001



300 mg
50.9% reduction

Efficacy: One dose starting regimen
LDL-C reductions – 300 mg optimal

300 mg
38.4% reduction

P-value for all comparisons to placebo <0.0001



Efficacy: Two dose starting regimen

300 mg x2
55.5%      52.6%

P-value for all comparisons to placebo <0.0001



No safety concerns

•Low incidence of injection site reactions 

•No LFT elevations related to drug

•No evidence of anti-drug antibodies

Optimal dosage 300 mg given twice as starting regimen then Q6 monthly

•All patients had significant LDL-C lowering

•At 6 months, mean LDL-C of 52.6% (64 mg/dL), and up to 81% (122 mg/dL)

Phase II ORION-1 Study: Conclusions



Efficacy: Two dose starting regimen

Individual patient responses (%) at day 180

Mean 52.6%

Max 80.9%

Placebo
Percent reduction

Inclisiran 300 mg
Percent reduction

All patients 
responded
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ANGPTL3 ?





LDL-C TG HDL-CTGLDL-C

Genetic Inactivation of ANGPTL3 Reduces 

Plasma LDL-C, Triglyceride and HDL-C in Humans

Examination of Subjects with LoF Mutations in ANGPTL3.  

Musurunu, et. al NEJM 2010



21,980 people with CAD and 158,200 control subjects

heterozygous carriers of ANGPTL3 LOF mutations:  

17% TG reduction and 12% LDL-C reduction. 

Carrier status was associated with a 34% reduction in 

odds of CAD (odds ratio: 0.66; 95% confidence 

interval: 0.44 to 0.98; p = 0.04).



Study Design

Current LLT was maintained from at least 4 weeks before screening, and through the 26-

week treatment and observation period



Variable Mean±SD % 

change 

Mean±SD or median (Q1, 

Q3) absolute change

LDL-C –49 ± 23 –4.1 ± 2.3 mmol/L

Non-HDL cholesterol –49 ± 22 –4.3 ± 2.4 mmol/L

Apolipoprotein A1 –39 ± 9 –43 ± 17 mg/dL

Apolipoprotein B –46 ± 18 –1.0 ± 0.6 mmol/L

Total cholesterol –47 ± 19 –4.7 ± 2.3 mmol/L

Lipoprotein(a) −19 (−27, 1) −27 (−29, 1) nmol/L 

HDL-cholesterol −36 ± 16 −0.4 ± 0.3 mmol/L 

Triglycerides −47 (−57, −38) −0.3 (−0.2, −0.6) mmol/L 

Data given as mean ± SD or median (Q1, Q3)  



ANGPTL3?







Lp(a)

Kamstrup ATVB 2012 Jul;32(7):1732-41

Lp(a) 
level

SNP CVD risk



Effect of current therapies on Lp(a)

van capelleveen et al  JLR 2015



Viney N, Capelleveen J, -- Stroes E, Tsimikas S, Lancet (in press)

Viney N, Capelleveen J, -- Stroes E, Tsimikas S, Lancet (2016)

Antisense Rx; low dose, impressive and 
longlasting Lp(a) lowering 



PCSK9, ANGPTL3 and lp(a) and so 

much more....
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Guideline

Evidence from clinical trials 
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Daily Clinic

Gaps identified 

in clinic

Evidence rating
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How to deal with the results of 

CANTOS, Compass, Empareg and 

FOURIER

Collaborative Strategy, nationwide?



Cholesterol; what are the 
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You Bet!


