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High Plasma Apo B Lipoprotein Levels 
Promote Atherogenesis 
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Total Cholesterol Distribution:   
CHD vs Non-CHD Population 

Castelli WP. Atherosclerosis. 1996;124(suppl):S1-S9. 
1996 Reprinted with permission from Elsevier Science. 
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Low HDL-C Levels Increase CHD Risk Even When 
Total-C Is Normal 

Risk of CHD by HDL-C and Total-C levels; aged 48–83 y 
Castelli WP et al. JAMA 1986;256:2835–2838 
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LDL-C achieved mg/dL (mmol/L) 
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LDL cholesterol and benefit in clinical trials 
Is lower better ? 

JUPITER 

TNT 













TNT: Changes in LDL-C by  
Treatment Group 

0

20

40

60

80

100

120

140

160 Atorvastatin 10 mg (n=5006)

Atorvastatin 80 mg (n=4995)

Final Screen 0 3 12 24 36 48 60 

P<.001 

Baseline 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

M
e
a
n

 L
D

L
-C

 (m
m

o
l/L

) 

Mean LDL-C level = 101 mg/dL (2.6 mmol/L) 

Mean LDL-C level = 77 mg/dL (2.0 mmol/L)  

LaRosa et al. N Engl J Med. 2005;352:1425-1435. 

M
e
a
n

 L
D

L
-C

 (
m

g
/d

L
) 

Study Visit (Months) 



TNT: Primary Efficacy Outcome Measure: Major 
Cardiovascular Events* 

* CHD death, nonfatal non–procedure-related MI, resuscitated cardiac arrest,  

fatal or nonfatal stroke. 

 LaRosa et al. N Engl J Med. 2005;352:1425-1430. 

HR=0.78 (95% CI 0.69, 0.89); P<.001 
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Patient with HoFH 

• 28 year-old female 

• Cutaneous xanthomas beginning at age 3 

• Obstructive coronary artery disease and CABG at age 12 

• LDL cholesterol = 780 mg/dL 

EMDAC 

Slide 

FINAL 

CM-006. 

©2013 Aegerion Pharmaceuticals, Inc.  



Clinical Characteristics FH 

Tendinous Xanthomas (any age) 

Corneal Arcus (<45yo) 

Xanthelasma (<25yo) 



 Four Major Statin Benefit 
Groups  

1) Individuals with clinical ASCVD 

2) Individuals with LDL >190 

3) Individuals with dm, 40-75 yo with LDL 70-189 
and without clinical ASCVD 

4) Individuals without clinical ASCVD or dm with LDL 
70-189 and estimated 10-year ASCVD risk >7.5% 



4 Statin Benefit Groups 

• Clinical ASCVD*  

• LDL–C >190 mg/dL, Age >21 years 

• Primary prevention – Diabetes: Age 40-75 years, LDL–C 
70-189 mg/dL 

• Primary prevention - No Diabetes†: ≥7.5%‡ 10-year ASCVD 
risk, Age 40-75 years, LDL–C 70-189 mg/dL,  

*Atherosclerotic cardiovascular disease 
†Requires risk discussion between clinician and patient before statin initiation. 
‡Statin therapy may be considered if risk decision is uncertain after  use of  ASCVD 

risk calculator. 



Intensity of Statin Therapy 

*Individual responses to statin therapy varied in the RCTs and should be expected to vary in clinical 

practice. There might be a biologic basis for a less-than-average response.  

†Evidence from 1 RCT only: down-titration if unable to tolerate atorvastatin 80 mg in IDEAL (Pedersen et 

al). 

‡Although simvastatin 80 mg was evaluated in RCTs, initiation of simvastatin 80 mg or titration to 80 mg is 

not recommended by the FDA due to the increased risk of myopathy, including rhabdomyolysis. 









http://clincalc.com/Cardiology/ASCVD/PooledCohort.aspx 

http://clincalc.com/Cardiology/ASCVD/PooledCohort.aspx


INTENSITY OF STATIN THERAPY IN 
PRIMARY AND SECONDARY 

PREVENTION 



STATIN SAFETY RECOMMENDATIONS  

• SELECT THE APPROPRIATE DOSE 

 

• KEEP POTENTIAL SIDE EFFECTS AND DRUG-DRUG INTERACTION IN 

MIND (GRADE A) 

 

• IF HIGH OR MODERATE INTENSITY STATIN NOT TOLERATED, USE THE 

MAXIMUM TOLERATED DOSE INSTEAD 

 

 

 

 

 

 

 



Individuals Not in a Statin Benefit Group 

• In those for whom a risk decision is uncertain, these 

factors may inform clinical decision making:  

• Family history of premature ASCVD 

• Elevated lifetime risk of ASCVD 

• LDL-C ≥160 mg/dL 

• hs-CRP ≥2.0 mg/L 

• CAC score ≥300 Agaston units 

• ABI <0.9 
 

• Statin use still requires discussion between clinician 

and patient 



Management of Muscle  

Symptoms on Statin Therapy 

• It is reasonable to evaluate and treat muscle 

symptoms including pain, cramping, weakness, or 

fatigue in statin-treated patients according to the 

management algorithm 
 

• To avoid unnecessary discontinuation of statins, 

obtain a history of prior or current muscle symptoms 

to establish a baseline before initiating statin therapy 



Management of Muscle  

Symptoms on Statin Therapy (cont.) 

If unexplained severe muscle symptoms or fatigue 

develop during statin therapy: 

• Promptly discontinue the statin  

• Address possibility of rhabdomyolysis with: 

• CK 

• Creatinine 

• Urinalysis for myoglobinuria 



Management of Muscle  

Symptoms on Statin Therapy (cont.) 
If mild-to-moderate muscle symptoms develop during 

statin therapy: 

• Discontinue the statin until the symptoms are 

evaluated 

• Evaluate the patient for other conditions* that might 

increase the risk for muscle symptoms 

• If after 2 months without statin Rx, muscle 

symptoms or elevated CK levels do not resolve 

completely, consider other causes of muscle 

symptoms 
 

*Hypothyroidism, reduced renal or hepatic function, rheumatologic disorders such as 

polymyalgia rheumatica, steroid myopathy, vitamin D deficiency or primary muscle diseases 

     



Statin-Treated Individuals  

Nonstatin Therapy Considerations  

• Use the maximum tolerated intensity of statin 

• Consider addition of a nonstatin cholesterol-

lowering drug(s)  
• If a less-than-anticipated therapeutic response 

persists  

• Only if ASCVD risk-reduction benefits outweigh the 

potential for adverse effects in higher-risk persons: 
• Clinical ASCVD <75 years of age 

• Baseline LDL-C ≥190 mg/dL 

• Diabetes mellitus 40 to 75 years of age  

• Nonstatin cholesterol-lowering drugs shown to 

reduce ASCVD events in RCTs are preferred 

 









Summary of Key Differences 
ATP-III AHA/ACC 

Basis for recommendations Expert opinion based on 
pathophysiology, 
observational, & RCT data 

Evidence-based 
recommendations based 
on RCTs and systematic 
reviews 

Risk stratification CHD equivalents, risk 
factors, 10-year risk of MI 

4 specific risk groups based 
on benefits in clinical trials 

Risk calculation Framingham risk score Pooled cohort equation 

Goals of therapy LDL & non-HDL levels 
(stratified by risk) 

Statin intensity  
(% LDL reduction) 

 Role for monitoring Fasting lipid panel to assess 
achievement of goal 

Fasting lipid panel to assess 
adherence/therapeutic 
response 

Role of non-statin agents Encouraged use if needed 
to achieve LDL or non-HDL 
goal 

Discourages use in most 
patients because of lack of 
evidence on improving 
outcomes 



The Role of PCSK9 in the Regulation  

of LDL Receptor Expression 

For illustration purposes only 



Impact of an PCSK9 mAb     

on LDL Receptor Expression 

For illustration purposes only 























Results of the GLAGOV Trial 

Steven E. Nissen MD 

Stephen J. Nicholls MBBS PhD 

Disclosure 

Sponsor: Amgen 

Clinical Trials: Abbvie, Amgen, AstraZeneca, Cerenis, Eli Lilly, Esperion, 

Takeda, Novo Nordisk, The Medicines Company, and Pfizer.  

Companies are directed to pay any honoraria directly to charity. No personal 

reimbursement is accepted for directing or participating in clinical trials.  

Global Assessment of Plaque Regression with a PCSK9 

Antibody as Measured by Intravascular Ultrasound  



423 statin completers 423 evolocumab completers 

61 patients did not 

complete 

Follow-up IVUS of originally imaged “target” vessel (n=846) 

Stable, optimized statin dose for 4 weeks with LDL-C >80 mg/dL 
or 60-80 mg with additional high risk features 

Intravascular ultrasound via motorized pullback 
at 0.5 mm/sec through >40 mm segment 

968 patients at 197 global centers with symptomatic CAD and other high risk 
features. Coronary angiography showing 20-50% stenosis in a target vessel 

Statin 

monotherapy 

Statin plus monthly SC 

evolocumab 420 mg  
18 months 

treatment 

61 patients did not 

complete 



Change in LDL-Cholesterol During 

Treatment 
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Primary Endpoint: Percent Atheroma 

Volume 
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Secondary Endpoint: Total Atheroma 
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An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

FOURIER 
Further cardiovascular OUtcomes 

Research with PCSK9 Inhibition in 

subjects with Elevated Risk 

MS Sabatine, RP Giugliano, AC Keech, N Honarpour, 

SM Wasserman, PS Sever, and TR Pedersen, 

for the FOURIER Steering Committee & Investigators 

 

American College of Cardiology – 66th Annual Scientific Session 

Late-Breaking Clinical Trial 

March 17, 2017 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Objectives 

In patients with established cardiovascular disease 

on statin therapy: 

• Test whether the addition of evolocumab reduces the 

incidence of major cardiovascular events 

• Examine the long-term safety & tolerability of 

evolocumab 

• Investigate the efficacy and safety of achieving 

unprecedented low levels of LDL-C 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Trial Design 

Evolocumab SC  
140 mg Q2W or 420 mg QM 

Placebo SC 
Q2W or QM 

 

 

 

LDL-C ≥70 mg/dL or 

non-HDL-C ≥100 mg/dL 

 

 

 

 

Follow-up Q 12 weeks 

 

Screening, Lipid Stabilization, and Placebo Run-in 
 

High or moderate intensity statin therapy (± ezetimibe) 

27,564 high-risk, stable patients with established CV disease 

(prior MI, prior stroke, or symptomatic PAD) 

RANDOMIZED 

DOUBLE BLIND 

Sabatine MS et al. Am Heart J 2016;173:94-101 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Endpoints 

• Efficacy 

– Primary: CV death, MI, stroke, hosp. for UA, or coronary revasc 

– Key secondary: CV death, MI or stroke 

• Safety 

– AEs/SAEs 

– Events of interest incl. muscle-related, new-onset diabetes, 

neurocognitive  

– Development of anti-evolocumab Ab (binding and neutralizing) 

• TIMI Clinical Events Committee (CEC) 

– Adjudicated all efficacy endpoints & new-onset diabetes 

– Members unaware of treatment assignment & lipid levels 

Sabatine MS et al. Am Heart J 2016;173:94-101 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Randomized 27,564 patients  

Evolocumab 

(N=13,784) 

Placebo 

(N=13,780) 

Premature perm. 

drug discontinuation 
5.6%/yr 5.8%/yr 

Withdrew consent 0.29%/yr 0.35%/yr 

Lost to follow-up 5 patients 13 patients 

Follow-up median 26 months (IQR 22-30) 

Ascertainment for primary endpoint was complete for 
99.5% of potential patient-years of follow up 

Follow-up 

2907 patients experienced primary endpoint 

1829 experienced key secondary endpoint 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Baseline Characteristics 

Characteristic Value 

Age, years, mean (SD) 63 (9) 

Male sex (%) 75 

Type of cardiovascular disease (%) 

 Myocardial infarction 81 

 Stroke (non-hemorrhagic) 19 

 Symptomatic PAD 13 

Cardiovascular risk factor (%) 

 Hypertension 80 

 Diabetes mellitus 37 

 Current cigarette use 28 

Pooled data; no differences between treatment arms 

Median time from most 

recent event ~3 yrs 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Lipid Lowering Therapy 

& Lipid Levels at Baseline 

Characteristic Value 

Statin use (%)* 

 High-intensity 69 

 Moderate-intensity 30 

Ezetimibe use (%) 5 

Median lipid measures (IQR) – mg/dL 

 LDL-C 92 (80-109) 

 Total cholesterol 168 (151-189) 

 HDL-C 44 (37-53) 

 Triglycerides 133 (100-182) 

Pooled data; no differences between treatment arms 

*Per protocol, patients were to be on atorva ≥20 mg/d or equivalent. 

1% were on low intensity or intensity data were missing. 

Statin intensity defined per ACC/AHA 2013 Cholesterol Guidelines. 



An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School
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An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School
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An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School
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An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School
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An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Types of CV Outcomes 

Endpoint 

Evolocumab 

(N=13,784) 

Placebo 

(N=13,780) HR (95% CI) 

3-yr Kaplan-Meier rate 

CV death, MI, or stroke 7.9 9.9 0.80 (0.73-0.88) 

Cardiovascular death 2.5 2.4 1.05 (0.88-1.25) 

 Death due to acute MI 0.26 0.32 0.84 (0.49-1.42) 

 Death due to stroke 0.29 0.30 0.94 (0.58-1.54) 

 Other CV death 1.9 1.8 1.10 (0.90-1.35) 

MI 4.4 6.3 0.73 (0.65-0.82) 

Stroke 2.2 2.6 0.79 (0.66-0.95) 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Types of CV Outcomes 

Endpoint 

Evolocumab 

(N=13,784) 

Placebo 

(N=13,780) HR (95% CI) 

3-yr Kaplan-Meier rate 

CVD, MI, stroke, UA, or revasc 12.6 14.6 0.85 (0.79-0.92) 

CV death, MI, or stroke 7.9 9.9 0.80 (0.73-0.88) 

Cardiovascular death 2.5 2.4 1.05 (0.88-1.25) 

MI 4.4 6.3 0.73 (0.65-0.82) 

Stroke 2.2 2.6 0.79 (0.66-0.95) 

Hosp for unstable angina 2.2 2.3 0.99 (0.82-1.18) 

Coronary revasc 7.0 9.2 0.78 (0.71-0.86) 

 Urgent 3.7 5.4 0.73 (0.64-0.83) 

 Elective 3.9 4.6 0.83 (0.73-0.95) 

Death from any cause 4.8 4.3 1.04 (0.91-1.19) 



An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School
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An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School
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An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Safety 

Evolocumab 

(N=13,769) 

Placebo 

(N=13,756) 

Adverse events (%) 

Any  77.4  77.4 

Serious  24.8  24.7 

Allergic reaction  3.1  2.9 

Injection-site reaction  2.1  1.6 

Treatment-related and led to d/c of study drug  1.6  1.5 

Muscle-related  5.0  4.8 

Cataract  1.7  1.8 

Diabetes (new-onset)  8.1  7.7 

Neurocognitive  1.6  1.5 

Laboratory results (%) 

Binding Ab  0.3 n/a 

Neutralizing Ab none n/a 

New-onset diabetes assessed in patients without diabetes at baseline; adjudicated by CEC 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Summary for Evolocumab 

•  LDL-C by 59% 

– Consistent throughout duration of trial 

– Median achieved LDL-C of 30 mg/dl (IQR 19-46 mg/dl) 

•  CV outcomes in patients already on statin therapy 

– 15%  broad primary endpoint; 20%  CV death, MI, or stroke 

– Consistent benefit, incl. in those on high-intensity statin, low LDL-C 

– 25% reduction in CV death, MI, or stroke after 1st year 

– Long-term benefits consistent w/ statins per mmol/L  LDL-C 

• Safe and well-tolerated  

– Similar rates of AEs, incl DM & neurocog events w/ EvoMab & pbo 

– Rates of EvoMab discontinuation low and no greater than pbo 

– No neutralizing antibodies developed 

 

 



An Academic Research Organization of  

Brigham and Women’s Hospital and Harvard Medical School 

Conclusions 

In patients with known cardiovascular disease: 

 

1. PCSK9 inhibition with evolocumab 

significantly & safely  major cardiovascular 

events when added to statin therapy 

 

2. Benefit was achieved with lowering LDL 

cholesterol well below current targets 





1. Statins remain the cornerstone of risk reduction in patients with atherosclerotic  
       cardiovascular disease and primary prevention. 
 
2. Consider add-on therapy, i.e ezetimibe, for patients not at goal or not able to  
       tolerate maximal statin therapy 
 
3. PCSK9 inhibitors are now indicated for patients with familial heterozygous 
       hyperlipidemia or clinical atherosclerotic cardiovascular disease on maximally  
       tolerated statin therapy not at goal 
 
4.   All therapies are only indicated when patient are on low cholesterol diets 


