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Peter Libby, A Fire WithinA Fire Within
Scientifi c American  May 2002

Infl ammation in Atherosclerosis



�



Can we use infl ammatory
markers in the clinic?

C-reactive protein: CRP



Why CRP?
Stable chemically

Reliable, standardized, convenient, 
and inexpensive assay

Long half-life (ca. 24 h)

No diurnal variation

Levels fl uctuate little in the well

High dynamic range



Change in Acute-Phase Reactants After 
a Moderate Infl ammatory Stimulus

Gabay et al. N Engl J Med. 1999;340:448.
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Circulation

Primary Pro-Infl ammatory Cytokines Primary Pro-Infl ammatory Cytokines 
( e.g., IL-1, TNF-( e.g., IL-1, TNF-�  �  ))     IL-6IL-6

““Messenger” CytokineMessenger” CytokineICAM-1ICAM-1
Selectins, HSPs, etc.Selectins, HSPs, etc.

LiverLiver
EndotheliumEndothelium
and other cellsand other cells

after Libby, Ridker.
Circulation 1999;100:1148–1150.

Infl ammatory Pathways in AtherogenesisInfl ammatory Pathways in Atherogenesis

Pro-Infl ammatory Risk FactorsPro-Infl ammatory Risk Factors

CRPCRP
SAASAA

Other acute phase 
reactants:
Fibrinogen, Plasminogen 
activator inhibitor-1 (PAI-
1)





Coronary Heart Disease

Ischaemic Stroke

All Vascular Deaths
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C-reactive protein concentration and risk of cardiovascular events : 2010 

Emerging Risk Factor Collaborators, Lancet Jan 2010 

Age, gender adjusted Fully adjusted



C-reactive protein concentration and risk of cardiovascular events : 2010 
Direct comparison of hsCRP, systolic blood pressure, total 

cholesterol, and non-HDLC

Emerging Risk Factor Collaborators, Lancet Jan 2010 
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Risk Ratio (95%CI) per 1-SD higher usual values

Adjusted for age, gender, smoking, diabetes, BMI, BP, triglycerides, alcohol, lipid levels, and hsCRP



Clinical utility of Clinical utility of 
infl ammatory markersinfl ammatory markers

♥ Useful for screening?Useful for screening?
♥ Target for therapy?Target for therapy?

♥ Guide for therapy?Guide for therapy?



Should we use infl ammatory Should we use infl ammatory 
markers to guide therapy?markers to guide therapy?

Until recently there was 
no evidence that CRP-
guided therapy 
improves outcomes.



JUPITER: Rosuvastatin in the Primary Prevention of JUPITER: Rosuvastatin in the Primary Prevention of 
Cardiovascular Events in Individuals with Average LDL-C and Cardiovascular Events in Individuals with Average LDL-C and 

Elevated CRPElevated CRP
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JUPITERJUPITER
Baseline Clinical CharacteristicsBaseline Clinical Characteristics

   Rosuvastatin Placebo
(N = 8901) (n = 8901)

Age, years (IQR) 66.0 (60.0-71.0) 66.0 (60.0-71.0) 
Female, N (%) 3,426 (38.5) 3,375 (37.9)
Ethnicity, N (%)
   Caucasian 6,358 (71.4) 6,325 (71.1)
   Black 1,100 (12.4) 1,124 (12.6)
   Hispanic 1,121 (12.6) 1,140 (12.8)
Blood pressure, mm (IQR)
   Systolic 134 (124-145) 134 (124-145)
   Diastolic 80 (75-87) 80 (75-87)
Smoker, N (%) 1,400 (15.7) 1,420 (16.0)
Family History, N (%) 997 (11.2) 1,048 (11.8)
Metabolic Syndrome, N (%) 3,652 (41.0) 3,723 (41.8)
Aspirin Use, N (%) 1,481 (16.6) 1,477 (16.6)

All values are median (interquartile range) or N (%)









JUPITER
Primary Trial Endpoint : MI, Stroke, UA/Revascularization, CV Death

Placebo 251 / 8901

Rosuvastatin 142 / 8901

HR 0.56, 95% CI 0.46-0.69
P < 0.00001

Number Needed to Treat (NNT5) = 25

- 44 %
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Number at Risk Follow-up (years)

Rosuvastatin
Placebo

8,901 8,631 8,412 6,540 3,893 1,958 1,353 983 544 157
8,901 8,621 8,353 6,508 3,872 1,963 1,333 955 534 174



JUPITER
Secondary Endpoint – All Cause Mortality

Placebo 247 / 8901
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8,901 8,847 8,787 6,999 4,312 2,268 1,602 1,192 683 227
8,901 8,852 8,775 6,987 4,319 2,295 1,614 1,196 684 246



JUPITER
Secondary Endpoint – All Cause Mortality

Placebo 247 / 8901

Rosuvastatin 198 / 8901

HR 0.80, 95%CI 0.67-0.97
P= 0.02

- 20 %
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JUPITER
Adverse Events and Measured Safety Parameters 

Event    Rosuvastatin Placebo     P

Any SAE 1,352 (15.2) 1,337 (15.5) 0.60
Muscle weakness 1,421 (16.0) 1,375 (15.4) 0.34
Myopathy      10 (0.1)        9   (0.1) 0.82
Rhabdomyolysis        1 (0.01)*        0   (0.0) --
Incident Cancer    298 (3.4)    314   (3.5) 0.51
Cancer Deaths      35 (0.4)        58 (0.7) 0.02
Hemorrhagic stroke        6 (0.1)        9   (0.1) 0.44

GFR (ml/min/1.73m2 at 12 mth)        66.8 (59.1-76.5)  66.6 (58.8-76.2) 0.02
ALT > 3xULN      23 (0.3)     17 (0.2) 0.34

Fasting glucose (24 mth)     98  (91-107)    98 (90-106) 0.12
HbA1c (% at 24 mth)     5.9  (5.7-6.1)     5.8 (5.6-6.1) 0.01
Glucosuria (12 mth)         36 (0.5)       32(0.4) 0.64
Incident Diabetes**   270 (3.0)  216 (2.4) 0.01

*Occurred after trial completion, trauma induced.     All values are median (interquartile range) or N (%)
**Physician reported



Meta-analysis of Exclusively Primary Prevention Statin Trials in Women

.1 .5 1 5 10

AFCAPS/TexCAPS 1998

MEGA 2006

JUPITER 2008

0.63 (0.49-0.82)    P<0.001P for heterogeneity 0.56ALL

Favors Statin Favors Placebo

(0.34-1.31)

(0.49-1.10)

(0.37-0.80)

21/498

56/2718

70/3375

14/499

40/2638

39/3426

RR 95% CI Placebo Statin

0.67

0.73

0.54

Year

13 154 Women, 240 CVD events

Mora S et al Circulation 2010



JUPITER
Primary Endpoint By Ethnicity

HR 0.63, 95% CI 0.41-0.98
P = 0.04

Black, Hispanic, Other (N = 5,019) 
HR 0.55, 95% CI 0.43-0.69

P < 0.0001

Caucasian (N = 12,683)
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JUPITER

WOSCOPS

AFCAPS/TexCAPS
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Estimated 5-Year NNT Values for the Primary Prevention of 
Cardiovascular Disease In Middle-Aged Populations
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Ridker PM, Number needed to treat with 
rosuvastatin to prevent irst cardiovascular 
events and death among men and women 
with low low-density lipoprotein cholesterol 
and elevated high-sensitivity c-reactive 
protein: Justifi cation for the Use of statins in 
Prevention: an Intervention Trial Evaluating 
Rosuvastatin (JUPITER). Circulation: 
Cardiovascular Quality and Outcomes. 
2009;2:616-623 



Infl ammation:  Can it Change 
Minds to Save Hearts?

♥ Can the reduction to Can the reduction to 
practice of infl ammation practice of infl ammation 
biology in atherothrombosis:biology in atherothrombosis:

♥ Change practice Change practice 
guidelines?guidelines?

♥ Lead regulators to approve Lead regulators to approve 
new indications?new indications?



Major Changes since 2006 Recommendations:
    “hsCRP part of risk stratifi cation in intermediate-risk 
   subjects whose LDL-C does not already suggest          
treatment  (men >50, women >60 years)”

Authors go further suggesting CRP <2 
as a secondary treatment target

Genest J. Can J Cardiol 2009;25
Laboratory for Clinical Biochemistry Research

University of Vermont



The FDA Accepts Use of CRP for Targeting Therapy 

JAMA April 7, 2010 303:1242



Pathophysiology of Atherosclerosis: 
Key Points

♥ Infl ammation drives all Infl ammation drives all 
phases of atherosclerosis phases of atherosclerosis 
including initiation, including initiation, 
progression, and complicationprogression, and complication

♥ Infl ammation provides a Infl ammation provides a 
common link between many common link between many 
risk factors for atherosclerosis risk factors for atherosclerosis 
and altered arterial biologyand altered arterial biology



Pathophysiology of Atherosclerosis: 
Key Points

♥ Modifi cation of risk factors Modifi cation of risk factors 
can exert their clinical benefi t can exert their clinical benefi t 
by reducing infl ammationby reducing infl ammation

♥ Emerging evidence supports Emerging evidence supports 
the use of infl ammatory status the use of infl ammatory status 
to guide therapy that can to guide therapy that can 
reduce cardiovascular events reduce cardiovascular events 
in apparently well peoplein apparently well people
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