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Why are we having this talk?

A The most effective pharmacotherapy for
atherosclerotic vascular disease (AVD) risk
reduction Is statin therapy

Aal yé& alL S@Syida 200dzNJ
cholesterol levels
A Current cholesterol treatment guidelines do

not address a large proportion of patients at
risk for AvDwho would benefit from therapy

A Question: Should we check CRP to decide
about statin therapy?



Outline

A What is Geactive protein (CRP)? Isit a
marker or mediator?

A Association of CRP with CVD risk
A Incremental risk information offered by CRP
A JUPITER trial

A Current indications for lipidbwering / statin
therapy

A When we should check CRP in clinical practic:



What is CRP? Is it a marker or mediator o
CVvD?



What is CRP?
ASA&4020SNBR AY mMdbdonIZ 6

A Identified as hepatically derived pentraxin
1980s %

A 19 hour halflife :
A Level determined by synthetic rat m

A Induced by preanflammatory cytokines (e.qg.,
-6, TNF)

PM Ridker. Clinical Chemistry 2009:55(2);209-215.



Marker or Mediator?

A Binds to phosphotidylcholine (exposed on
Injured cells)

A Pattern recognition molecule of innate
Immunity

A Activates complement
A Direct proinflammatory effects

APromotes macrophage LDL phagocytosis

PM Ridker. Clinical Chemistry 2009:55(2);209-215.



Inflammation (CRP) Modifies the Association of Sta
Therapy with CVD Risk ReductioheCARE
Secondary Prevention Trial
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RidkerPM et al.Circulation1998;98:839844.
©1998 Lippincott Williams & Wilkins.



Inflammation (CRP) Modifies the Association C
Therapywith CVD Risk Reduction

Relative Risk of a First Ml Associated with Plasma Concentratiol
of CRP, Stratified By Assignment to Aspirin or Placebo Therap
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LowDose Aspirin Reduces Thromboxane
B, but not CRP
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Feldman M etal. J Am Coll Cardiol 2001;37:2036 -2041.



Achieved CRP level associated with CVL
outcomes



Clinical Relevance of Achieved {Dand
Achieved CRP Combined after Treatment with
Statin Therapy: PROVETIMI 22
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0.06 |
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0.04 - _p==r—====" LDL <70 mg/dl, CRP <1 mg/L
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Ridker PM etal. N EnglJMed 2005;352:20 -28.
Copyright 2005 Massachusetts Medical Society. All rights reserved.



CRP and LBL Reduction vs Progression Rate:
REVERSAL

A LDL and CRP reductions both
<median

A LDL reduction <median, CRP
reduction >median

LDL reduction >median, CRP
reduction <median

LDL and CRP reductions both
>median

Change in Percent
Atheroma Volume (%)

a

Nissen SE etal. N Engl J Med 2005;352:29 -38.




Pharmacological Inhibition of CRP Action
Protects Myocardium in Experimental Ml
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Chen K et al. Nat Med 2006:12:425-432
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Atherosclerosis Is aifelongChronic
Inflammatory Disease

Early stage: Leucocyte Late stage: Necrotic core
migration and plaque rupture

Decades

R Ross. Atherosclerosisd An inflammatory disease. NEJM 1999.



Why are we talking about inflammation?
Overfeeding. Sedentary lifestyle. Smoking.

Prevalence of Elevated CRP by BMI Category in U.S.
Adult Men and Women
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Visser M et al. JAMA 1999.



Associlation of CRP with CVD



Novel biomarker? Elevated CRP In acute
MI recognized in 1943!*
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hsCRHPredictsCVD: First 10 Prospective
Studies (now > 40)
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Assoclation of CRP with CVD Ris

A Strong and consistent
A Highest quartile odds ratio ~ 2.0

A Continuous across spectrum of CRP levels
I Extends toverylow levels (0.21 mg/L*)

A Independent of traditional cardiovascular risk
factors

A Predicts CHD, Stroke, PVD
A Predicts hypertension, diabetes

*Arima H Kubo M. ATVB 2008:28:1385-1391.



Does CRP add incremental information to CVL
risk prediction?



Does CRP add incremental information to CVL
risk prediction?

A Shah et al: systematic review of 31 prospective
studies, including 84,063 subjects & 11,252 CHD
events

A No consistent evidence that CRP improved
Framingham Risk Score prediction of CHD

A Cases and neoases have significant overlap of CRP
levels (CRP with poor predictive value)

Shah et al. International Journal of Epidemiology 2009.



Does CRP add incremental information to CVLC
risk prediction?
A www. Reynoldsriskscore. org

A Traditional risk factors of sex, age, blood pressure
total cholesterol, HDL cholesterol, smoking status

A Adds hsCRP and fam hx MI < age 60
A Reclassifies ~ 2030 % ofintermediate riskpatients

1orm2008.

A 50 yo man, SBP 135, Chol 150, HDL 40snuoker,
pos. fam hx Ml, nowliabetic

CRP, mg/L 1 3 5 ! 9
10 year risk of

Ridker PM. JAMA 2007. Ridker PM. Circulat
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Does CRP add incremental information to CVLC
risk prediction?
A www. reynoldsriskscore. org

A Traditional risk factors of sex, age, blood pressure
total cholesterol, HDL cholesterol, smoking status

A Adds hsCRP and fam hx MI < age 60
A Reclassifies ~ 2030 % ofintermediate riskpatients

1orm2008.

A 70 yo woman, SBP 160, Chol 200, HDL 40, non
smoker, pos. fam hx Ml, neshabetic

CRP, mg/L 1 3 5 ! 9
10 year risk of

Ridker PM. JAMA 2007. Ridker PM. Circulat
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The JUPITER Tnal



The JUPITER Trial Hypothesis:

Statins would lower vascular event rates
among apparently healthy men and women
who do not currently qualify for therapy based
on current guidelines because their KDIs <
130 mg/d| yet are at increased vascular risk
because of an enhanced iImmune response
detected y hsCRP > 2 mg/L.

Paul M Ridker. AJC 2009:103:1417-1425.



The JUPITER Tnal

A 17,802 apparently healthy men and women
with LDL < 130, RGRP > 2 mg/L

A Randomized to rosuvastatin 20 mg or placebo
for 5 years

A Primary outcome combined ACS,
revascularization, stroke, CV death

A Median LDL 108 mg/dL, medianGRP 4.2
mg/L

A DSMB terminated trial after median 1.9 yr f/u

Paul M Ridker et al. NEJM 2008;359(21):2195-2207.




JUPITER Trial Results

A LDL decreased 50%%6 maq/dL
A CRP decreased 37% to 2.2 mg/dL

Relative Risk
Reduction, 95% CI

Primary outcome 0.56 (0.460 0.69)

Event

Death 0.80 (0.640 0.97)
Ml 0.46 (0.30 to 0.70)

ANNT for 5 years = 25

Paul M Ridker et al. NEJM 2008;359(21):2195-2207.




LDL of 40 mg/dL May Be Physiologically
Normal LDL

Relative
Risk
for
Coronary
Heart
Disease
Log Scale)

I I I I I
40 70 100 130 160 190

LDL-Cholesterol

Implications of Recent Clinical Trials for the National Cholesterol
Education Program Adult Treatment Panel Il Guidelines. 1999.




The Relative Risk Reduction Achieved In
JUPITER Exceeds Previous Statin Trials

Trial Drug CHD Risk Reduction
Primary Prevention

AFCAPS/TexCAPS Lovastatin c40%*
WOSCOPS Pravastatin ¢31%*

Secondary Prevention
4S Simvastatin ¢34%*

CARE Pravastatin c24%*
LIPID Pravastatin c24%*
Ischemia

MIRACL Atorvastatin C26%**

AVERT Atorvastatin ¢36%**

*Nonfatal Ml or CHD death; **ischemic events

Downs JR et alAMA1998;279:16151622. | Shepherd J et all Engld Med1999;333:13041307. | ScandinaviaBimvastatirStudy
Group.Lancet1994;344:13831389. |

Sacks FM et aN Engld Med1996;335:10041009. |

LIPID Study GrouplEnglJ Med1998;339:13491357. | Schwartz GG et al.

JAMA2001;285:17111718. | Pitt B et aIN EnglJ Med1999;341:7676.




JUPITER Subgroup Analyses

Similar benefit present in:

A Framingham risk score < 10%

A Absent any major risk factor except age
A Men and women

A Nonwhite subjects

Paul M Ridker et al. NEJM 2008;359(21):2195-2207.



JUPITER Safety Analyses

Event Placebo | Rosuvastatin| P value

Any serious adverse
event

Muscular symptoms 16.0% 15.4%

15.2% 15.5%

Newly diagnosed
cancer

3.4% 3.5%

Hepatic disorder 2.4% 2.1%

Newly diagnosed
diabetes

Hemorrhagicstroke 0.1% 0.1%

3.0% 2.4%

Paul M Ridker et al. NEJM 2008;359(21):2195-2207.



Was the Benefit in JUPITER Actually Dependent U
High hsCRP Levels? Insight FraMRCAPS/TexCAPS
Primary Prevention Trial

‘ Event Rate

Study Group | lovastatin Placebo NNT

|

Low LDLEC/low CRP 0.025

| —
Low LDLC/high CRP 0.029
High LD{C/low CRP 0.020

High LDIC/high CRP

Median LDIC = 149.1 mgl;, Median CRP = 1.6 mg/L

Ridker PM etal. N EnglJ Med 2001;344:1959 -1965.



Current Indications for Lipid
Lowering Therapy



Treatment of Hyperlipidemia

High LDL -C

Therapeutic Lifestyle Change

Drug Therapy

( Statin '

Alternative: Resin or niacin

Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. JAMA 2001;285:2486 -2497.



Treatment Categories, Ll Goals and
Cutpoints: NCEP ATP lll & Update

Consider Drug

Risk Category  LDLC Goal Therapy

Updated goals

Very high risk

CHD or (ACS): LDL <
CHD risk equivalen R e 70 mgdLan
option
>2 Risk Factors
. <130 mgfL 130 mghL LDL < 100
10-yr risk 1@20% mg/dLis an

10-yr risk <10% <130 mgdL >160 mgAL option

<2 Risk Factors <160 mg/dL| =190 mgAL _

*100 7 129 mg/dL = after TLC, consider statin, niacin, or fibrate therapy

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in AdultslAMA2001;285:248&497. Update 2004.



AHA/CDC Panel: Recommendations for Use-&fRIB in
Clinical Practice

A hs-CRP independent marker of CVD risk

A Patients at intermediate risk (£20% risk of CHD per 10
years):

I hsCRP may help direct further evaluation, therapy In
primary prevention

A Patients with stable coronary disease, acute coronary
syndromes:

I hsCRP measurement may be useful as independent
marker of prognosis for recurrent events

Pearson TA etal. Circulation 2003:107:499 -511.



AHA/CDC Panel: Recommendations feCh$?
Laboratory Testing

A Measurements of hsCRP:
I Should be performed twice (2 weeks apart)
I Results averaged, expressed as mg/L
I Fasting or nonfasting, in metabolically stable patients
|

" If level >10 mg/L, test should be repeated, patient
examined for sources of infection or inflammation

A Relative risk categories for RERP levels:
I Low <1 mg/L
I Average 43 mg/L
I High >3 mg/L

Pearson TA etal. Circulation 2003:;107:499

-9511.



Impact of JUPITER

A Observed placebo arm event rate ~13.6% per
10*year

A Likely predicated by selection for CRP > 2
I [1/2 cohort Framingham risk < 10%]

A JUPITER subjects LDL < 130 mgfutit
addressed by guidelines

A Clinical practice impact: In a man > age 50
years or woman > age 60 years with LDL < 13
andlowA VU SNYSRAI UGS N A&



Conclusions

A High CRP predicts CVD risk
A CRP is likely both a marker and mediator

A The incremental information for risk
prediction is limited

A Baseline CRP predicts benefit of statin therap

A Achieved CRP predicts benefit of statin
therapy

A In low-intermeidate risk adults (men 50,
women>60), discuss with patient checking
CRP



When to check CRP? Scenarios

A Stable CAD, low LDL, check CRP to see if stat
needs to be intensified further

I Makes sense (CARE,

A PostACS, see if higlhose statin was sufficient
I Makes sense (PROVE,

A Diabetic on a statin with LDL < 100

A Healthy (older) adult, lovintermeidate risk FRS
I Makes sense, JUPITER says do it



Greactive Protein: Helpful or
Not??
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Thank youl.



Why do statins lower CRP?



The JUPITER trial: Does treating patients with stati
therapy because of elevated CRP alone prevent CV



Rosuvastatin to prevent vascular events in men
and women with elevated €eactive protein.

Table 3. Outcomes According to Study Group.
Rosuvastatin Placebo Hazard Ratio
End Point (N =8901) (N =8901) (95% ClI) P Value

No. of Rate per No. of Rate per
Patients 100 person-yr Patients 100 person-yr

Primary end point 142 0.77 251 1.36 0.56 (0.46-0.69)
Nonfatal myocardial infarction 22 0.12 y 0.33 0.35 (0.22-0.58)
Any myocardial infarction 31 0.17 0.37 0.46 (0.30-0.70)
Nonfatal stroke 30 0.16 0.31 0.52 (0.33-0.80)
Any stroke 33 0.13 4 0.34 0.52 (0.34-0.79)
Arterial revascularization 71 0.38 0.71 0.54 (0.41-0.72)
Hospitalization for unstable angina 16 0.09 0.14 0.59 (0.32-1.10)

Arterial revascularization or hospitalization 76 0.41 0.77 0.53 (0.40-0.70)
for unstable angina

Myocardial infarction, stroke, or confirmed 83 0.85 0.53 (0.40-0.69)
death from cardiovascular causes

Death from any cause
Death on known date 0.81 (0.67-0.98)
Any death 0.80 (0.67-0.97)




Rosuvastatin to prevent vascular events in men
and women with elevated €eactive protein.

Placebo (N=7832) Rosuvastatin

LDL =1-8 mmol/l LDL <1-8 mmol/l hsCRP 22 mg/l hsCRP <2 mg/| hsCRP <2 mg/L+LDI hsCRP <1 mg/L+LDI

(N=2110) (N=5606) (N=4305) (N=3411) <1.8 mmol/L (N«2685) <1:8 mmol/L (N=G44)

Age (years) 66-0 (60-0-71-0) 65-0 (60-0-71-0) 66-0(61-0-71 66-0 (61:0-71-0) 660 (60-0-71-0) 66-0 (60-0-71-0) 65-0 (60-0-71.0)

Women 2957 (37-8%) 83 ) 8% 2108 (37-6%) 1; 41:8%) 1149 (33-7%) 916 (34-1%)

Body-mass index (kg/m’) 54 (25:3-32.0 27-8 (24 31-5) 28.5(25.5-32-1) 29.0 (25:7-33.0) 27-7(24-9-30.9) 27.8 (252-31.1)

Blood pre re (mm Hg)
Systolic 135 (124-146) 35 (125-146) 134 (123-145) 134 (124-146)
Diastolic
Current smoking 231 (15-7% 78 (17-9%) 814 (14.5% (17-2% (13-3% 329 (12:3%)
Family history of coronary 237 (11.3% 657 (11.7%) 473 (11-0% 421 (12-4%) 342 (12.8%)
ds5e
Metabolic syndrome* 1036 (38-8%)
hsCRP (mg/L) 4-3(2.8-7 4.2(2.8-71) 2.8-6-8) 4(3-6-8.6) 3-2(2:4-47 32 (2:4-4.6)
LDL cholesterol (mmol/L) 2-8(2-4-31) 2-9(2:6-3-1)
HDL cholesterol (mmol/L) 3 (1-0-1-6) 3(1 5) 13 3(1.0-1.5) 3(1-1-1.6)
Triglycerides (mmeol/L) 3 34 (0-96-1-91) 136 (0:99-1.92) 1-30(0-93-1-88)
Non-HDL cholesterol 3-5(31 ) 3-5(3-2 3) 3-4(3-0-3-8) 3-5(3-1-3-8) 3-4(3-1-3-8)

(mmol/L)

Apolipoprotein B (g/L) 1-09 (0-96-1-22) 3(1 1 1:07 (0-94-1.20) 1.09 {0-95-1.22) 1-09(0-95-1.22)

0-7

(0-6-0-8) )7 {0-€ ) 0-7 (0-6-0-8)

Glucose (mmol/L) 5-22 (4-88-5-66) 5:16 (4:77-5:55) 5.22 {(4-88-5-66) 5.22 (4-83-5:66) 5-22(4-88-5-66) 522 (4-88-5.66)

<

HbA, (%) 57% (5:5-5:9) 57% (5:5-5:9) 57% (54-5-9)

5-7% (5-4-5-9) 5.7% (5:4-5-9)




Rosuvastatin to prevent vascular events in men
and women with elevated €eactive protein.



