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The Ideal Biomarker 

2007 2011 

Sensitive and specific Either highly sensitive(diagnostic) or  
Highly specific(treatment effect) 

Reflects disease severity Reflects abnormal 
physiology/biochemistry 

Correlates with prognosis Prognosis is most meaningful if level i
s clinically actionable 

Should aid in clinical decision making Should be used as a basis for specific 
“biomarker guided-therapy” 

Level should decrease following effecti
ve therapy 

“Bio-monitoring” during treatment is  
an effective surrogate of improvement 

Maisel,  JACC 2011 
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Biomarkers 

1. BNP 

2. Arterial stiffness 

3. LDL/ HDL  

4. hs-CRP 

5. Lp-PLA 

6. Vascular calcification 
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BNP in Heart Failure 

Mills RM. JACC 2008;51:2336 



Therapies with Effects on 

B-Type Natriuretic Peptide Levels 

Therapy 
 

Diuresis 
 

ACE-I 
 

ARB 
 

-blockers 
 

Aldosterone antagonists 

BiV pacing 

Exercise 

Rate control of AF 

BNP infusions 

Effect on BNP/NT-proBNP 
 

 
 

 
 

 
 

Some transiently , most  
 

 
 

 
 

 
 

 
 

 N-BNP, BNP then  



Cardiovascular Center, Chungnam National University Hospital 7 

Guided therapy combined analyses 

Felker et al, Am Heart Journal, 2009 

Meta analysis of 

publication data 

Pooled patient data from all 

available trials 

Troughton et al, ESC 2011 



STARS 

BNP guided HF therapy: STARS 
BNP 

T (days) 
 

 
 
 

Jourdain, et al, JACC, 2007 
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Outcomes as a function of 

response to guided therapy 
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High/High 

Group 

Low/High 

High/Low 

Low/Low 

Mean CV 
events 

1.57* 

0.71 

0.46 

0.50 

* p = 0.003 versus Low/Low group, p = 
0.002 versus High/Low group 
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• Baseline measurement for diagnosis 

• Most HF medication decrease BNP 

(ACEi/ARB, BB, MRA, Diuretics) 
 
 

• Pre-discharge measurement to assess 

treatment response: 
 

– If rise >30%: discharge delayed, Rx 

– If change <30%: possible discharge delay 

– If fall >30%: discharge authorized 

Summary of natriuretic peptide testing in ADHF 
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Biomarkers 

1. BNP 

2. Arterial stiffness 

3. LDL/ HDL  

4. hs-CRP 

5. Lp-PLA 

6. Vascular calcification 
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Pulse Wave Velocity 

• LV contraction → blood ejection into Asc aorta 
→ generate pulse wave 

 

 

 

• Pulse wave velocity  
– Propagation velocity of pulse wave 

– Index of arterial distensibility and stiffness 

– Higher velocity: higher arterial rigidity, lower 
distensibility 
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Raised PWV 

– Established CV risk factors 
Age, hypercholesterolemia, type II diabetes, sedentary 

lifestyle 

 

– Independent predictor of CV and all cause mortality 
in hypertensives 
5m/s  1.34 all cause mortality, 1.51 CV mortality 

Aortic PWV >13m/s, strong predictor of CV mortality 

 

– Stroke (relative risk = 1.39 for each 4 m/sec 
increase) independently of classical CV risk factors  
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AIx 

PWV 

Meta-analysis of RCTs :  ACEi vs Placebo 

Shahin et al. Atheroscle

rosis 221 (2012) 18–33 



ARB improves baPWV independent of BP in type 2 
diabetic patients with hypertension. 

p = n.s. 
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Fig.2 Change in Brachial SBP 

(a) and Brachial DBP (b) 

Fig.1 Change in baPWV 

Ishii H et al., Intern Med. 2008;47(23):2013-8.  
Angiotensin II type-I receptor blocker, candesartan, improves brachial-ankle pulse wave velocity independent 
of its blood pressure lowering effects in type 2 diabetes patients. 

Candesartan significantly improves baPWV independent of BP. 

Study Data: 
22 Type 2 diabetic patients with hypertension received  
either ARB (candesartan, n = 11) or a calcium channel  
blocker (amlodipine or nifedipine, n = 11) for 12 weeks. 



Effect of high-dose ARB and ARB plus low-dose diuretic 
on baPWV 

Takami T  et al., Hypertens Res. 2009 Oct;32(10):884-8. Epub 2009 Sep 4. 
Evaluation of arterial stiffness in morning hypertension under high-dose valsartan compared to valsartan plus low-dose diuretic. 

High-dose ARB: valsartan improves baPWV. 

●Valsartan+diuretic 
○High-dose valsartan 

*p<0.05 vs.baseline 

Subjects and methods: 
Subjects: 43 patients with morning hypertension despite treatment with 80mg valsartan were randomly 
assigned to receive 160 mg valsartan (n = 22) or 80mg valsartan puls low-dose trichlormethiazide 
 (1mg) (n = 21) for 6 months. Japanese. 
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Fluvastatin prevents development of arterial stiffness in  
hemo-dialysis patients with type 2 diabetes mellitus. 

 Ichihara A et.al., Nephrol Dial Transplant (2002) 17:1513-1517 
Fluvastatin prevents development of arterial stiffness in heamodialysis patients with type 2 diabetes mellitus. 

            ：p<0.05 vs 0 month 

 

            ：p<0.05 vs placebo 

 

            ：p<0.05 vs 3 month

s 

Fluvastatin significantly reduces baPWV and decreases serum concentrations of CRP. 

Study Data: 
Subjects: 22 hemodialysis patients with type 2 diabetes  
received fluvastatin (20mg/day) or a placebo for 6 month. 

baPWV CRP 

   :Fluvastatin 

   :Placebo 
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Effects of Pharmacologic Intervention 

• All antihypertensive drugs reduce arterial 

stiffness (passive decrease of PWV) 

• The ability of RAS blockers to reduce 

arterial stiffness as assessed by PWV 

seems to be independent to be of their 

ability to reduce BP 

• ACEi and ARBs reduce PWV in the recent 

meta- analysis 

• Statins decrease arterial stiffness 
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Biomarkers 

1. BNP 

2. Arterial stiffness 

3. LDL/ HDL  

4. hs-CRP 

5. Lp-PLA 

6. Vascular calcification 
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CASTELLI WP.  Am J Cardiol 1998; 82:60-65 



LDL-C  mg/dL Number (%) 

<100 1,003 13 

100–130 2,234 28 

131–160 2,711 33 

>160 2,139 26 

HDL-C  mg/dL Number (%) 

<35 3,286 38 

35-40 2,166 25 

>40 3,126 36 

Am J Cardiol 1995;75:1196–1201 

Veterans Affairs HDL Intervention Trial  
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Barter PJ et al. Arterioscler Thromb Vasc Biol. 2003;23:160-167. 
Contacos C et al. Atherosclerosis. 1998;141:87-98. 
Guerin M et al. Arterioscler Thromb Vasc Biol. 2008;28:  148-154. 
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Kastelein JJP et al. NEJM. 2007;356(16):1620-1630 
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Nissen SE et al. NEJM. 2007;356(8):1304-1316 
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Biomarkers 

1. BNP 

2. Arterial stiffness 

3. LDL/ HDL  

4. hs-CRP 

5. Lp-PLA 

6. Vascular calcification 



Cardiovascular Center, Chungnam National University Hospital 33 

CRP and Coronary Disease 

Ridker P. Circulation 2001; 103 (13): 1813-8.  



Lipids 
CRP 

Tolerability 

Lipids 
CRP 

Tolerability 
HbA1C 

Placebo  

run-in 

  1 
–6 

  2 
–4 

3 
0 

4 
13 Final   6-monthly 

Visit: 
Week: 

Randomisation 
  

Lipids 
CRP 

Tolerability 

Rosuvastatin 20 mg (n=8901) 

Placebo (n=8901) 

Lead-in/ 
eligibility 

No history of CAD  

men ≥50 yrs 

women ≥60 yrs 

LDL-C <130 mg/dL 

CRP ≥2.0 mg/L 

CAD=coronary artery disease; LDL-C=low-density lipoprotein cholesterol; CRP=C-reactive protein; HbA1c=glycated haemoglobin 
 

Median follow-up 1.9 years  

Ridker P et al. N Eng J Med 2008;359: 2195-2207 

JUPITER; 
 Justification for the Use of statins in 

Primary prevention: an Intervention Trial 
Evaluating Rosuvastatin 

  



JUPITER  
 

Effects on LDL-C, HDL-C, TG and hsCRP at 12 months; 
Percentage change between rosuvastatin and placebo  
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50% 

4% 

17% 

37% 

p<0.001 

p<0.001* 

p<0.001 

p<0.001 

*P-value at study completion (48 months) = 0.34 
Ridker P et al. N Eng J Med 2008;359: 2195-2207 



Placebo 

Rosuvastatin 20 mg 

JUPITER - Primary Endpoint 
 

 (Time to first occurrence of a CV death, non-fatal stroke,  
non-fatal MI, unstable angina or arterial revascularization) 

Hazard Ratio 0.56  
(95% CI 0.46-0.69) 
P<0.00001 

Ridker P et al. N Eng J Med 2008;359: 2195-2207 

NNT for 2y  = 95 

              5y* = 25 

*Extrapolated figure based on Altman and Andersen method 
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Follow-up (years) Number at Risk 

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 

크레스토는 고지혈증 치료, 죽상동맥경화증 진행 지연 및 특정 환자군에서 심혈관 질환(뇌졸중, 심근경색, 동맥혈관재형성술)에 대한 위험 감소에 대하여 허가되어 있습니다.  
한국아스트라제네카는  미승인 적응증에 대한 사용을 권장하지 않습니다. 자세한 내용은 크레스토 제품설명서를 참고하시기 바랍니다. 



Placebo 

Rosuvastatin 20mg 

JUPITER ; Total Mortality  
(Death from any cause ; Secondary outcome ) 

 

Hazard Ratio 0.80  
(95% CI 0.67-0.97) 
p=0.02 

Ridker P et al. N Eng J Med 2008;359: 2195-2207 
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Number at Risk Follow-up (years) 

Rosuvastatin 

Placebo 

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 

크레스토는 고지혈증 치료, 죽상동맥경화증 진행 지연 및 특정 환자군에서 심혈관 질환(뇌졸중, 심근경색, 동맥혈관재형성술)에 대한 위험 감소에 대하여 허가되어 있습니다.  
한국아스트라제네카는  미승인 적응증에 대한 사용을 권장하지 않습니다. 자세한 내용은 크레스토 제품설명서를 참고하시기 바랍니다. 



JUPITER – summary and perspectives 

 The JUPITER study included patients with low to normal LDL-C 
who were at increased CV risk as identified by elevated CRP 
levels and who did not require statin treatment based on 
current treatment guidelines 

 A 44% reduction in the primary endpoint of major 
cardiovascular events (composite of: CV death, MI, stroke, 
unstable angina, arterial revascularisation) was observed in 
patients who received rosuvastatin 20 mg compared with 
placebo (p< 0.00001) 
 

 A 20% reduction in total mortality was observed in patients who 
received rosuvastatin 20 mg compared with placebo (p=0.02), 
a unique finding for statins in a population without established 
CHD 

 

Ridker P et al. N Eng J Med 2008;359: 2195-2207 



Serum inflammatory biomarkers and plaque 

inflammation assessed by [18F] - 

fluorodeoxyglucose positron emission 

tomography in the dal-PLAQUE study: a post- 

hoc analysis by baseline features 

Raphael Duivenvoorden1, Venkatesh Mani2, Mark Woodward3, David Kallend4, 

Gabriela Suchankova4, Valentin Fuster5, James H.F. Rudd6, Ahmed Tawakol7, 

Michael E. Farkouh2,8, Zahi A. Fayad2 

 
1Translational and Molecular Imaging Institute, Mount Sinai School of Medicine, New York, United 

States of America; 2Mount Sinai School of Medicine, New York, United States of America; 3George 

Institute, University of Sydney, Sydney, Australia; 4F. Hoffmann-La Roche Ltd, Basel, Switzerland; 
5Cardiovascular Institute, Mount Sinai School of Medicine, New York, United States of America; 
6Division of Cardiovascular Medicine, University of Cambridge, Cambridge, United Kingdom; 
7Massachusetts General Hospital and Harvard Medical School, Boston, United States of America; 
8Peter Munk Cardiac Centre and Li Ka Shing Knowledge Institute, Toronto, Canada 
 

European Society of Cardiology Congress, Munich, Germany, 25-29 Aug 2012 



Example of High Versus Low Vascular Inflammation 

Aorta 

COR 

COR 
 
 

AX 

Aorta 



Results – Difference in MDSmax  for Highest Versus 

Lowest Biomarker Tertile 

MDS, most diseased segment; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; Lp-PLA2, lipoprotein phospholipase A2; MMP-3, matrix 

metalloproteinase-3; MMP-9 matrix metalloproteinase-9; MPO, myeloperoxidase; sE-Selectin, soluble E-Selectin; sVCAM-1, soluble vascular cell 

adhesion molecule; sICAM-1, soluble intracellular adhesion molecule 

Biomarker Difference highest 

versus lowest tertile 

P-value 

hsCRP 0.04 0.82 

IL-6 -0.10 0.52 

Lp-PLA2 mass 0.34 0.03* 

MMP-3 -0.10 0.53 

MMP-9 0.20 0.20 

MPO 0.17 0.28 

sE-Selectin -0.04 0.80 

sVCAM-1 0.03 0.84 

sICAM-1 -0.09 0.57 
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Biomarkers 

1. BNP 

2. LDL/ HDL  

3. Arterial stiffness 

4. hs-CRP 

5. Lp-PLA 

6. Vascular calcification 
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Lipoprotein- associated Phospholipase A2     
(Lp-PLA2) activity:  Background 

Lumen 

Intima 

native LDL  

carrier of Lp-PLA2 

Oxidized LDL  

substrate for Lp-PLA2 

Sustained  

Inflammation  

Necrotic Core 

Expansion 

Leukocyte 

Atheroma 

Lp-PLA2 

Lp-PLA2 

Macphee, Biochem J 1999; Zalewski and Macphee, ATVB 2005; Shi Atherosclerosis 2007; Kolodgie, ATVB 2006 



Contrasting histopathological characteristics of a 

stable versus a vulnerable or ruptured plaque 

                   Stable Plaque 

 Low Lp-PLA2 content (dark staining) 

 May have significant stenosis 

 Thick fibrous cap / high collagen 

content 

 Modest lipid pool 

 Few inflammatory cells 

          Vulnerable or ruptured Plaque 

 High Lp-PLA2 content (dark staining) 

 May have minimal stenosis 

 Thin fibrous cap / low collagen 

    content 

 Large lipid pool 

 Many inflammatory cells 

Modest Lipid Pool Large Lipid Pool 

Lp-PLA2 Lp-PLA2 

Thin Fibrous Cap Thick Fibrous Cap 

Lumen Lumen 

Corson et al. Am J Card 2008;101(Suppl):41F-50F 
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Lp-PLA2 and CHD risk: The Lp-PLA2 Studies 

Collaboration; compared with conventional risk 

factors 

79,036 participants from 32 prospective studies 

 

Adjusted for non-lipid and lipid conventional risk factors 

LSC Lancet 2010; 375:1536 

Systolic blood pressure 

Smoking status * 

Non - HDL cholesterol 

HDL cholesterol † 

1.11 (1.05 - 1.16) 

1.10 (1.00 - 1.21) 

1.34 (1.19 - 1.51) 

1.10 (1.02 - 1.18) 

1.15 (1.06 - 1.24) 

RR (95% CI) 
per 1 - SD higher 

1 .9 1 1.1 1.2 1.3 1.4 1.5 1.6 

Lp-PLA2 activity 
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Rationale for targeting Lp-PLA2   

Intima 

Sustained  

Inflammation  

Necrotic Core 

Expansion 

Leukocyte 

Darapladib 

(Lp-PLA2 inhibitor) 

Atheroma 

Lp-PLA2 

Lp-PLA2 

Lumen 

native LDL  

carrier of 

Lp-PLA2 

Oxidized LDL  

substrate for Lp-PLA2 

Macphee, Biochem J 1999; Zalewski and Macphee. ATVB. 2005; 

Shi Atherosclerosis 2007; Kolodgie, ATVB 2006 
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STABILITY Trial  
Stabilization of Atherosclerotic plaque By Initiation of darapLadIb TherapY 

15,828 patients randomized 

      Patients with chronic CHD  
(prior MI >1 mth, prior coronary revascularization, multivessel CAD) 

Darapladib 160mg Placebo 

median follow-up 3.7 years , 1588 events 

Primary endpoint: composite of CV death, MI, stroke 
Secondary endpoints: major coronary events, total coronary events 

Enrichment criteria: ≥60 years of age, diabetes mellitus, low HDL,  

current smoking, significant renal dysfunction, polyvascular disease  

 

    Optimized guideline-mandated treatment 
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Primary Endpoint:  

 Time to First Occurrence CV Death, MI, Stroke 

HR (95% CI)= 0.94 (0.85, 1.03) 

P-value = 0.20 
Placebo events = 819 

Darapladib 160mg events = 769 
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Time to First Occurrence Major Coronary Events 
(CHD Death, MI, Urgent Coronary Revascularization) 

HR (95% CI)= 0.90 (0.82, 1.00) 

P-value = 0.045 
Placebo events = 814 

Darapladib 160mg events = 737 
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Time to First Occurrence Total Coronary Events 
(CHD Death, MI, Any Coronary Revascularization,  

Hospitalization for Unstable Angina)  

HR (95% CI)= 0.91 (0.84, 0.98) 

P-value = 0.02 
Placebo events = 1269 

Darapladib events = 1159 
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Summary of STABILITY 

 Did not significantly reduce the incidence of the primary 

composite endpoint of CV death, MI or stroke 

 There was on effect on stroke or total mortality 

 Reduced the prespecified coronary-specific secondary 

endpoints of major coronary events (1% absolute) and total 

coronary events (1.5% absolute) with nominal significance 

(p<0.05) 

 Further analyses of the trial results in subgroups based on 

biomarkers, including Lp-PLA2 levels, and genetics will 

explore if darapladib might be useful in specific patient 

subsets 

 

 SOLID trial (ACS); coming soon 
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Biomarkers 

1. BNP 

2. LDL/ HDL  

3. hs-CRP 

4. Arterial stiffness 

5. Lp-PLA 

6. Vascular calcification 



3.41 (2.71 – 4.30) 
Rennenberg et al. Vascular health and risk management 2009 

Vascular calcification as a marker of increased 

cardiovascular risk: a meta-analysis 

Alexopoulos et al. Nature Reviews Cardiology 2009 

Coronary artery calcium is a better predictor of cardiovascular events than 

the Framingham risk score and can help to reclassify asymptomatic 

individuals into high‐risk or low‐risk categories 



Lu Lu 

Lu Lu 

Warfarin induced artery calcification is promoted by increases in serum 
calcium or phosphate. Strong upregulation of MGP at sites of calcification, 
though in the inactive uncarboxylated form 

Warfarin causes rapid calcification of the elastic 
lamellae in rat arteries 

Price et al. ATVB 1998 



Warfarin induced calcifications 

Schurgers et al. Blood, Nov 2004 
 

 
 

 

no OAC   OAC 

Before coumarin Tx 9 months after start of coumarin Tx 
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Gender(M/F);  

Age(20~79);  

Race(White/African American/Other;  

Total cholesterol(mg/dl, 130-320);  

HDL cholesterol(mg/dl, 20-100);  

Systolic BP(90~200);  

Treatment for HT(Y/N);  

Diabetes(Y/N);  

Smoker(Y/N);  

10-year ASCVD risk 
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Conclusions 

구관이 명관이다…. 
 

 The use of some biomarker(esp. natriuretic peptides) 
to objectively guide HF therapy is a promising 
approach 

 Direct modification of biomarker still need 
development and proof through more large RCT 

 




