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Prognostic markers
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Biomarkers applications Drug Development Disease management

Stratification markers

Efficacy biomarkers

Differentiation markers

Toxicity biomarkers

Screening markers

Select patient to increase likelihood 
of clinical trial success

Select the best treatment/drug for 
each patient

Biomarkers as « early killers » or 
as approved surrogate markers

Improve patient compliance in the 
absence of early clinical 

improvement

Differentiate efficacy or safety of a 
drug within the same classv

Select the best treatment druf for 
each patient

Biomarkers as « early killers »  
or used to exclude certain patient 

groups from clinical trials

Monitor and avoid potential 
toxic effects

Patient recruitment for 
clinical trials

Early disease detection, early 
treatment

Patient recruitment for 
clinical trials

Predict likely course of disease
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IMPACT
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IMPACT

Clinical validity and utility

Practice change based on EBM

Analytical validity

Ethical, legal and social implications

Cost-effectiveness

Optimization
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ü Patients with symptoms suggestive of acute 
myocardial infarction account for approximately 10% 
of all emergency department consultations.

ü Electrocardiography (ECG) and cardiac troponin 
(cTn) assay form the diagnostic cornerstones and 
complement clinical assessment.

ü Triage
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Clinical Utility



“Time is Myocardium”

Clinical Utility





Universal New Definition of Myocardial Infarction

• Detection of a rise and/or fall of cardiac biomarkers 
(preferably troponin) with at least one value above the 
99th percentile of the upper reference limit together 
with evidence of myocardial ischemia with at least and 
one of the following
– Ischemic symptoms
– ECG changes 
– Imaging evidence of new loss of viable myocardium or new regional wall 

motion abnormality

Joint ESC/ACC/AHA Task Force, Circulation 2007
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ESC guidelines for the management of ACS in patients presenting without persistent ST-segment elevation, Eur Heart J 2012
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Interpretation of Troponin elevations

ACCF 2012 Expert Consensus Document on Practical Clinical 
Considerations in the Interpretation of Troponin Elevations, JACC 
November 2012
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Importance of having serial measurement with Troponin
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The scene …

Individuals 
presenting with 

chest pain

Early and 
accurate 

detection of 
AMI

Treatment:

Medical 
management, lipid 

management, 
reperfusion/revascula
rization, lifestyle/diet 

changes

Intermediate
outcomes:

Troponin, 
cholesterol, CRP, 

BNP, anginal
symptoms, 

exercise tolerance, 
perfusion imaging

Patient health/
outcomes:

Mortality
Morbidity
Quality of life

Harms of testing:

Possible trauma during blood collection
False ànegative: no treatment given 
when needed
False positive àunnecessary treatment

Adverse effects of treatment:

-Risks of surgical 
revascularization
-Side effects of medicines

Diagnostic 
test



N CAutoantibodies

Assay

AQT90 FLEX 41-49 137-149 190-196

Access 24-40 41-49
Architect 24-40 41-49 87-91
AxSYM 2nd generation 24-40 41-49 87-91
i-STAT 27-39 41-49 69-86  88-91
Immulite 24-40
Liaison 27-39
Ortho Clinical ECi 24-40 41-49 87-91
Pathfast 41-49 71    - 116 163     - 209
Stratus 41-56
TnI Ultra 27-40 41-49 87-91
Tosoh AIA 41-49 87-91

Capture Ab

Tracer Ab

27-32

Epitopes

80  - 110
80  - 110
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Troponin assays: a lack of standardization…

Analytical Utility
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2007
• ESC-ACCF-AHA-WHF and IFCC Task Force recommends use of a high sensitivity troponin assay 

• Requirements were detection of hs-Tn at the 99th percentile of an apparently healthy reference 
population with <10% variability
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Troponin assays: a new generation
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Troponin assays:
a new generation
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Troponin assays: a new generation
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Troponin assays: a new generation
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Hs-Tn: Clinical Validity



Evolution of the cardiac troponin (cTn) assays and their diagnostic cutoffs. 

Mahajan V S , and Jarolim P Circulation 2011;124:2350-
2354
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Reichlin et al. NEJM (2009) 361: 858

8h post-pain onset
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Samples obtained in the emergency department from 718 consecutive patients who presented with 
symptoms suggestive of acute myocardial infarction

The diagnostic performance of sensitive cardiac troponin assays is excellent, and these assays can substantially 
improve the early diagnosis of acute myocardial infarction, particularly in patients with a recent onset of chest pain



Diagnosis of acute MI (AMI) after pain onset 
hs-Tn vs standard assay

Keller et al NEJM (2009) 361: 868-877
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In a prospective, international multicenter study, high-sensitivity cardiac troponin (hs-cTn) was measured 
with 3 novel assays (hs-cTnT, Roche Diagnostics Corp, Indianapolis, Ind; hs-cTnI, Beckman Coulter Inc, 
Brea, Calif; hs-cTnI, Siemens, Munich, Germany) in a blinded fashion at presentation and after 1 and 2 

hours in a blinded fashion in 830 unselected patients with suspected acute myocardial infarction.

Irfan et al., 2013



Ethical, legal and social implications?
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ØReevaluate potential sources of variation that 
have not been meaningful with present 
commercial assay (low-level nonspecific to other 
serum or plasma constituent…)

Ø Facing to an increase of patients diagnosed 
with MI.

Ø Societal implications for insurance and 
employment

ØAssess the impact on the therapeutical 
implications

Ø Evaluate the need of hospitalization for those 
patients with a low clinical probability of ACS 
and positive hs Troponin



•Transends across entire healthcare value chain:
ØScreening
ØEarly diagnosis
ØIdentification
ØDosing and Monitoring of treatment
ØSurveillance 

•Specific features: conception, development, introduction 
into medical practice, use over time

•Different type and level of evidence needed / available 
for regulatory approval and reimbursement decisions

Cost Saving Potential
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Cost effectiveness …

Laffont, Brussels, June 2012
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Is it Cost-Effective?

Sensitivity and specificity (95% predictive interval) were:

77% (29-96%) and 93% (46-100%) for troponin I
80% (33-97%) and 91% (53-99%) for troponin T (99th percentile threshold),
81% (50-95%) and 80% (26-98%) for H-FABP
62% (35-83%) and 83% (35-98%) for myoglobin. 

Systematic review, meta-analysis and economic modelling of diagnostic 
strategies for suspected acute coronary syndrome

Goodacre et al., 2012

In most scenarios in the economic analysis presentation, high-sensitivity 
troponin measurement was the most effective strategy with an incremental 

cost-effectiveness ratio (ICER) of less than the £20,000-30,000/QALY 
threshold (ICER £7487-17,191/QALY). 
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Patients attending hospital with suspected myocardial infarction but a normal or 
non-diagnostic ECG and no major comorbidities requiring admission

Cost-effectiveness of presentation versus delayed troponin testing for acute 
myocardial infarction

Thokala et al., 2012

üIn all scenarios tested, presentation high-sensitivity troponin testing was 
the most effective strategy with an incremental cost-effectiveness ratio 
below the £20 000/QALY threshold. 

üSensitivity analysis showed that including high-sensitivity troponin 
testing at presentation and 3 h in the analysis makes this the most cost-
effective strategy

Delayed troponin testing is unlikely to be cost-effective compared with high-
sensitivity troponin testing at presentation in most scenarios

Is it Cost-Effective?



Multi-tasks?
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2092 consecutive patients admitted with suspected acute coronary syndrome were stratified with 
a sensitive troponin I assay into three groups (<0.012, 0.012-0.049, and ≥0.050 μg/L) based on the 

99th centile for troponin concentration (0.012 μg/L; coefficient of variation
20.8%) and the diagnostic threshold (0.050 μg/L; 7.2%).

Mills et al., BMJ 2012
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Pre-hospital implementation of quantitative tests, with lower detection 
limits, could identify most patients with AMI irrespective of ECG changes.

Pre- ? Post- ? Both? 
Sorensen et al., 2011
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Thanks for your attention !


