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• Cardiovascular disease is a worldwide epidemic

• The funding for research and development is limited 
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• Proposed therapies must be compared against 
standard therapies

• Hard endpoints take time to occur 

• Hard to get enough of the right types of patients 
timely

Clinical trials represent the most refined tool 

for drug/device development

$$ Regulations are more complex & Cost have become greater!!
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Surrogate markers
• A surrogate endpoint is expected to predict clinical 

benefit (or harm, or lack of benefit) based on 
epidemiologic, therapeutic, pathophysiologic or other 
scientific evidence (FDA). 

Assessing response to therapy

• Early identification of responders and non-responders
• Early Go vs no Go
• Decision point in adaptive design
• Building evidence for validation or qualification 

Cancer Informatics 2007:4 13–18
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Surrogate markers

Surrogate 
markers 

Therap. 
outcome

Biological 
process

Smaller sample sizes 

Shorter follow-up periods 

Financial cost

Effective therapies available 
to the public more quickly



CV Imaging as a Biomarker

Detection Characterization Monitoring

Time to progression 

Phenotyping /Patients selection 
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R azzouk, L. & Farkouh, M. E E. Nat. Rev. Cardiol. 6, 524–531 (2009)



Lessons learned

Results questioned by the use of single-frame rather than 
moving images and a 17% rejection rate of ultrasound data



Lessons learned

Efforts aimed at reducing variability arising from technical and 
interpretative factors may improve the predictive power of these 

echocardiographic parameters in a broad clinical setting.



Limitations of CV Imaging as a Biomarker

Data collection and sharing 

Standardization of imaging 
acquisition protocols

Standardized image measurement 
methods

Standardized Image Review and Assessment 

Metadata standardization

Quality review process



Challenges in 
standardization 

Manufactors

Systems

Between 
examinations

Day to Day
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J Am Soc Echocardiogr. 2009 Jul;22(7):755-65



J Am Soc Echocardiogr. 2009 Jul;22(7):755-65
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Nephrol Dial Transplant (2012) 28 (1): 19-23.
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Valvular heart disease
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• Given the limitations of the current literature, the nature and strength of the 

relationship between PVL and mortality are still to be determined. 

• Future studies should standardize the evaluation of PVL and ensure an 

appropriate classification of its severity.
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J Am Coll Cardiol Img 2017;10:15–25
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Intraclass correlation coefficients ranging from 0.92 to 0.99 and κ statistics from 0.58 to 0.85 for key 

variables. 

• A high standard of measurability and reproducibility can result from extensive 
quality assurance efforts in both image acquisition and analysis. 

• These results provide a reference for future studies of aortic stenosis patients 
and should encourage the wider use of echocardiography in clinical research.
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18F-fluoride and 18F-FDG predicted disease progression and
adverse clinical outcomes in aortic stenosis.

J Am Coll Cardiol. 2015 Sep 8;66(10):1200-1

https://www.ncbi.nlm.nih.gov/pubmed/?term=Valvular+18F-Fluoride+and+18F-Fluorodeoxyglucose+Uptake+Predict+Disease+Progression+and+Clinical+Outcome+in+Patients+With+Aortic+Stenosis
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A mean transmitral gradient <3 

mm Hg at baseline, an LAVI <50 

mL/m2 and reduction of MR to 

less than moderate were 

associated with favourable

outcome.



First name - last name 
Differences in RF by echo and by CMR Differences in MR severity by echo and CMR 

Ann Cardiothorac Surg 2015;4(4):341-351

Technical limitations exist for both techniques, and quantitation remains a challenge 
in some patients.
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We hope that in the 
future the
severity of MR will not be 
characterized 
categorically
as mild/moderate/severe 
but rather as a 
continuous
variable incorporating 
regurgitant
volume/fraction.

J Am Coll Cardiol. 2015 Mar 24;65(11):1089-91



Overcoming Limitations of CV Imaging as a Biomarker

Control groups; High quality and uniform image

Imaging experts involved in the design of the CT

Image data interpreted consistently by experienced 
reviewers

Uniform measurement methodology and variability 
avoidance from commercial equipment 

Metadata standardization

Expert quality review process; Applying statistical methods 
to reduce variability 
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Conclusion 

• There is an increasing role for the use of CV imaging 
outcomes as surrogates for clinical end points. 

• Functional and anatomical imaging modalities need to 
be optimized in the design of cardiovascular trials. 

• There is an increased emphasis on the relationship 
between the results of imaging studies and clinical 
outcomes.
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