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Biomarkers

Quantitative imaging biomarkers 

 

1NIH Biomarkers Definitions Working Group, Clin Pharmacol Therap 69(3):89-95, 2001 
2Sullivan et al., Radiology 277(3):813-825, 2015 (www.rsna.org/qiba) 
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Source: Daniel C. Sullivan, MD 
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Buckler, et al., A Collaborative Enterprise for Multi-Stakeholder Participation in the Advancement of 
Quantitative Imaging, Radiology 258:906-914, 2011 



In addition: 
• Evidence-based medicine and QA programs depend on 

objective data 

• Decision-support tools need quantitative inputs 

• Radiomics and radiogenomics studies require quantitative 
data 

P. Lambin et al.  Eur J Cancer 48:441-446 2012  
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Source: Paul Kinahan, PhD 
University of Washington 
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“Among individuals at intermediate cardiovascular risk, state-of the-art CT scanners made by 
different vendors produced substantially different Agatston scores, which can result in 
reclassification of patients to the high- or low-risk categories in up to 6.5% of cases.” 

“Currently available noncalcified plaque quantification software provides …poor interplatform 
reproducibility. Serial or comparative assessments require evaluation using the same software. 
Industry standards should be developed to enable reproducible assessments across manufacturers.” 

 

Source: Daniel C. Sullivan, MD 



*Kessler, Barnhart, et al., Stat Meth Med Res 24:9-26, 2015;  Sullivan, Obuchowski, et al. Radiology 277:813-825, 2016 
available at www.rsna.org/qiba 



Number of patients: 
 10%   12 
 20%   35 
 30%   78 
 40% 133 

• Levels of bias and variance remaining after mitigation are 
characterized => confidence intervals. 

• Knowing these levels translates to statistically valid study designs 
with adequate power and the fewest number of patients. 







Buckler, et al., A Collaborative Enterprise for Multi-Stakeholder Participation in the Advancement of Quantitative Imaging, 
Radiology 258:906-914, 2011 
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- Transformational: addresses gaps, impacts public health 
- Translational: concept proved, ready to advance 
- Feasible: good change to succeed in near term 
- Practical: leverages existing resources and technology 
- Collaborative: engages HW/SW/agent stakeholders  

- Identify significant sources of bias and variance 
- Estimate achievable accuracy and precision 
- Validate underlying assumptions and mechanisms 
- Determine details to specify in the Profile 

- Define claim (cross-sectional and/or longitudinal) and clinical context 
- Specify details necessary for robust implementation 
- Make details clear, implementable, and testable 
- Define conformance criteria for each “actor” in imaging chain 

- Test conformance with QIBA Profile specifications 
- Publish validated products and sites 





v2.2, April 2015 



CROSS-SECTIONAL CLAIM Example:

LONGITUDINAL CLAIM Example:  



v2.2, April 2015 



v2.2, April 2015 



v2.2, April 2015 



http://qibawiki.rsna.org/index.php/QIBA_Profile_Stages 



• Over 850 individuals have joined the QIBA effort, representing all 
major stakeholders in the quantitative imaging initiative: 

• Radiologists 
• Imaging scientists 
• Pharmaceutical companies 
• Imaging device companies 
• Imaging informatics and other software companies 
• Government agencies 
• Professional societies 
• Clinical trialists and clinicians 
• Statisticians and metrologists  

• 297 individuals from over 100 companies, 20 from the FDA, 46 from 
government (excluding FDA) 

• Vast majority of stakeholder efforts are voluntary 
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• Publicly Reviewed and Posted*:  
• CT Tumor Volume Change (v2.2) for tumor response 
• FDG-PET/CT SUV as an Imaging Biomarker for Measuring Response to Cancer Therapy (v1.05) 

• DCE-MRI Quantification (v1.0) for tumor response 
• FDG-PET/CT Protocol (with summary published in JNM in April 2015) 

• In Final Stage of Development for Public Comment Phase:  
• CT Small Nodule Volumetry for lung cancer CT screening 
• CT Lung Densitometry for COPD 
• PET Amyloid for Alzheimer’s Disease 
• DW-MRI for tumor response  
• fMRI for pre-surgical planning 
• Ultrasound Shear Wave Speed for liver fibrosis 

*www.rsna.org/qiba 



• In Development:  
• Revised CT Tumor Volume Change for liver lesions 
• Revised DCE-MRI to address 3T and parallel imaging 
• MR Diffusion Tensor Imaging (DTI) for traumatic brain injury 
• MR Elastography for liver fibrosis 
• Dynamic Susceptibility Contrast (DSC)-MRI for perfusion assessment in stroke 
• MR Proton Density Fat Fraction (PDFF) for liver disease 
• Ultrasound Volume Flow for perfusion studies 
• Contrast-Enhanced Ultrasound (CEUS) for perfusion studies 
• SPECT for brain diseases 



QIBA Metrology Working Group 

QIBA Deliverables Based on Groundwork Projects with NIBIB 
and RSNA Support 

 
Profiles* + 
Protocols 

Manuscripts Presentations Posters Physical 
Phantoms 

DROs Software 
Apps 

Datasets 

3 + 1 31 35 25 3 5 4 5 

As of May 20, 2016 
*Publicly reviewed stage 
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Conformance certification 

Field tests / Implementation of QIBA Profiles 

Image datasets 

Sustainability 
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