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Outline
• Basic concepts:

• Quantitative Imaging (QI)
• Standardization

• Clinical implications
• Quantitative Imaging Biomarkers (QIB)
• Reproducibility

• Challenges and Impediments
• QIB Implementation
• Standardized Image Acquisition



Variability due to
radiologists’ subjective interpretations

is a huge problem.

 Well-documented for decades.
 True for all modalities and all 

clinical applications
 But, the shift to digital imaging 

technologies made it possible 
to extract information from 
images in a consistent way.

 Reproducibility became 
possible!



…no interpretive finding was reported unanimously by the 
radiologist at all centers and one-third of all reported findings
only appeared once across all 10 study examination reports …
indicates that there is significant prevalence of
interpretive errors.

[High false negative rate:  47% missed disc herniations;
High false positive rate]

“… a patient should expect to receive the same radiological 
diagnosis regardless of which imaging center he or she visits, 
or which radiologist reviews the examination.” 

“Based on their extensive clinical experience, the authors
believe that this assumption is not correct and that it can 
negatively impact patient care, outcomes, and costs.”



Thought Experiment:
Employ a suite of AI algorithms for spine, providing each 
radiologist with quantitative results for:

• Vertebral body volumes
• Intervertebral disc heights
• Spinal canal cross-sectional areas
• Gray matter cross-sectional areas
• Alignment vectors
• Bone density values
• Facet joint alignment
• Foraminal sizes
• Etc.

Need VERY LARGE training datasets of 
standardized, population-relevant , high-

quality scans.



Clinical Imaging …

 … provides spatially- and/or temporally-localized 
information about some property of matter with 
which the energy has interacted.



What is an Image?
• an n-D data set, where n>1;

• each pixel value provides spatially- and/or temporally 
localized information about some property of matter 
with which the energy has interacted;

• “interpretation”/quantification requires extracting a 
sub-set of data (“segmentation”);

• in biology, usually a noisy, blurry dataset.



Cell Size vs. Voxel Size

~ 1 Billion cells 
(109) per mm3





Quantitative Imaging Biomarkers Alliance
(QIBA):

Background
• Started by RSNA in 2007

• Mission: Improve the value and practicality of 
quantitative imaging biomarkers by reducing 
variability across sites, devices, patients, and 
time.

• “Build measuring devices rather than imaging 
devices”



Assays are characterized by their:
•  Technical Performance
•  Clinical Performance

• Clinical validation
• Clinical utility

Imaging Assays



Metrology Working Group

• Metrology is the science of measurement:

• “A measurement result is complete only when it is 
accompanied by a statement of the associated 
uncertainty,.”  

- NIST Policy Statement



QIB Technical Parameters
• QIBA Metrology Working Group advice –
• the three most important technical 

 parameters to characterize for an 
imaging biomarker are:

• Bias
• Precision
• Linearity



Precision

• Repeatability
• precision that occurs with identical or near-identical conditions.

• Reproducibility
• precision when location, operator, measuring system, or other 

factors differ.



2017 Fleischner Society Guidelines for 
Management of CT Pulmonary Nodules

Radiology. 2017 Feb 23
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Goal

Measure = 7

Sources of Variance

  Differences in:
     - Patient Handling
     - Acq. Protocols
     - Reconstruction
     - Segmentation
        . . .

When all participating 
components conform…

Requirements for:
Acquisition Params
Recon Params
Resolution
Noise ReqsProcessing Params

Patient Prep &
Operation

Segmentation 

Calibration

Overall Goal of QIBA

Image compliments of Kevin O’Donnell



FDA Biomarker Qualification Program
Sept 2016

“TKV [as measured by MRI, CT or ultrasound] as a 
prognostic biomarker for clinical trial enrichment in 
patients with ADPKD.”

No specifications for precision were required, 
because the polycystic kidneys are so much larger 
than normal.





TKV QIB (Steinhelfer)

• “A 10% or greater decline in TKV at 6 months … is an easily 
accessible imaging-derived marker for predicting a 30% or 
greater decline in eGFR at 12 months.”

• “This imaging marker could be a …parameter in decision-
making to continue or discontinue treatment after 4 cycles 
of 177Lu-PSMA-I&T radioligand therapy.”

• “Furthermore, it presents opportunities for adjusting the 
treatment cycle interval or intensity, implementing therapy 
pauses for stable disease, or exploring a de-escalation 
treatment strategy.”



True Biologic Change …

… is approximately twice the variability

(Clinical Significance of that change needs to 
be determined by clinical studies.)
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Real Simulated

Which lesions are real?

Methodology and Reference Image Set for Volumetric 
Characterization and Compliance Ehsan Samei, PhD – Duke

Synthetic Data





Clinical data limitations (Langenbach)

• Two-year imaging follow-up was short
• Important covariates (eg, steroid or statin use) not collected in the 

NLST.
• Medical therapies, lifestyle risk factors, not collected.
• Body mass index and BSA available at baseline only.
• Need comprehensive longitudinal data collection to understand the 

dynamic changes in body composition. 



Quantitative Imaging 
Committee (QUIC)

…And QIN, EIBALL, J-QIBA, EANM, AIUM, ALA, 
SNMMI, ISMRM, and others.



What is the Impediment to Implementation 
of QIB’s?

• Few clinical treatment decisions are driven by a 
quantitative imaging result.

• Other contributing factors:
• Inertia
• Insufficient resources to collect clinical data
• Perverse financial incentives in U.S. healthcare
• Conservative (cautious) mindset



Challenges to adoption of standardization

• Inertia
• Inherent; passive; subconscious

• Resistance to mandates or authority
• Active; individuality; independence

• Skepticism about need or value
• Will outcomes improve?

• Professional organization “turf” (territoriality)
• Boundaries; ownership; credit

• Education; publicity; awareness
• Regulatory agency differences

• Geographic; political
• Absence of any national QA/QC program for QI.



Lessons learned in the Quantitative Imaging 
Biomarkers Alliance (QIBA)

Standards documents must:
1. Have a clear rationale,
2. Be based on published data as much as possible or 

expert consensus opinion when data are absent,
3. Reflect broad stakeholder input, 
4. Reflect an open, consensus process, and
5. Evolve or be revised periodically.



Take-home Message?

Prioritize and Incentivize 
Reproducibility

! 



Thank you.
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