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Learning Objective

¨Anticipate and manage sources of data 
imprecision 

¨Collect databases structured for ongoing 
QA, interim and final analysis, and retrieval 
for future use



Retracted Scientific Publications

https://www.science.org/content/article/what-massive-database-retracted-
papers-reveals-about-science-publishing-s-death-penalty

https://www.science.org/content/article/what-massive-database-retracted-papers-reveals-about-science-publishing-s-death-penalty
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Clinical Trials: Imaging is an “Assay”

¨ Stable technology
¨ Available widely
¨ Standardized image acquisition
¨ Reproducible
¨ Range of normal defined

Sargent DJ, Rubinstein L, Schwartz L et al. Eur J Cancer 2009; 45: 290.

Balance “state of the art” with 
“generalizability”

What is a good assay?



Signal Requires Data Quality



Pre-treatment

Post-treatment

Range of 
test-retest

Lankester KJ, Taylor NJ, Stirling JJ et al. Br J Cancer. 2005.93:979.

Variability: Test – Retest
Same patient, day, scanning protocol but separate imaging sessions

Conclusion
Index test variability precludes detecting pre- vs. post-treatment change.
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Imaging Manual

¨ Hardware and software
¨ Scanner calibration 
¨ Patient preparation
¨ Scanning protocol
¨ Post-processing 

Imaging manual with a series of step by step SOP’s (standard 
operating procedures) for image acquisition



CTMW Template:
Imaging/Device Manual



Sources of Variability
¨ Patient preparation (e.g. fasting, serum lab values, 

tracer/contrast administration)
¨ Sampling (e.g. matrix, detector size, slice thickness)
¨ Reconstruction (e.g. filtering) 



Ongoing QA of Incoming Data
¨Data forms

• Missing fields
• Misinterpretation

¨ Images
• Scanner performance
• Acquisition protocol

¨Regularly ”clean” your data
¨Consider building in interim 

analysis up front

Correct

Submitted

ACRIN 6657 (I-SPY 1 trial), Nola Hylton, PI
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Image analysis: Turning image into data

¨Reader extracted features
¨Semi automated
¨Fully automated

Feature 1
Feature 2
Feature 3

.

.

.



Reader Extracted Features

•Location
•Number
•Density/intensity/tracer uptake
•Shape (e.g. round, oval)
•Size (2D vs. 3D)
•Margin
•Enhancement kinetics/pattern
•Summary assessment

“RADS”



Data Collection, Archiving & Sharing
¨ Will I need to collect this ?

• Primary and secondary analyses
• Planning the next phase trial
• Compliance – IRB, HIPAA, FDA, sponsor, ICJME

¨ Is it essential that I collect this? – cost, time, and 
incomplete datasets

¨ Reports and retrieval
• Database structure, search engine, image saves, etc.

¨ Policies on data sharing (ICJME requirement)



Cloud-Based Data Forms: REDCap

https://projectredcap.org/



REDCap Quality Module



Archiving Image Databases



Reader Study
¨ Multiple independent readers

¨ Rules for image interpretation
• Information available to reader

• Image selection, windowing, order, etc.

• Choosing index lesions 

• Selecting region of interest (ROI)

• Definition of positive vs. negative test

¨ Reader training

¨ Digital data forms and time stamps for signoff

A manual defining reader rules and training cases are part of any 
prospective study design.
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• Increases and decreases of  <10% can be a result of 
inherent variability.

Reader Variability: Size

Oxnard GR et al. J Clin Oncol. 2011;29:3114-9.

progression



Variability Introduced by ROI Selection

• All ROI protocols show excellent inter-observer agreement (ICC 0.94)
• Different ROI protocols yield different ADC values

Priola AM. . . Veltri A. Eur Radiol. 2017;27:1386-1394.



Site vs Central Reader
ACRIN 6671: FDG-PET/CT 

Endometrial Cancer
Detection of Stage IV disease

Gee MS, Atri M. . . Lee SI. Radiology. Nov 29, 2017:Epub.



AI-Assisted Readers



Fully Automated AI Readers



Inevitably we arrive back at AI. . . 



AI Database Landmines --- to date



Privacy: MRI & Facial Recognition

Schwarz CG. . . Jack CR . N Engl J Med. 2019;381:1684-1686.



Privacy: CXR & Race

Gichoya JW, Banerjee I, Bhimireddy AR, Burns JL, Celi LA . . . .Trivedi H, Wang R, 
Zaiman Z, Zhang H. Lancet Digit Health. 2022;4(6):e406-e414. 



Diversity and Bias: Cohorts Used to 
Train Deep Learning Algorithms

Kaushal A, Altman R, Langlotz C. JAMA 2020;324:1212-1213.



Diversity and Bias: Racism
Speech Recognition

Koenecke A, Nam A, Lake E, Nudell J, Quartey M, Mengesha Z, Toups C, Rickford JR, 
Jurafsky D, Goel S. Proc Natl Acad Sci U S A. 2020;117(14):7684-7689. 



Steps toward data integrity:
¨ Image acquisition procedures

• Balance “state of the art” with “generalizability”
• Imaging manual

¨ Image analysis procedures
• Read rules, training and testing, reader form

¨ Build in procedures for ongoing QA
¨ Database elements, architecture, and sharing 

policy --- with ethics in mind


