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ImageNet and Large Scale Visual Recognition Challenge

Russakovsky O, Deng J, Su H, et al. ImageNet Large Scale Visual Recognition 
Challenge. Int J Comput Vis. Springer US; 2015;115(3):211–252
http://www.image-net.org/ 

http://image-net.org/challenges/LSVRC/2017/index
http://www.image-net.org/about-stats 
https://wordnet.princeton.edu/  2

http://www.image-net.org/
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Image-related data in medical imaging
● Image-like (e.g., segmentations, parametric maps)
● Non-image-like

○ Quantitative, qualitative, categorical (e.g., measurements, impressions)
○ White matter tracks, centerlines, planar annotations, … 

● Clinical data (labs, therapies, outcomes)
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FAIR data: Findable Accessible Interoperable Reusable

Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci Data 3, 160018 (2016).



Data and Metadata
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“Metadata is a map. Metadata 
is a means by which the 
complexity of an object is 
represented in the simplest 
form.”

“Without the data about 
objects contained in a space, 
any sufficiently complex 
space is indistinguishable 
from chaos”
Pomerantz, J. Metadata (The MIT Press Essential Knowledge 
series). (The MIT Press, 2015).



DICOM - preparing for the unknown, since 1983
● Standard for images and image-related evidence
● “The HOW”: Fixed syntax, encoding, compression … 

○ (hierarchical) list of attribute/value pairs

● “The WHAT”: Object definitions
○ Object-specific required and optional attributes
○ Constraints and values sets
○ Common data elements / lexicons / ontologies

● For all object types
○ Dates, patient IDs, study, series - for every object
○ Unique identifiers

● References to related evidence
○ Provenance of data acquisition, analysis

● + networking, web, de-identification … 
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Horii SC. DICOM. In: Kagadis GC, Langer SG, editors. 
Informatics in medical imaging. 2011. p. 41–67.



Repeatability of mpMRI
● Confirmed or suspected PCa
● Quantitative measures: 

○ Expert annotations

○ Image-based volume and mean Apparent 
Diffusion Coefficient

● Repeat mpMRI within 2 weeks, with e-coil
● 189 men approached, 40 consented, 15 

completed the study
● Small volume disease: MRI-estimated 

tumor volume was less than 0.5 cc in 8 of 
11 subjects

Fedorov, A., Vangel, M. G., Tempany, C. M. & Fennessy, F. M. Multiparametric Magnetic 
Resonance Imaging of the Prostate: Repeatability of Volume and Apparent Diffusion 
Coefficient Quantification. Invest. Radiol. 52, 538–546 (2017).
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TCIA QIN-Prostate-Repeatability collection
● Multiparametric MRI at 2 time points: 

T2w, ADC, DCE subtract series
● Expert annotations of the regions of 

interest (prostate gland, peripheral 
zone, suspected tumor, normal tissue)

● Volume and mean ADC for the 
annotated regions

● TCIA limited access collection

Fedorov, A., Schwier, M., Clunie, D., Herz, C., Pieper, S., Kikinis, R., 
Tempany, C. & Fennessy, F. An annotated test-retest collection of 
prostate multiparametric MRI. Scientific Data 5, 180281 (2018)
https://www.nature.com/articles/sdata2018281 

https://www.nature.com/articles/sdata2018281


Repeatability of mpMRI Radiomics features in the prostate
● pyradiomics for feature extraction
● Extraction be highly sensitive to 

extraction parameters
● Features identified as predictive may 

not be reproducible (and vice versa!)
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ADC features

T2w features

Schwier M, van Griethuysen J, Vangel MG, Pieper S, Peled S, Tempany CM, Aerts H, Kikinis R, 
Fennessy FM, Fedorov A. Repeatability of Multiparametric Prostate MRI Radiomics Features. 
arXiv [cs.CV] (2018). https://arxiv.org/abs/1807.06089 

https://arxiv.org/abs/1807.06089


Optimizing DCE MRI analysis in the prostate
● Analysis covariates explored: Arterial Input 

Function, Pharmacokinetic model, Bolus 
arrival time

● Reflux rate constant (kep) more repeatable 
than Ktrans 

● No difference in discriminating between 
suspected cancer and normal tissue

● DCE MRI series, PK maps will be added to the 
TCIA-Prostate-Repeatability collection

Peled, S., Vangel, M., Kikinis, R., Tempany, C. M., Fennessy, F. M. & Fedorov, A. Selection of Fitting Model and Arterial Input Function for 
Repeatability in Dynamic Contrast-Enhanced Prostate MRI. Acad. Radiol. (2018). https://doi.org/10.1016/j.acra.2018.10.018 

https://doi.org/10.1016/j.acra.2018.10.018


TCIA LIDC-IDRI annotations
● Lung Image Database Consortium (LIDC): 

Muti-site data acquisition and annotation 
project

● Chest CT for 1000+ subjects, localization and 
characterization of nodules ≥3 by 4 experts

● Volumetric annotation of nodules
● Qualitative assessment score for margin, 

spiculation, calcification, etc.
● Annotations originally stored using 

project-specific XML representation

Armato et al. The Lung Image Database Consortium (LIDC) and Image 
Database Resource Initiative (IDRI): a completed reference database of lung 
nodules on CT scans. Med. Phys. 38, 915–931 (2011).

Fedorov, A., Hancock, M., Clunie, D., Brochhausen, M., Bona, J., Kirby, J., 
Freymann, J., Pieper, S., Aerts, H., Kikinis, R. & Prior, F. Standardized 
representation of the LIDC annotations using DICOM. (PeerJ Preprints, 2018). 
https://doi.org/10.7287/peerj.preprints.27378 

https://doi.org/10.7287/peerj.preprints.27378


DICOM for image-derived data means:
● For each object: subject identification, dates, unique identifiers, object type
● Segmentations: SNOMED semantics for segmented structure, references to 

segmented images, segmentation method identification
● Measurements (DICOM SR): coded semantics for quantities and units, 

references to segmentations and images, identification of the algorithm 
and parameters

● Uniform approach for encoding derived data across collections
○ Aggregate queries of image-derived data across collections become possible

● Generic tools applicable for visualization/query/conversion
● Same database for images and image-derived data
● Pathway for using clinical workstations for generating analysis results



Examples of queries that now become possible
● “Find all female subjects that have nodules located in the lung, and which are 

larger than 1 cc”

● “Find all structures segmented by more than one algorithm”

● “Find all subjects that had imaging at more than one time point, with 
secondary tumor in the neck region”

● “Plot correlation between the expert-assigned spiculation score and calculated 
sphericity for all segmented lung nodules”



Open source tools
● dcmqi: library and command line tools for conversion
● pyradiomics: can generate radiomics featues stored as DICOM SR
● Variety of off-the-shelf tools suitable for consuming standard 

representation:
○ Desktop: 3D Slicer, MITK, MeVisLab, … 
○ Web: ePAD, OHIF Viewer and dcmjs (work in progress)

● DCMTK: conversion into JSON and XML
● Tools for generating tabular view

https://github.com/qiicr/dcmqi 

http://www.youtube.com/watch?v=NXXtb670hwk
https://github.com/qiicr/dcmqi


Promoting and evaluating adoption of the standard
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DICOM4QI: DICOM for Quantitative Imaging

● Demonstration and connectathon at RSNA  
QIRR since 2015

○ Promote adoption of the DICOM standard for 
Quantitative Imaging applications

○ Develop best practices for storing QI analysis data 
using DICOM

○ Understand and lower adoption barriers

● Educate vendors so they adopt standards
● Educate customers so they demand standards
● 12 platforms participated or evaluated, 

including 6 commercial

https://dicom4qi.readthedocs.io/ 

https://dicom4qi.readthedocs.io/en/latest/
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