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Lung Imaging Database Consortium (LIDC) 
● NCI-initiated in 2000, 5 institutions selected through 

peer-review process 
● Goal: develop a public web-accessible resource 

containing 
○ an image repository of screening and diagnostic thoracic CT 

scans 
○ associated metadata such as technical scan parameters (e.g., slice 

thickness, tube current, and re- construction algorithm and 
patient information (e.g., age, gender, and pathologic diagnosis) 

○ nodule truth information based on the subjective assessments of 
mul- tiple experienced radiologists (e.g., lesion category, nodule 

Armato et al. Lung Image Database Consortium: Developing a Resource for the Medical Imaging Research Community1. Radiology 232, 739–748 (2004). 
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). 2 



               
  

   

 

TCIA LIDC-IDRI collection 

● One of the largest and most popular annotated collection of TCIA 
● Utilized in numerous challenges 
● 1000+ citations, used to enable numerous derivative studies 

https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI 

Kalpathy-Cramer, J., Freymann, J. B., Kirby, J. S., Kinahan, P. E. & Prior, F. W. Quantitative Imaging 
Network: Data Sharing and Competitive AlgorithmValidation Leveraging The Cancer Imaging Archive. 
Transl. Oncol. 7, 147–152 (2014). 
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LIDC groups of findings 

1. “nodules ≥ 3 mm”: any lesion considered to be a nodule with greatest 
in-plane dimension in the range 3–30 mm regardless of presumed 
histology; 

2. “nodules < 3 mm”: any lesion considered to be a nodule with greatest 
in-plane dimension less than 3 mm that is not clearly benign; 

3. “non-nodules ≥ 3 mm”: any other pulmonary lesion, such as an apical 
scar, with greatest in-plane dimension greater than or equal to 3 mm 
that does not possess features consistent with those of a nodule. 

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). 
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LIDC expert review process 
Each of the four radiologists independently reviewed all of the scans in a 
“blinded” phase to identify all of the findings from the three groups 
above. 

For each finding identified by a given radiologist as a “nodule ≥ 3 mm”, 
outlines were constructed in each slice where that nodule appear, while 
for the other two categories only the approximate center of mass was 
annotated. 

In the subsequent “unblinded” read phase each radiologist had access to 
the categories assigned and annotations for the nodules, and “a 
radiologist’s own marks then could be left unchanged, deleted, switched 
in terms of lesion category, or additional marks could be added”. 
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After the unblinded phase each radiologist assessed subjective 
characteristics of “nodules < 3 mm”, such as spiculation, subtlety, etc 

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). 
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Consequences of using project-specific XML representation 

● No single conventional tool that can render annotations over the image 
● Annotations need to be managed separately from images 

○ Accessed as a ZIP file 

● Linked to images via DICOM Study/InstanceUID, patient information separate 
from the XML 

● Conventions about stored content need to be parsed from the accompanying 
documentation and annotated XML example 

● Conversion of contours into image-space is error-prone 
○ inclusion/exclusion contours, inclusion or exclusion of boundary pixels, coordinate space 

conventions 

● Representation not harmonized with any conventions for any other TCIA 
collection 
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Tools/studies developed to enable interpretations of those
XML files (a subset, I am sure) 
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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 … 
10

Horii SC. DICOM. In: Kagadis GC, Langer SG, editors. 
Informatics in medical imaging. 2011. p. 41–67. 



 

       
     

pylidc https://pylidc.github.io/ 
“pylidc is an Object-relational mapping (using SQLAlchemy) for the data provided in the LIDC dataset. This 
means that the data can be queried in SQL-like fashion, and that the data are also objects that add additional 
functionality via functions that act on instances of data obtained by querying for particular attributes” 

● Open source, python 
● Easy to install on any platform 
● Used by others! 
● More than LIDC parser 
● Supported 

○ Thanks Matt Hancock! 

Hancock, M. C. & Magnan, J. F. Lung nodule malignancy classification using only radiologist-quantified image features as inputs to statistical learning 
algorithms: probing the Lung Image Database Consortium dataset with two statistical learning methods. J Med Imaging (Bellingham) 3, 044504 (2016). 11 

https://pylidc.github.io/
https://github.com/pylidc/pylidc
https://en.wikipedia.org/wiki/Object-relational_mapping
https://www.sqlalchemy.org/
https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI
https://en.wikipedia.org/wiki/Object-oriented_programming


 

                        
    

dcmqi https://github.com/qiicr/dcmqi 
“dcmqi (DICOM for Quantitative Imaging) is a free, open source library that can help 
with the conversion between imaging research formats and the standard DICOM 
representation for image analysis results” 

● DICOM Segmentation object 
● DICOM Parametric map object 
● DICOM Region-based measurements Structured Report 

Herz, C., Fillion-Robin, J.-C., Onken, M., Riesmeier, J., Lasso, A., Pinter, C., Fichtinger, G., Pieper, S., Clunie, D., Kikinis, R. & Fedorov, A. dcmqi: An 
Open Source Library for Standardized Communication of Quantitative Image Analysis Results Using DICOM. Cancer Res. 77, e87–e90 (2017). 12 

https://github.com/qiicr/dcmqi


  

LIDC nodule segmentations 

● (x,y) coordinates of the contour points for image slices defined by DICOM 
SOPInstanceUID 

● Contours can be “inclusion” or exclusion 
● Contour points are not part of the segmentation! 

13 
https://github.com/notmatthancock/pylidc/issues/15 https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI 

https://github.com/notmatthancock/pylidc/issues/15
https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI


Image Segmentations - as DICOM 
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Spatial labeling of the voxels of 
interest + 

● Patient information 
● Unique identifiers 
● References to the segmented 

image 
● Ontology-enabled semantics 

(SNOMED-CT, RadLex, etc) 
● Segmentation algorithm 
● Single file, efficient storage, 

multiple occupancy voxels 
● Presentation color 



 

LIDC segmentations: conversion process 

● One nodule annotation per DICOM Segmentation object 
● Use pylidc to get numpy array for each nodule segmentation 

○ Also use pylidc clustering functionality to assign segmentations to individual nodules 

● Use ITK-python to reorient the array, add origin/spacing/directions and save 
as a 3D volume 

● Populate metadata JSON 
● Use dcmqi to write DICOM Segmentation object 
● Conversion process includes pointer to the source CT series 

○ Propagate composite context 
○ Establish references to the source series analyzed 

https://itkpythonpackage.readthedocs.io 15 

https://itkpythonpackage.readthedocs.io


"segmentAttributes": [
 [
 {
 "SegmentLabel": "Nodule 1 - Annotation 157143",
 "recommendedDisplayRGBValue": [
 241,
 214,
 145
 ],
 "AnatomicRegionSequence": {
 "CodeMeaning": "Lung","CodingSchemeDesignator": "SRT","CodeValue": "T-28000"
 },
 "SegmentAlgorithmType": "MANUAL",
 "SegmentedPropertyCategoryCodeSequence": {
 "CodeMeaning": "Morphological Abnormal Structure","CodingSchemeDesignator": "SRT","CodeValue": 

"M-01000"
 },
 "SegmentedPropertyTypeCodeSequence": {
 "CodeMeaning": "Nodule","CodingSchemeDesignator": "SRT","CodeValue": "M-03010"
 },
 "TrackingIdentifier": "Nodule 1",
 "labelID": 1,
 "SegmentDescription": "Nodule 1 - Annotation 157143",
 "TrackingUniqueIdentifier": "2.25.78955135423773784954011632177062973466658992040550559735258"
 }
 ] 
] 16 



LIDC nodule characterization 
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DICOM Structured Reporting (SR) 
● Extends the DICOM standard beyond attributes in 

"image header” 
● Into a “tree” of structured content 
● Each tree node (“content item”) is a "name-value" 

pair 
● Or a “container” (provides an outline of “headings”) 
● Name is always coded, value may or may not be 
● Generic framework - recursively nested content of 

unbounded complexity 
● Complexity constrained for specific use cases by 

"templates" 
18 
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DICOM SR TID1500: measurements + characterizations 

● TID 1500 “Measurement report” 
● General-purpose template 
● Reuses existing templates 
● Planar or volumetric region definition 
● Qualitative characterizations 

Example from Fedorov et al. DICOM for quantitative imaging biomarker 
development: a standards based approach to sharing clinical data and 
structured PET/CT analysis results in head and neck cancer research. 
PeerJ 4, e2057 (2016). 



DICOM SR approach to coded content 
● Qualitative assessment reporting 

○ Coded concept 
○ Coded value 

● Coded = (Code Value, Coding Scheme Designator, Code Meaning) tuple 
○ E.g., ("CodeMeaning": "Lung","CodingSchemeDesignator": "SRT","CodeValue": "T-28000") 

● Sources of codes 
○ Standard dictionaries: SNOMED, NCIt, RadLex, UCUM, … 
○ “Private” dictionaries: when standard dictionaries do not contian suitable terms, indicated 

by “99” prefix of the Coding Scheme Designator 

20 
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Harmonization of LIDC with existing terminologies 

● Review existing lexicons: NCI Thesaurus, RadLex, SNOMED (only those 
terms included in the DICOM standard) 

○ BioPortal http://bioportal.bioontology.org/ 
○ Ontology Lookup Service https://www.ebi.ac.uk/ols 

● Imaging Biomarker Standardization Initiative (IBSI) lexicon 
● “99LIDCQIICR” coding scheme for codes not located in existing lexicons 

Zwanenburg, A., Leger, S., Vallières, M., Löck, S. & for the Image Biomarker Standardisation Initiative. Image 
biomarker standardisation initiative. arXiv [cs.CV] (2016). at http://arxiv.org/abs/1612.07003 21 

http://bioportal.bioontology.org/
https://www.ebi.ac.uk/ols
http://arxiv.org/abs/1612.07003
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Coding concept values 

● Some concept values are categorical (e.g., “Internal structure”) 
● Others are ordinal scores 

○ With or without specific assignment of meaning 

23 
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Results of mapping 

● Concepts (9 total): 
○ 6 mapped to NCIt 
○ 1 to RadLex 
○ 1 to IBSI 
○ 1 not mapped (99LIDCQIICR) 

● Values (45 total): 
○ 29 not mapped (99LIDCQIICR) 
○ 12 to RadLex 

Coordinated with the Opulencia et al. work after v1! 

○ 4 to NCIt 



DICOM SR conversion process 

● One nodule characterization per DICOM Segmentation object 
● Use pylidc to get characterizations for each nodule 

○ Also use pylidc to get nodule volume, surface area, 2D diameter 

● Populate metadata JSON 
● Use dcmqi to write DICOM SR object 
● Conversion process includes pointer to the source CT series and DICOM 

Segmentation object 
○ Propagate composite context 
○ Establish references to the source series analyzed 
○ Establish references to the segmentation associated with the characterizations 

25 
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Status 

● Conversion results available on TCIA since RSNA 2018 (Google Drive folder) 
● Conversion pipeline script is available on GitHub 
● Details in preprint (v1, will be updated!) - feedback is welcomed! 

28https://doi.org/10.7287/peerj.preprints.27378 

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


 

LIDC DICOM in context: Support in tools 

● DICOM Segmentation object: supported in multiple tools (see 
https://dicom4qi.readthedocs.io/) 

○ Open source: 3D Slicer, ePAD, MITK, MeVisLab, OHIF Viewer + dcmjs 
○ Commercial: Brainlab, Siemens syngo.via, Terarecon (more in development) 

● DICOM TID1500 SR: 
○ 3D Slicer, ePAD can read and write 
○ Pixelmed tools 
○ Used in RSNA Crowds Cure Cancer for planar annotations+measurements 
○ General-purpose DCMTK tools can be used to convert to XML representation (both 

atribute-level and SR tree level) 

● Conversion of measurements into tabulated form 
○ https://github.com/QIICR/dcm2tables 

29 

https://dicom4qi.readthedocs.io/
https://rawgit.com/dcmjs-org/dcmjs/master/examples/index.html
https://github.com/QIICR/dcm2tables


CommercialAcademic 

Production 
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Prototype/under development 

Major DICOM4QI participating tools 

https://dicom4qi.readthedocs.io/ 

https://dicom4qi.readthedocs.io/


 

 

LIDC DICOM in context: harmonization of TCIA derived data 
● Numerous other collections follow “the DICOM 

approach” for derived data 
○ QIN-HEADNECK: head and neck cancer, PET/CT, SUV, 

segmentations, SUV quantification 
○ QIN-PROSTATE-Repeatability: prostate cancer, 

multiparametric MRI, segmentations, measurements 
○ TCIA-LGG and TCIA-GBM: glioblastoma, multiparametric 

MRI, segmentations 

● Extensible with other types of derived data 
○ Framework for analysis from multiple groups/tools to be 

combined 
○ pyradiomics supports output of radiomics features as 

DICOM SR TID1500 
○ IBSI lexicon of radiomics features is being integrated with 

the DICOM Standard 31 

https://peerj.com/articles/2057/ 

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

https://peerj.com/articles/2057/
https://www.nature.com/articles/sdata2018281


 
 
 

 
 

Queries like this become possible: 

Find all subjects that have a 
neoplasm segmented using 
automatic method at the base of 
tongue larger than 5 cc that show 
Glycolysis Within First Quarter 
of Intensity Range above 10 
grams 

32 
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