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DICOM and Big Data 

l  DICOM data elements 
l  DICOM coded concepts and values 
l  Actually used count 
l  Single Attribute vs. structured context 
l  Identification, acquisition (incl. workflow), 

derivation (incl. quantitative parametric maps, 
ROIs, measurements, categorical) 

l  non-image DICOM: SEG, PS, SR, RTSS 
l  DICOM RT-specific – 1st and 2nd generation 
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DICOM Elements Actually Used 
l  Defined versus used 

•  what is defined in various image and non-image IODs 
•  including “enhanced” family images (much more detail) 
•  what is actually encountered in clinical practice 

l  2006 review of large oncology clinical trial archive 
•  standard had 2527 data elements 
•  618 data elements seen in archive 
•  in more than 25% of images, 125 data elements 
•  in more than 90% of images, 54 data elements 
•  admittedly a biased sample CT >> MR >> NM, PT, CR, DX 
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Standard Values for Attributes 
l  “Common Data Elements” are not enough for big data 
l  Need “Common Value Sets” for those CDEs too 
l  Legacy objects – few enumerated values and defined terms 
l  Enhanced family – many more, but less often used 
l  Codes 

•  from external vocabulary, e.g., SNOMED 
•  defined by DICOM (PS3.16 Annex D) 

l  Codes used for 
•  anatomy, etc. in newer images 
•  DICOM SR 
•  worklists, acquisition context and protocols 
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Codes, Controlled Terminology 
l  General need, and in an RT-context 
l  Anatomy – SNOMED, FMA – could use for Organs 

at Risk 
l  Regions for specific purposes, e.g., GTV 

•  code or string? 
•  poor DICOM RTSS (implementation) precedent – not even 

a code for GTV in DICOM !@#$ 
•  could easily add SNOMED to DICOM context group 

l  Recent CPs to improve RTSS and align with 
Segmentation codes – CP 1287, 1314, 1586 
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Codes for Irradiated Volumes 
l  E.g., SNOMED Irradiated Volume concepts 

•  (R-429E0, SRT, “Gross tumor volume”) 
•  (R-429EB, SRT, “Clinical target volume”) 
•  (R-429EC, SRT, “Planning target volume”) 

l  Being added in Sup 147 “Prescription and Segment 
Annotation” 
•  in CID SUP147070 “Radiotherapy Targets” 
•  2nd generation, status is frozen draft for trial implementation 
•  defines yet another RT-specific annotation IOD that doesn’t 

re-use non-RT objects (such as DICOM SR) 
•  not back-ported to define for use in RTSS 
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Efforts to Standardize RT Names 
l  Santanam et al. Standardizing Naming Conventions in 

Radiation Oncology. 2012. doi:10.1016/j.ijrobp.2011.09.054 
l  Miller. A Rational Informatics-enabled approach to Standardised 

Nomenclature of Contours and Volumes in Radiation Oncology 
Planning. 2014. http://ojs.jroi.org/index.php/jroi/article/view/22 

l  Denton et al. Guidelines for treatment naming in radiation 
oncology. 2016. doi:10.1120/jacmp.v17i2.5953 

l  AAPM TG 263 – Standardizing Nomenclature for Radiation 
Therapy 

l  NRG Structure Name Library 
l  Danger of constructing string names with embedded syntax 

versus true codes and ontologies 
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Radiation Oncology Ontology 
l  “aims to cover the radiation oncology domain with a strong 

focus on re-using existing ontologies” 

l  https://www.cancerdata.org/roo-information 
l  http://bioportal.bioontology.org/ontologies/ROO 
l  https://github.com/RadiationOncologyOntology/ROO 

l  ? add as new Coding Scheme to DICOM 
l  ? use codes from wherever re-used concepts came from 
l  not using SNOMED since not free (for non-DICOM folks) 
l  Open Source – Apache License 
l  Distributed as an OWL file 
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Structural Context 
l  The values of a data element extracted from its 

“context” may be meaningless 
l  Multiple different “volumes” in same “row” of 

extracted table if insufficient “context” 
l  E.g., “volume” = “12.34” “mm3” 
l  Volume of what? 
l  Measured how? 
l  Modifiers: mean, max, peak (e.g., SUV) 
l  Pre-coordinated vs. post-coordinated 
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Push or Pull 
l  Pull 

•  known inputs into known fields in “template” or “schema” 

l  Push 
•  recognized input into known fields 
•  any other input into unknown fields 

l  Predefined “schema” vs. adaptive data modeling 
l  Name-value pairs, RDF tuples, mixture 
l  Automated ETL rather than hand-mapped 
l  How do  (input) standards help? 

•  what to expect 
•  what it actually “means” (versus “lexical semantics”) 
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DICOM Big Data Example 

l  https://blog.cloudera.com/blog/2016/05/how-
to-process-and-index-medical-images-with-
apache-hadoop-and-apache-solr/ 

l  dcmtk dcm2xml 
l  Apache Solr schema.xml file 
l  Morphlines configuration file 
l  MapReduceIndexerTool 
l  Hue for view/search 
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Other DICOM Big Data Examples 
l  Hadoop – Hbase – http://coders-log.blogspot.com/2008/10/hadoop.html 
l  Hadoop – Mazurek et al. Medical data preservation at scale. 2015. 

https://tnc15.terena.org/core/presentation/108 
l  Hadoop – Hbase – bulk data – Bao et al. Strategies for Improving Latency and Throughput of the 

Apache Hadoop Ecosystem for Medical Imaging Data. 2016. 
http://www.dre.vanderbilt.edu/~gokhale/WWW/papers/Middleware16_HBaseOpt.pdf 

l  Hadoop – image feature extraction from bulk data – Schaer R. Using MapReduce for Large-scale 
Medical Image Analysis. 2012. 
https://www.slideshare.net/IIG_HES/20120927-hisb-usingmapreduce 

l  Hadoop – PACS basis – Ganapathy et al. Circumventing Picture Archiving and Communication 
Systems Server with Hadoop Framework in Health Care Services. 2010. 
http://thescipub.com/abstract/10.3844/jssp.2010.310.314 

l  RDF – SPARQL – Jena – Tello et al. RDF-ization of DICOM Medical Images towards Linked 
Health Data Cloud. 2014. https://link.springer.com/chapter/10.1007/978-3-319-13117-7_193 

l  Gfarm – Hiroyasu et al. Distributed PACS using distributed file system with hierarchical meta data 
servers. 2012. http://www.is.doshisha.ac.jp/academic/papers/pdf/12/201209_minamitaniembc.pdf 

l  MIRTH – PostgreSQL – Langer S. A Flexible Database Architecture for Mining DICOM Objects: 
the DICOM Data Warehouse. 2012. 
http://www.springerlink.com/content/77448527x3k40221/fulltext.html 
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RT Data Mining Examples 

l  Roelofs et al. International data-sharing for 
radiotherapy research: An open-source 
based infrastructure for multicentric clinical 
data mining. 2014. doi:10.1016/j.radonc.
2013.11.001 

l  DICOM for RT, SNOMED for clinical data 
l  Italian language translation 
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Beyond Imaging 
– Integrative Queries 
l  Diagnostic radiology (imaging) – routine or 

“radiomic” (e.g., feature extraction) 
l  Anatomical pathology – reports, images (WSI), 

automated analysis results 
l  Genomic and proteomic 
l  Clinical data – demographics, disease, anatomy, 

pathology (biopsy), staging (incl. TNM), outcome 
(death, recurrence, survival), treatment (medical, 
surgical, radiation) 

l  Radiation therapy 
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Other Initiatives 
l  Some of which may have mapping to DICOM 
l  BRIDG 
l  CDISC SDTM esp. Oncology Domain 
l  Genomic Data Commons (GDC) – cross-study and 

study-specific 
l  HL7 V2 
l  HL7 V3 RIM 
l  HL7 Clinical Document Architecture (CDA) 
l  HL7 FHIR 
l  Registries - SEER 
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BRIDG Model Overview 
l  BRIDG – Biomedical Research Integrated Domain Group Model 
l  Protocol-driven research and translational sciences research 
l  Collaborative standard developed by CDISC, FDA, HL7, ISO and NCI 

•  ISO 14199 Standard 2015 
l  BRIDG is a Domain Information Model for Translational research 

•  a UML model and class diagram (in Enterprise Architect) 
•  combined semantics from CDISC, HL7 and ISO to enable 

semantic interoperability 
l  Scope changed in 2014 to include translational sciences 

•  includes in vivo imaging, pathology and clinical genomics 
l  BRIDG contains CDISC data standards harmonized over last 8 years 

•  CDISC SDTM required for FDA Division of Oncology submissions 
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BRIDG Model 
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DICOM Imaging added to BRIDG 
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Just CT, MR 
and PET 
for now 



BRIDG – DICOM SR TID 1500 
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BRIDG – DICOM SR TID 1500 
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Clinical Data 
l  Disease 
l  Anatomical pathology and staging 
l  Treatment 
l  Outcome – recurrence, survival 
l  Not ideal, but can use DICOM SR 
l  Leverage “relevant clinical information” templates 

(intended pre-imaging) 
l  QIICR – 10.7717/peerj.2057 
l  NCI CIP DI-cubed project 
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Summary 
l  Extracting information from DICOM images and non-image 

objects 
l  Many tools to extract the DICOM context (for both individual 

elements and structured content, e.g., SR) to feed the ETL 
process 

l  Which attributes – many to choose from – sparseness 
l  Consistency of attribute values is challenging (esp. free text 

values) 
l  Use of standard codes (DCM, SNOMED) 
l  Specific RT attribute/value standardization efforts 
l  “Context” of each use (place in a tree flattened to a row) 
l  Role of standard mapping from DICOM to broader based 

models (e.g., BRIDG) 
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