
Marcial García Rojo

Standardization in automatic Standardization in automatic 
image processing and image processing and 

analysis using virtual slides analysis using virtual slides 
in pathologyin pathology
Marcial García Rojo

Hospital General Universitario de Ciudad Real. 
Spain

marcial@cim.es

BioImagene Symposium at the 10th European Congress on 
Telepathology and 4th International Congress on Virtual 
Microscopy



Telepathology NetworksTelepathology Networks

European network: Action IC0604: Telepathology Network 
(EURO-TELEPATH)

http://www.conganat.org/eurotelepath

Telepathology in Castilla-La Mancha. 

Serendipia project in SESCAM
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Serendipia project in SESCAM
Main objective: Creating a professional communication 
tool connecting all Pathology Departments using a web 
platform and all needed devices or systems.

Following existing standards



EquipmentEquipment

Reference hospitals
• Bar code readers in 

slides and blocks.

• High quality Monitors.

• Gross imaging station.

Small hospitals

………….
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• Videoconferencing.

• Scanner > 50 slide.

• Storage        (40 TB)

•Scanner 5 slide.

•Storage     (8 TB)



Workflow according to IHE standardWorkflow according to IHE standard



A digital (“virtual”) slide is a real slide, and A digital (“virtual”) slide is a real slide, and 
physically it is…physically it is…
A set of files. Generally JPEG 
files, and a coordinates file 
used to reconstruct the 
complete slide.
Advantages: Flexibility (one 
folder per Z plane, or per 
magnification)

A single file (SVS, 
JPEG2000, Philips…)
multirresolution, containing 
also all information associated 
with the image
Advantages: Easy to 
distribute. JPEG2000 is a 
standard
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standard



Características de las Virtual SlideCaracterísticas de las Virtual Slide
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Measure, quantify and analyzeMeasure, quantify and analyze

Tools to measure:
Melanomas: Breslow thickness
Sentinel lymph nodes: Localize and distinguish 

between isolated cells and micrometastasis
Image analysis (immunohistochemistry) algorithms: 
Her2, oestrogen and progesterone receptors (62% 
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Her2, oestrogen and progesterone receptors (62% 
users of digital pathology apply quantitative 
immunohistochemistry for HER2 scoring)
Detection of areas of interest (cytology)
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CISH interpretationCISH interpretation
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Automated image analysisAutomated image analysis
� Immunohistochemistry quantification
� CISH/SISH analysis
� Fluorescence (FISH, Skin, Kidney)
� TMA

� Open solutions: 
� Image analysis software should be able to read 

multiple digital slide file formats

FDA Clearance 
Her2/neu, 
Ostrogen and 
Progestorone 
Receptors
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multiple digital slide file formats
� Image analysis results should be integrated with LIS 

reports
� Annotation should be interchangeable between 

different vendors (no standard!)
� Integration with cytology solutions: Hologic ThinPrep 

Imaging System, Civagen FocalPoint



Standards in digital pathologyStandards in digital pathology

• Medical image: DICOM (Digital Imaging and 
Communication in Medicine). Supl. 145 Large images

• Messaging between applications: HL7 (Health Level 7)
• Terminology: SNOMED CT
• How to use standards: IHE (Integrating Healthcare 

Enterprise). Workflow and documents are defined
• General Pathology Workflow . Tested in European 

Connecthaton in Burdeaux, France, April 2010
• Tumor registries . Tested in US Connecthaton in 

Chicago, January 2010
• Structured pathology report (HL7 CDA r2)
• Request for opinion (second, primary diagnosis)



DICOM Sup145 DICOM Sup145 multimulti--frame tiling (WG26)frame tiling (WG26)

Thumbnail Image 

Intermediate Image Tiles

Multi-frame image
(single object)

Single frame image

Use multi-frame image objects (not object per tile)

27/07/2010 12

In 1 or more DICOM Series

Intermediate Image Tiles

Baseline
Image Tiles

Multi-frame image
(single object)
may include multiple
Z-planes, color planes



DICOM. Supplement 122. Single file: DICOM. Supplement 122. Single file: 
JPEG2000/JPIPJPEG2000/JPIP
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TMA information technologyTMA information technology

Array designer
TMA core managing (database and scoring). 

Tissue Array Database: MD Anderson Cancer Center 
http://bioinformatics.mdanderson.org/tad.html

Tissue Microarray Core: John Hopkins Pathology 
http://tmalab.jhmi.edu/demo.htm

Data analysis
TMA-Combiner http://genome-www.stanford.edu TMA-Combiner http://genome-www.stanford.edu 

Image analysis
Beecher TMAx (Definiens AG)

Managing scanned TMA slides



Information exchangeInformation exchange

There is an effort to standardize data capture, thus 
facilitating subsequent exchange of information. 

The preferred current mechanism is to use an 
"XLM"-based data capture and transfer.

TMA data exchange specification (TMA DES) 
proposed in April 2003 (Nohle DG, Hackman BA, 
Ayers LW. The tissue micro-array data exchange 
proposed in April 2003 (Nohle DG, Hackman BA, 
Ayers LW. The tissue micro-array data exchange 
specification: a web based experience browsing 
imported data. BMC Med Inform Decis Mak. 
2005;525)  



“The validation required for translation of tissue biomarkers 
from the research lab to the clinical lab will probably rely 
heavily on the combination of tissue microarray 
technology with automated quantitative analysis” (Giltnane JM, 

Rimm DL. Technology insight: Identification of biomarkers with tissue microarray technology. Nature 
Clinical Practice Oncology 2004; 1: 104-111.)

“Whilst great advances have been made in the discovery of 
putative biomarkers , disappointingly few have been 
translated into clinically applicable assays . It is widely 
believed that this is due to a lack of well-designed, 
thorough validation studies . (Brennan et al Contribution of DNA and tissue 

microarray technology to the identification and validation of biomarkers and personalised medicine in 
breast cancer. Cancer Genomics Proteomics. 2007 May-Jun;4(3):121-34.)



Data managementData management

Score � Combine data (spreadsheet) � In some cases 
(multiple TMAs), combination rules need to be applied:
core sampling biases, 
antibody staining properties, 
number of replicate cores 

� Clusters (data aggregation). E.g. Treeview:� Clusters (data aggregation). E.g. Treeview:



Data analysis / Statistical testsData analysis / Statistical tests

Data Preprocessing (e.g. filling some data missing)
Statistical tests: Cox proportional hazard model to 

identify prognostic markers or Kaplan-Meier 
survival plots to visualize the survival/recurrence 
rates for a cohort



TMA FISH scanning and analysisTMA FISH scanning and analysis

Tubbs RR, Swain E, Pettay JD, Hicks DG. An 
approach to the validation of novel molecular 
markers of breast cancer via TMA-based FISH 
scanning. J Mol Histol. 2007 May;38(2):141-50. 

Bio-cell chips: Lee DS et al. Application of high 
throughput cell array technology to FISH: throughput cell array technology to FISH: 
Investigation of the role of deletion of p16 gene in 
leukemias. Journal of Biotechnology 2007; 
127:355-60.  



Networking in reseach using image analysisNetworking in reseach using image analysis

CCAA 2
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ConclusionsConclusions

A universal annotation format (DICOM standard?) 
and image analysis structured will allow a rapid 
growth of digital (virtual) slides technology 
applications.

Consensus in workflow (IHE initiative) and TMA 
data exchange are under development.data exchange are under development.

High-throughput conventional slides and TMA 
analysis is possible using digital slides (whole 
slide images) and automated image analysis.

New scanners are becoming faster and efficient 
also in fluorescent imaging.



Standardization in automatic image processing Standardization in automatic image processing 
and analysis using virtual slides in pathologyand analysis using virtual slides in pathology

¡Gracias!

Marcial García Rojo
marcial@cim.es


