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Multi-scale Integrative Analysis in Biomedical Informatics

• Predict treatment 
outcome, select, 
monitor treatments

• Reduce inter-observer 
variability in diagnosis

• Computer assisted 
exploration of new 
classification schemes

• Multi-scale cancer 
simulations



Pathomics,  Radiomics

Identify and segment trillions of objects – nuclei, 
glands, ducts, nodules, tumor niches … from 
Pathology, Radiology imaging datasets

Extract features 

Queries against ensembles of features 

Statistical analyses and machine learning to link 
Radiology/Pathology features to “omics” and 
outcome 



Tools to Analyze Morphology and Spatially Mapped 
Molecular Data - U24 CA180924 

• Specific Aim 1 Analysis pipelines for multi- scale, 
integrative image analysis.

• Specific Aim 2: Database infrastructure to manage 
and query Pathomics features.

• Specific Aim 3: HPC software that targets clusters, 
cloud computing, and leadership scale systems.

• Specific Aim 4: Develop visualization middleware 
to relate Pathomics feature and image data and to  
integrate Pathomics image and “omic” data.



Robust Nuclear Segmentation

• Robust ensemble algorithm to segment nuclei across tissue types

• Parameter exploration to optimize quality

• Systematic Quality Control pipeline encompassing tissue image 
quality,  human generated ground truth,  convolutional neural 
network critique

• Yi Gao,  Allen Tannenbaum,  Dimitris Samaras, Le Hou, Tahsin Kurc



Cell Morphometry Features







Feature Explorer - Integrated  Pathomics Features, Outcomes  
and “omics” – TCGA NSCLC Adeno Carcinoma Patients



Feature Explorer - Integrated  Pathomics Features, Outcomes  
and “omics” – TCGA NSCLC Adeno Carcinoma Patients



Collaboration with MGH – Feature Explorer – Radiology Brain 
MR/Pathology Features



Collaboration with SBU Radiology – TCGA NSCLC Adeno Carcinoma
Integrative Radiology, Pathology, “omics”, outcome

Mary Saltz, Mark Schweitzer SBU Radiology



Feature Scape

Relationship Between Image and FeaturesLeveraging Visualization to Aid in Feature Management

Step 1: Choose a case from the TCGA atlas (case #20)
Step 2: Select two features of interest; X 
axis (area), Y axis (perimeter)

Step 3: Zoom in on region of interest

Step 4: Pick a specific nucleus of interest. 
Each dot represents a single nucleus

Step 5: Evaluate the features selected in the context of 
the specific nucleus and where this nucleus is located 
within the whole slide image

The tool provides visual context for feature evaluation. This technique maps both intuitive features (i.e. 
size, shape, color)  and non-intuitive features (i.e. wavelets, texture) to the ground truth of source 
images through an interactive web-based user interface.

Selected nucleus 
geolocated within 
whole slide image

Detects 
elongated 
nucleus

 Going from the whole slide data set to selected features and back to the image
 Adding a visual perspective by using a live web-based interactive tool (http://sbu-bmi.github.io/featurescape/u24/Preview.html)















Algorithm Comparison, Validation, Uncertainty Quantification

• High quality image analysis algorithms are essential to 
support biomedical research and diagnosis
• Validate algorithms with human annotations

• Compare and consolidate different algorithm results

e.g.: what are the distances and overlap ratios between 
markup boundaries from two algorithms?

Green: algorithm 1

Red:    algorithm 2

Cross matching of two 
spatial data sets

MICCAI 2014
Brain Tumor 

Introduction



caMicroscope/MongoDB - Multiple Algorithm Comparison;  
Generate and Curate Pathomics Feature set



Heatmap – Depicts Agreement Between Algorithms



3D Slicer Pathology – Generate High Quality 
Ground Truth



Apply Segmentation Algorithm



Adjust algorithm parameters, manual fine tuning



Integrated feature, text extraction

Collaboration with TIES group

1. Docker based 
Segmentation/FeatureDB

2. TIES plus text feature extractor
3. SBU ITCR + Balasubramanian, Lynn 

Relate text features to image 
features
1. Demonstrate relationships
2. Create integrated human/algorithm 

feature metadata
3. Relate to “omics”, Radiology, outcome
4. In silico classifications 

Dockers Run at U Pittsburgh; extracted data analyzed at Stony Brook

GBM – Text/Image Features



Relationship between Text Nuclear Pleomorphism Feature and 
Imaging Features

Blue – presence of pleomorphism,  
Red – absence of pleomorphism



Dissemination 

• http://quip1.bmi.stonybrook.edu

• Containers

• Cloud

• 3D Slicer Pathology

• TCIA – Integration between Radiology, Pathology images 
and features

• TCIA - plugins will fetch GDC data for particular TCIA subject

• HPC via NSF and DOE

• TCGA – PanCanAtlas – Joint with Cooper and Gutman -
Lymphocyte characterization

• Integrated Features/NLP joint with TIES
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