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We are developing algorithms for the computer-assisted prognosis of neuroblastoma, a childhood 
cancer and computer-assisted grading of follicular lymphoma, a cancer of the immune system. For 
both diseases, the clinical decision is reached by the pathologist after examining tumor samples 
under a microscope. However, this qualitative evaluation has high intra- and inter-reader variability. 
For example, the discrepancy between the institutional and central reviewers of neuroblastoma is 
20%. Similarly, the agreement among experts for various grades of follicular lymphoma varies 
between 61% and 73%. By developing computer-assisted systems, we are aiming to make 
histopathological diagnosis of neuroblastoma and follicular lymphoma more accurate and 
reproducible, which can lead to more effective treatment and better outcome for patients.  

In our approach, input images, digitized, whole-slide tumor samples, are segmented into distinct 
cytological components according to the color and texture characteristics using novel segmentation 
algorithms [1-2]. Then, clinically-motivated features are extracted to characterize the morphological 
characteristics [3-7]. The most relevant and discriminating features are automatically selected for 
statistical classification processes to label the images according to their content [3, 5, 7]. For 
instance, we have developed algorithms to classify neuroblastoma samples based on the 
Schwannian stromal development and grade of differentiation, and to separate high- and low-grade 
regions from follicular lymphoma slides.   

The histopathological images are relatively large; therefore, our algorithms work on the images in a 
multi-resolution framework. We have tailored the classification algorithms to be compatible with this 
multi-resolution framework [3, 8, 9]. To increase the computational efficiency further, we have 
explored the use of general purpose graphical processor units (GPGPUs) and cell processors 
(Sony® Playstation 3) and successfully demonstrated significant performance improvements in the 
processing of histopathological images [10-11].   

With our current neuroblastoma classification system, the whole-slide accuracy of classifying grade 
of differentiations is 87.9% and classifying Schwannian stromal development is 88.4%. Moreover, 
the follicular lymphoma classification method can differentiate high- and low-grade regions with 
perfect accuracy when tested on 17 slides. From the computational perspective, the multi-resolution 
approach introduces computational savings up to 60% on average. Additionally, the use of 
GPGPUs decreases the computation time more than 40 times so that processing of a relatively 
small whole-slide of size 50k × 50 k is reduced from 35 minutes to less than one minute. The 
relatively high accuracy of the algorithms coupled with feasible processing times using novel 
computational infrastructures are promising for the computer-aided analysis of whole-slide 
histopathological images.     

mailto:Gurcan.1@osu.edu


References: 

1. Gurcan MN, Pan T, Shimada H, Saltz J, “Image analysis for neuroblastoma classification: 
Segmentation of Cell Nuclei,” 28th Annual International Conference of the IEEE Engineering in 
Medicine and Biology Society Conference, 30 August – 3 September 2006, New York City, New 
York. 

2. Kong J, Shimada H, Boyer K, Saltz J, Gurcan MN, “Image analysis for automated assessment 
of grade of neuroblastic differentiation,” IEEE ISBI2007: International Symposium on Biomedical 
Imaging: From nano to macro, April 12-15, 2007, Metro Washington, D.C.  

3. Kong J, Sertel O, Shimada H, Boyer K, Saltz J, Gurcan MN, “Computer-aided grading of 
neuroblastic differentiation: Multi-resolution and multi-classifier approach,” IEEE ICIP 2007: 
International Conference on Image Processing, September 16-19, 2007, San Antonio, TX.  

4. Gurcan MN, Kong J, Sertel O, Cambazoglu BB, Saltz J, Catalyurek U, “Computerized 
pathological image analysis for neuroblastoma prognosis,” AMIA 2007, November 10-14, 2007, 
Chicago, IL.  

5. Sertel O, Kong J, Lozanski G, Catalyurek U, Saltz J, Gurcan MN, “Computerized microscopic 
image analysis of follicular lymphoma,” Accepted to SPIE Medical Imaging 2008, 16 -
 21 February 2008, San Diego, California. 

6. Sertel O, Kong J, Shimada H, Catalyurek U, Saltz J, Gurcan MN, “Computer-aided prognosis of 
neuroblastoma: classification of stromal development on whole-slide images,” Accepted to SPIE 
Medical Imaging 2008, 16 - 21 February 2008, San Diego, California. 

7. Kong J, Sertel O, Shimada H, Boyer K, Saltz J, Gurcan MN, “A multi-resolution image analysis 
system for computer-assisted grading of neuroblastoma differentiation,” Accepted to SPIE 
Medical Imaging 2008, 16 - 21 February 2008, San Diego, California. 

8. Kumar VS, Kurc T, Kong J, Catalyurek U, Gurcan MN, Saltz J, “Performance vs. accuracy 
tradeoffs for large-scale image analysis applications,” IEEE Cluster 2007, September 17-20, 
2007, Austin, TX. 

9. Cambazoglu BB, Sertel O, Kong J,  Saltz J, Gurcan MN, Catalyurek U, “Efficient processing of 
pathological images using the grid: Computer-aided prognosis of neuroblastoma,” Challenges of 
Large Scale Applications in Distributed Environments (CLADE 2007), June 25, 2007, Monterey 
Bay, CA. 

10. Ruiz A, Sertel O, Ujaldon M, Catalyurek U, Saltz J, Gurcan MN, “Pathological Image Analysis 
Using the GPU: Stroma Classification for Neuroblastoma,” IEEE BIBM’07, November 2-4, 2007, 
Silicon Valley, CA.  

11. Hartley, TDR, Sertel O, Khan M, Catalyurek U, Saltz J, Gurcan MN, “Neuroblastoma stroma 
classification on the Sony Playstation 3,” APIII 2007, September 9-12, 2007, Pittsburg, PA.  

 


