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Abstract—This article presents an experimental discovery study 
of a potential first step in future computational analysis pro-
grams of Hematoxylin and Eosin (H&E) stained slides. Over the 
past decade, increases in computational power and improvement 
in image analysis algorithms have allowed the development of 
powerful computer-assisted diagnostic tools. These tools are 
used to help an experienced pathologist make an even more ac-
curate diagnosis. But there is a need for the development of a 
fully automatic computational tool that is easy to use and widely 
accessible. There is a stark contrast between the accessibility in 
third world countries, such as Tanzania and Chad compared to 
the U.S [2]. The survival rate of cancer patients is likely reduced 
as the correct diagnosis may not be consistently derived. If a ful-
ly automatic computational analysis tool that is accurate can be 
created, it could increase the survival rate of those who do not 
have access to an expert pathologist. In order to further progress 
towards that end, a tiling approach was tested as a key beginning 
step in future programs because of its many benefits and was 
confirmed by a heat map that was able to discriminate between 
cancerous and noncancerous regions.

I. METHODS AND MATERIALS
The main approach explored was the splitting of whole slide 

images into many thousands of images and analyzing them indi-
vidually rather than as a whole. The motivation behind this was 
that it was thought that this process would: increase efficiency as 
analysis could be done on areas rather than each individual cell, 
patterns could be analyzed within a given tile as well as across tiles, 
and future data could be incorporated more easily such as molec-
ular markers.

A cancerous and noncancerous whole slide image was obtained 
from the TCGA database [3]. Each was tiled into many thousand 
images and then clustered using a dendrogram and k-means func-
tion using 41 features. These features were the defaults from the 
EBImage package and included variable, such as cell radius and 
area. The means of the cells in a given tile were taken and assigned 
to each tile in order to perform this clustering. After the clustering, 
the tiles were plotted on a heat map in order to compare the results 
of the clustering to the original image.

II . EXPERIMENTAL RESULTS
As seen in Figure 1, the red area of the heat map appears vi-

sually representative of the cancerous regions. It was determined 
through the k-means clustering that this red group was largely de-
termined by the size of the cell radius. This is as expected since 
cancerous cells are generally irregularly shaped and larger in size.

III . DISCUSSION
The results obtained confirm that splitting a cancer image into 

many tiles is an effective method for analyzing whole slide imag-
es and detecting cancer with minimal complexity and allowance 
for a breadth of new data, such as molecular pathways. The most 
important part of this study was determining whether the tiling 
method was an efficient and useful way to analyze whole slide im-
ages. Many approaches include either tile only specific parts of the 
image or does not tile at all, analyzing the whole image instead [4]. 

These findings lead to the conjecture that tiling whole slide images 
into patches should be a best practice for any method, regardless of 
whether it is required due to computer processing power. Shown 
through the heat map of the cancerous and noncancerous images is 
that by tiling the images, a representative heat map of the original 
can be achieved even using relatively simplistic machine learning. 
This method was tested on several cancerous and non- cancerous 
slides, and was confirmed visually.

FIGURE 1: HEATMAP OF CANCEROUS IMAGE

On the left is the heatmap of the cancerous biopsy slide and on the right is 
the original whole slide image.

IV. CONCLUSIONS
The technique outlined in this paper may potentially be a key 

component in future programs used in hospitals. Hopefully, one 
day, such programs will be created to diagnosis cancer in a fully 
automatic and fairly accurate way so that access to proper diag-
noses can be accessed by all healthcare professionals all over the 
world.
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