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Distribution features 

The distribution features aim at quantification of the spread of regional metastatic disease (metastatic 

lymph nodes LN) around the primary tumor (PT). This information is based purely on location and 

volumes of the nodes; no image intensity is taken into account. Here we present the summary of the 

distribution features and their definitions. The points within primary tumor and lymph nodes were defined 

based on the clinical contours and 1mm cubic grid. The clinical lymph node contour was additionally 

split into subcontours for single nodes (Figure 1). The distances between structures are defined as the 

distances between respective centers of the mass. The following features were then calculated. 

I. Features based on the center of the mass location 

 Center of mass shift between primary tumor contour and contour encompassing primary tumor 

and lymph nodes, CM – center of mass. 

1) 

center of mass shift = √(𝐶𝑀𝑃𝑇 −  𝐶𝑀𝑃𝑇+𝐿𝑁)2 

 Distribution of distances between primary tumor and lymph nodes, diPT – distance between the 

ith lymph node and primary tumor, n – number of nodes, dij – distance between the ith and jth 

lymph node and primary tumor. 

2)  

largest distance = max (𝑑𝑖𝑃𝑇) 

3)  
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4)  
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5) sum of distances between primary tumor and lymph nodes distances normalized by the 

average distance between lymph nodes. 

normalized sum of distances = 
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 Distribution of distances between primary tumor and lymph nodes weighted by lymph node’s 

volume, vi – volume of the ith lymph node. 

6)  

largest weighted distance = max (𝑑𝑖𝑃𝑇𝑣𝑖) 

7)  

mean weighted distance = 
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 Distribution of distances between primary tumor and lymph nodes weighted by lymph node’s 

volume and normalized by tumor volume, vPT – volume of primary tumor. 

8)  

normalized largest weighted distance = max (
𝑑𝑖𝑃𝑇𝑣𝑖

𝑣𝑃𝑇
) 

9)  

normalized mean weighted distance = 
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 Distribution of the smallest distances between the analyzed structures based on Kruskal 

algorithm [1] (see Figure 2), mindi – distribution of minimal distances, µmind – mean of the 

distribution of minimal distances. 

10) mean of the distribution of minimal distances  

distance distribution mean = 
1
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11)  variance of the distribution of minimal distances 

distance distribution variance = 
1

(𝑛+1)
∑ (𝑚𝑖𝑛𝑑𝑘 −  𝜇𝑚𝑖𝑛𝑑)2𝑛+1
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II. Features based on all the points within contours 

 Optimal number of clusters in kmeans clustering based on Calinski-Harabasz index and points 

within lymph nodes contour [2]. 

12)   

optimal cluster number 

 Principal component analysis based on all the points within primary tumor and lymph nodes [3]. 

13)   

elongation = √
𝑚𝑖𝑛𝑜𝑟 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 𝑎𝑥𝑖𝑠

𝑚𝑎𝑗𝑜𝑟 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 𝑎𝑥𝑖𝑠
 

 

14)   

flatness = √
𝑙𝑒𝑎𝑠𝑡 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 𝑎𝑥𝑖𝑠

𝑚𝑎𝑗𝑜𝑟 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 𝑎𝑥𝑖𝑠
 



 

Figure 1. Scheme of the lymph nodes distribution around primary tumor; vi – volume of ith lymph node, 

vPT – volume of primary tumor, diPT – distance between center of the mass of primary tumor and ith 

lymph node 

 

 

Figure 2. Scheme of the lymph nodes distribution around primary tumor additionally showing the 

shortest path between the structures 
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