Supplementary 1: Three energy terms
First, the edge energy term () drives the contour toward the tumor edges where the tumor has a distinct boundary. This term calculates the inner product of the surface normal and the gradient of an input image: 
                         (1)

where  is a gradient vector flow (GVF) field.
Second, the region energy term () is applied to define a region boundary based on a probability model for intensity distributions on target () and background () regions, assuming that each region has a distinct probability function. 
                           (2)
where the probability of intensity values  is observed at a given data partition.
Third, the smoothing energy term () regularizes the surface curvature so as to make smooth surface, preventing irregular fluctuation caused by image noise. 
              (3)
where  is a stopping term and  is the convolution of image  with the Gaussian filter 
By combining three energy terms, we attempt to adapt this hybrid active surface model to reliably segment brain tumors in MR images by finding a set of weighting factors for the three energy terms tuned to the brain tumors ROIs. 

