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Introduction
Mathematical analysis and computer simulations have 

a potential for investigation of cancer development. Clinical 
application of simulating cancer growth is to project and analyze 
its spreading and treatments, such as hyperthermia therapy, 
photodynamic therapy, fulguration, and even medication doses. 
Pursuing a simulation model, we developed a procedure with a 
Monte Carlo approach and applied it for an exponential growth of 
tumors in the human bladder. In this study, the tumor growth rate 
is proportional to its volume (V):

 .dv SGRV
dr

=  (1)

Where SGR is the specific growth rate and it is the time [1,2]. 
The solution of equation (1) is

2 1( )2
1 expSGR t tV V ∗ −= ⋅  (2)

in which V1 and V2 are tumor volumes at t1 and t2, respectively. 
Tumor volume doubling time (DT) is often used for quantification of 
tumor growth rate [1].It indicates the time required for V2 reaches 
2V1. The relationship between DT and SGR [2] is

2InDT
SGR

=   (3)

The tumor cells and bladder tissues are modeled as hexahedral 
elements of 250micronsin size. Each element is in contact with 
adjacent elements or urine. To obtain the cancer growth probability 
(CGPi) for each element, the time step Δt used in the computation 
was24 hours which was selected after a convergence analysis 
with the initial tumor volume 1oV =   mm3[3]. Also, the values of 
DT equal to 50.6 and 67.5hoursare employed for bladder cancer 
253JB-V and253J-Pcells, respectively [4]. These experimental data 
result in SGR=ln 2 /DT = 0.0137 and 0.01 for these two types of 
cancer cells. Tumor growth rates depend on various factors such as 
cell type, growth fraction, cell loss rate, and the patient conditions 
[2].In the present study, CGPi is considered with cancer attribute  
( )iCA which indicates the number of element surfaces in contact 
with253JB-Vor253J-P cells. The CGPi of an element is defined as
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in which ΔVis the difference tumor volume in a time step Δt. 
Ve is the volume of each element, and 
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attribute of all the elements. Figure 1 shows the simulated of 
a tumor mass developed from3 to 21 days. The computational 
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domain is 3cm x 3cm x 3cm with an initial tumor volume of 1 mm3. 
In clinical studies, a tumor size more than 3cm was considered as 
a high risk [5,6]. Figure 2 compares the growth of cancer volume 

between bladder 235JB-V and 235J-P cancers. Since the present 
analysis does not include other factors for cancer development, the 
tumor growth follows that of equation (2). 

Figure 1: Computational simulation of bladder tumor 235JB-V over a period of 21 days.

Figure 2: Comparison of tumor growths between 235JB-V and 235J-P bladder cancers.

Conclusion
The present study developed a procedure for 3D simulation 

of tumor growth and applied to two types of bladder tumor cell 
lines 253J B-V and 253J-P. The results will be compared with 
experimental study using a micro-CT. One may base on patient’s CT 
images to specify initial tumor pattern to model patient’s tumors 
for consideration of different treatments. 
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