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Radiotherapy cancer treatment modeling with fractional or ordinary 
derivative
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Introduction
The cancer treatment model is important in describing and 

analyzing the radiotherapy treatment process. However, predicting 
the outcomes of treatments is more important than describing 
the process. Therefore, the aim of cancer treatment models is to 
predict the outcome of treatment plans. There are two versions of 
these models, the ordinary derivative version and the fractional 
derivative version. The earlier models were mainly ordinary 
derivative versions [1-3], but recently the fractional derivatives are 
being integrated into the model [4-7]. Despite describing the same 
cancer treatment process analytically, it has not been ascertained 
whether the two model versions will produce the same numerical 
solutions. Also, it is important to investigate which model version 
will produce solutions that agreed with clinical data. 

So, in this short communication, the two versions of the model 
were used to simulate a cancer treatment process of a cancer 
patient. The two results were interpreted and compared with the 
clinical data. Finally, the fractional version was used to simulate a 
no-treatment case.

Methods
The ordinary derivative version of the model was given by 

equations (1) and (2), while the fractional version was given by (3) 
and (4). The supplementary definitions were given by equations (5) 
and (6), and the definition of the Caputo fractional derivative was 
given by (7) [8]. .
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where

1 2,  u u  are the populations of normal and cancer cells 
respectively,

1 2,  α α are the respective proliferation coefficients of cells,
K1, K2are the respective carrying capacities of cells,
β1, β2 are the respective competition coefficients of cells,
χ(u1, t) normal cells’ population decay due to radiation,
χ(u2, t) cancer cells’ population decay due to radiation,  
ϵ is the perturbation constant,
α is the yield rate for lethal lesions,
β is the yield rate for sublethal lesions,
Td is the total time of treatment (number of days),
T4 is the “kick-off” time for the repopulation of the cancer cells,
TP is the effective doubling time of the cancer cells,
S(t) is the time-varying fractionated dose rate,
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Λ is the repair time constant defined as  ,
T is the total time for radiotherapy (sum of (t)), 
T1/2 is the half time for the repair, 
  0

C
tDµ is the Caputo fractional derivative, and

 f(t) ϵ H1(0,b), H1is a Sobolev space.
The numerical simulations of the model were done by assigning 

numerical values to the parameters. The proliferation coefficients 
α1, α2 were chosen as 9.7041×10-4 and 0.3396 respectively [1]. 
The competition coefficients and the perturbation constant β1,β2 
were chosen as 0.0433, 0.2385, and 0.0008 respectively [1,7]. The 
radiation parameters were obtained from the clinical data of a cancer 
patient treated with radiotherapy [9]. The radiosensitivity values 
α,β were chosen as 0.3 and 0.03 respectively [9]. The half time for 
repair T1/2 was chosen as 15 minutes [10]. The rate of repopulation 
ln(2)/Tp and Tk were chosen as 0.6 and 28 days respectively [11]. 

The selected patient had a tumor volume of 28.4 cm3, uterine 
cervical cancer of the Squamous Cell Carcinoma type, and was 
administered on a radiation dose of 1.8 Gy with 25 fractions 
[9]. Therefore, S(t) and Td were chosen as 1.8 Gy and 35 days 
respectively. The time for a fractionated dose is approximately 15 
minutes, thus t and T was chosen as 15 minutes and 375 minutes 
respectively. The T value is the summation of the fractionated times 
and not the total number of minutes in the days of treatment.  The 
population of cells in a tumor is directly proportional to the volume 
of the tumor, and a tumor with a volume of 1 cm3 has approximately 
1 billion cells [12]. As a result, the initial population of cancer cells 
was scaled to 0.284 and the carrying capacities K1, K2 were scaled 
to 1. A major bottleneck in using the model is in finding a correct 
initial population for the normal cells, however, we assumed that 
the normal and cancer cells had equal initial populations. The 
populations of the cells and the time of treatment represented the 
variables in the model.   

After establishing numerical values for all the parameters and 
variables, the ordinary derivative version of the model (equations 
(1) and (2)), and the fractional derivative version (equations (3) and 
(4)) were solved in MATLAB. The fractional differential equation 
code (FDE12.m) [13-17] was used to solve the Caputo fractional 
derivative in the model. For the fractional derivative version of the 
model, the value of the Caputo fractional derivative was chosen as 
0.1588 in the FDE12.m code. In addition, the FDE12.m code was 
used for the ordinary derivative version of the model by making the 
value of the Caputo fractional derivative 1. Once the value of the 
fractional derivative becomes 1, the derivative becomes an ordinary 
derivative. The obtained simulated solutions represented the final 
populations of the cells from which the final volumes of the tumor 
and normal cells can be obtained. After simulating the radiotherapy 
treatment process with the two versions of the model, the fractional 
version was then used to simulate a no-treatment process. The no-
treatment process occurs when the cells’ population decay due to 
radiation was zero. 

Results
The results of the simulations showed that the fractional 

derivative model produced scaled final populations of 0.2817 and 
0.0568 for normal cells and tumor respectively, while the ordinary 
derivative model produced final populations of 0.1697 and 0.0. 
The corresponding volumetric values were 28.17 cm3, 5.68 cm3, 
16.97 cm3, and 0.0 cm3. The reported final volume for the tumor 
was 5.67 cm3 [9]. The simulated final tumor volume produced by 
the fractional derivative model, 5.68 cm3, was in close agreement 
with the clinical data 5.67 cm3. However, the simulated final tumor 
volume produced by the ordinary derivative model, 0.0 cm3, 
deviated much from the clinical data. Furthermore, for the no-

treatment case, we assumed a tumor of initial volume 5 cm3 because 
the 28.4 cm3 was an advanced tumor. Also, equal populations were 
assumed for the cells. The simulated results produced scaled final 
populations of 0.0491 and 0.1741 for normal and cancer cells, 
corresponding to volumes of 4.91 cm3 and 17.41 cm3. This implied 
that the assumed tumor will increase in size from 5 cm3 to 17.41 
cm3 during a no-treatment case. The results of the three simulations 
were presented in Figures 1-3.
Conclusion

In this short communication, the radiotherapy process of 
a cancer patient was simulated with two versions of the cancer 
treatment model. The two versions were fractional derivative and 

Figure 1. Population changes in the normal and cancer cells. 

Figure 2. Population changes in the normal and cancer cells.
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ordinary derivative versions. The results showed that the fractional 
derivative model produced better results than the ordinary 
derivative version. Finally, the fractional derivative model was 
then used to simulate the no-treatment process.
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Figure 3. Population changes in the normal and cancer cells.


