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Cancer is a mortal disorder around the world, and according to the World Health Organization (WHO), it is a 
leading cause of death, causing nearly 10 million deaths in 2020. It is commonly treated by chemotherapy, 
radiotherapy, and surgery. However, the undesirable effects of these treatments encouraged clinicians to find 
better therapies, such as photothermal therapy (PTT). PTT has been commonly used for being less harmful to 
the healthy tissues near the cancer cells. However, it is necessary to know that the heat distribution is suitable 
and that the surrounding tissue is not overheated. This work uses Computational Fluid Dynamics (CFD) to model 
the cancer cell and the healthy tissue around it as a 3D model using ICEM CFD, a pre-processing program of 
Ansys Fluent 18.2.  It is found that wall shear stress is high, up to 4600 Pa in the top parts of the cell, and lower 
in others. The highest pressure on the cancer cell goes up to 36000 Pa in the lower parts of the cell. The results 
of this work could guide researchers in optimizing the photothermal therapy of cancer cells, and the modeling 
approach could be applied to investigate alternative therapies. 
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Introduction 
 

Cancer is an uncontrolled failure of abnormal cells that 
can attack and deteriorate normal bodily tissue. In 
addition, cancer also expands all over the body in an 
unpredictable process.  According to the World Health 
Organization (WHO), cancer is a leading cause of death, 
causing nearly 20 million new cancer cases and 09.7 
million deaths in 2022. Moreover, the determined 
number of people who were alive within 5 years following 
a cancer diagnosis was 53.5 million. About 1 in 5 people 
develop cancer in their lifetime [1,2]. However, 
advancements in traditional cancer therapies, such as 
photothermal therapy, have provided a continued 
decrease in cancer death rates since the early 1990s [2], 
[3]. Cancer is commonly cured by chemotherapy, 
radiotherapy, and surgery. Nevertheless, these therapies 
may have undesirable effects on the body, such as 
damaging healthy cells, injuring the patient’s immune 
system, and causing several harmful side effects. As a 
result of these inefficiencies, new effective therapies to 
destroy cancer cells without damaging healthy cells have 
been commonly developed [4-6]. Among other new 
therapies, there has been much interest in cancer 
photothermal therapy because of its minimal adverse 
effects on the healthy cells around the cancer cells.  

Photothermal therapy (PTT) is a well-known method 
for cancer therapy that uses high temperatures generated 
from optical energy to activate cancer cell burn death [7–
11]. Considering other therapies, such as radiotherapy 
and chemotherapy, PTT cancer treatment is very selective 
and minimally invasive because the healing effect of PTT 

cancer treatment occurs only at the sick cell site without 
harming normal tissues [12]. Besides being an effective 
therapy on its own, hyperthermia has also been well 
applied and showed a reduction of tumor size with other 
tumor treatment methods such as chemotherapy and 
radiation with the  [13-16]. Coleman et al. [17] worked on 
regional hyperthermia where tumor cell temperature is 
increased above 42oC for a couple of hours.   

When heating cancer cells, it is essential to know that 
the healthy tissue near them is not harmed. Due to 
hyperthermia, the surrounding tissue and muscles are 
also exposed to heat. Heat distribution affects the PTT 
since too much heat can damage cancer cells and human 
tissue. Therefore, it is essential to examine the suitable 
heat distribution and the effect of heat in PTT so that 
hyperthermia will burn the cancer cells without 
overheating and damaging the surrounding tissues [18].  

This study is different from the literature since it 
addresses the direct effect of temperature both on the 
cancer cell and also on the healthy tissue around the 
cancer cell. This study also carefully considers the change 
of different parameters, such as wall shear stress and 
pressure in PTT. Moreover, the temperature effect is 
comprehensively examined by modeling different 
temperature ranges for the cancer cell and the healthy 
tissue around it.  This study examines the heat effect of 
PTT on the cancer cell. It evaluates the heat distribution 
on the cancer cell and surrounding tissue. It also shows 
the impact of temperature increase, pressure, and wall 
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shear stress on the cancer cell. Furthermore, the healthy 
tissue near the cancer cell is also investigated.   

  

Methods 
 

Model Development and Computational Mesh 
Generation 

A cancer cell and healthy tissues around the cancer cell 
are modeled and meshed as a 3D model using ICEM CFD, 
a preprocessing program of Ansys Fluent 18.2 (a finite 
volume approach). A cancer cell is defined as a spherical 
particle (to reduce the computational time) with a 5 mm 
diameter, which is not the actual size, and the healthy 
tissue around the cancer cell is modeled as a cube with a 
side length of 10 cm. One assumption is that the cancer 
cell is modeled as a spherical particle. This assumption is 
made to simplify the simulations. This assumption might 
not change the results since this study considers the heat 
effect on the cancer cell, and the cancer cell shape is not 
very different than the spherical shape. Another 
assumption, which is using water near the cancer cell, 
does not change the results since the density and viscosity 
values of plasma are close to the values of water.  The 
cancer cell size is not the actual size of a human cell, but 
this work focuses on the heat transfer from the cancer cell 
and the changes in the healthy tissues around the cancer 
cell during photothermal therapy. The illustration of the 
3D model of the cancer cell and the healthy tissue is 
represented in Figure 1.  
 

 
(a) 

 
(b) 

Figure 1. (a) 3D computational model, (b) Meshing of the 
model. In both figures, the cancer cell is shown as a 
spherical particle in the middle, and the healthy tissue 
around the cancer cell is shown as a cube around the 
sphere. 

In Figure 1, the top and one side of the box are not 
displayed to increase the visibility of the cancer cell inside 
the box. Once geometric shapes have been produced, 
meshing proceeded with the formation of hexahedral 
elements throughout the entire geometry. After the 
meshes are constructed, the flow geometries are 
imported into Fluent to solve the incompressible Navier-
Stokes equations. Grid independence of the models is 
tested by refining the temperature at multiple cross-
sectional cuts between a more and less refined simulation 
solution was <3%. The model has approximately 105 524 
cells and 112 520 nodes. Grid-independent analysis for 
temperature is shown in Figure 2. 
 

 

Figure 2. Grid independence analysis for the model. 
 

It can be seen from Figure 2 that temperature values 
are independent of different mesh sizes. Since different 
grid sizes are independent of the results, the medium 
mesh size with 197812 cells is chosen for all simulations 
for modeling the cancer cell.  

 

Flow Simulation   
The finite volume-based Fluent simulator is used to 

model the cancer cells and healthy tissues and solve the 
governing equations in the flow field. The specified 
boundary conditions for the simulations include; the wall 
boundary conditions for the cancer cell and wall boundary 
conditions for the sides of the cube, which are 
representative of the healthy cell, with no-slip boundary 
conditions on the walls. In Ansys Fluent, the second-order 
upwind scheme is applied to discretize the momentum 
and the energy equations, with the SIMPLE algorithm 
utilized for pressure-velocity coupling. The time 
parameters for the simulations are specified as the steady 
state condition. In the case of heat required in 
photothermal therapy, there is one infrared heat source. 
Heating the cancer cell is represented by modeling the cell 
as hot on one side and colder on the other. Different 
temperatures are specified for the hot side of the cancer 
cell to define the more prolonged heating and, therefore, 
to show better the effect of heat transfer to healthy 
tissues around the sick cell. The current temperatures 
used in the model are 20oC for the cold part of the cancer 
cell and 40oC for the hot side. Different variations of the 
temperatures are also tried, such as the hot part of the cell 
being increased up to 80oC to have a bigger difference 



Cumhuriyet Sci. J., 45(4) (2024) 750-755 

752 

between the cold and the hot part. Since similar results 
are obtained, only 20oC for the cold side and 40oC for the 
hot side of the cell configuration are presented here for 
simplicity. The simplified model setup schematics are 
shown in Figure 3.  
 

 

Figure 3. The simplified model setup schematics of the 
cancer cell and the healthy tissue around it. 

 
The model parameters for the plasma of healthy 

tissue, such as density, viscosity, specific heat, and 

thermal conductivity, are specified depending on 
temperature. For simplicity, the healthy tissue plasma is 
considered water, and each particular parameter is 
defined for a specific equation, which depends on 
temperature.  
 

Model parameters for the flow simulation   
The density, specific heat, thermal conductivity, and 

dynamic viscosity data of water at different temperatures 
are taken from the literature [19]–[23]. Regression 
analysis determines the best fit for these parameters as a 
temperature function. The resulting formulas are shown 
in Equations 1 to 4, and the regression plots are 
represented in Figure 4.  

 
 

 (1) 

 (2) 

 (3) 

              (4) 
 
 

where ρ is density, cp is the specific heat, k is the 
thermal conductivity, µ is the dynamic viscosity, and T is 
the temperature. 

 

 

Figure 4. Top left: The density of water as a function of temperature; top right: The dynamic viscosity of water as a 
function of temperature; bottom left: Specific heat of the water as a function of temperature; and the bottom right: 
the thermal conductivity of water as a function of temperature. 
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Results and Discussion 
 

Effect of Temperature on Cancer Cells   
Photothermal therapy is represented when the cancer 

cell is heated on one side and cooler on the other. The 
highest temperature is 312 K, while the coldest 
temperature is 294 K. Figure 5 shows the temperature 
contours of the cancer cell.  
 

 

Figure 5. Temperature contours on the cancer cell. 

 
As shown in Figure 5, the side of the cancer cell that is 

heated by an infrared heat source has a high temperature. 
After the heating effect on cancer cells, it is important to 
observe their behavior. The error analysis shows that the 
model shows adequate correctness, which can also be 
seen in the R2 values in Figure 4. The determined R2 values 
are 0.9993 for the density equation, 0.995 for the dynamic 
viscosity equation, 0.9965 for the specific heat 
distribution, and 0.9999 for the thermal conductivity 
distribution. Therefore, more parameters of the cancer 
cell are observed. The change of the wall shear stress on 
the cancer cell is shown in Figure 6.  
 

 

Figure 6. Wall shear stress contours on the cancer cell. 

Figure 6 shows the wall shear stress values distribution 
on the cancer cell. Wall shear stress is high, up to 4600 Pa 
in the top parts of the cell. The value of the wall shear 
stress is lower in the lower parts. The lowest value is 1400 
Pa. Pressure values are also determined on the cancer cell 
and are illustrated in Figure 6.  

It is essential to analyze the wall shear stress profile on 
a cancer cell because it will affect the structure and the 
behavior of cancer cells to the endothelial cells [24]. The 
wall shear stress has been found to be a key component 
for a cancer cell and the endothelial cell in the vicinity of 
the cancer cell in the critical process in the metastatic 
scenario for affecting the cancer cell stiffness and 
adhesion of cancer cells to microvasculature [24].  
 

 

Figure 7. Pressure contours on the cancer cell. 

 
Figure 7 shows the distribution of the pressure values 

stress on the cancer cell. The highest pressure on the 
cancer cell goes up to 36000 Pa in the lower parts of the 
cell. The pressure value is lower on the top parts of the 
cell. The lowest value is 2000 Pa.  

High-pressure values on cancer cells could stimulate 
their proliferation by affecting their stiffness compared to 
surrounding cells [25]–[28]. Pressure changes in cancer 
cells have been found to affect their peripheries, 
perfusion, and the delivery of chemotherapy. The high-
pressure values will also influence the movement of 
cancer cells, if there are any [25]–[28].    

 

Effect of Temperature on Healthy Tissues in the 
Vicinity of Cancer Cells  

As discussed above, the healthy tissue near the cancer 
is modeled using a box around the cancer cell. In addition, 
the heat change around the cancer cell is scrutinized by 
adding more planes inside the box; some are very close to 
the cancer cell, and some are attached to the cancer cell. 
Also, several lines cut through the cancer cell from one 
side of the box to the other are created for a more 
detailed analysis. The plane analyzed here cuts the cancer 
cell at the center, which is presented in Figure 8A. The 
illustration of the plane attached to the cancer cell and the 
line are illustrated in Figure 8. 
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(a) 

 
(b) 

Figure 8. (A) Illustration of the plane, which is attached to 
the cancer cell. The plane cuts the cancer cell at the 
center. (B) The line, created from one side of the box 
to the other, cuts through the cancer cell. 

 
In Figure 8(a), the plane attached to the cancer cell is 

black, and the cancer cell is white in the middle of the 
plane. The line can be seen in Figure 8 (b)—both the plane 
and the line cut through the cancer cell. 

After creating planes very close to the cancer cell, the 
heat effect is analyzed on the cancer cell and the healthy 
tissues surrounding it. The change of temperature on the 
cancer cell and the cut plane (Figure 9) is shown in Figure 
9.  
 

 

Figure 9. Contours of temperature both on the cancer cell 
and the healthy tissue near the cancer cell. 

 

 

Figure 10. The temperature changes on the healthy tissue 
near the cancer cell. 

 
The heat effect during photothermal therapy is 

essential for the healthy cells around the sick cell.  As seen 
in Figure 10, the temperature in the healthy tissues, which 
are very close to the cancer cell, is mostly around 300 K. 
Moreover, the temperature is lower in the colder part of 
the cancer cell, which is about 298 K. The temperature 
effect on the line (shown in Figure 8) can be seen in Figure 
10. The cancer cell is in the middle, where the 
temperature goes up and down in Figure 10.  

After analyzing the temperature changes, the pressure 
variations on the healthy tissues around the cancer cell 
are also determined (Figure 11). 
 

 

Figure 11. Pressure contours the healthy tissue near the 
cancer cell. 

 



Cumhuriyet Sci. J., 45(4) (2024) 750-755 

755 

 As discussed in part 3.1, the pressure effect in the 
cancer cell and its vicinity is essential for changing its 
behavior [25]–[28]. As shown in Figure 11, the pressure 
values of healthy tissue around the cancer cell increase 
away from the cancer cell. Providing a quantitative 
validation for the CFD model is currently not available 
because of the deficiency of the experimental data. 

 

Conclusion 
 
For a deadly illness, there have been alternative 

therapies for cancer treatment, such as photothermal 
therapy. However, it is necessary to know that the heat 
distribution is suitable and that the surrounding tissue is 
not overheated. This work models the cancer cells and the 
surrounding healthy tissue using CFD. The temperature 
distribution of cancer cells and the healthy tissue is 
examined. Current findings show that temperature 
changes occur very near the cancer cell. Moreover, the 
cancer cell and the healthy tissue pressure are also 
affected by the PTT of cancer cells. The wall shear stress 
profile also affects the stiffness and adhesion of cancer 
cells to the microvasculature. Overall, this study concludes 
that the cancer cell and the tissue around it can be 
modeled effectively by using CFD. It has been shown that 
when photothermal therapy is used, the healthy tissue 
around the cancer cell is unaffected, demonstrating 
photothermal therapy’s effectiveness.  The results of this 
work could guide researchers in optimizing the 
photothermal therapy of cancer cells, and the modeling 
approach could be applied to investigate alternative 
therapies.  
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