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Abstract 

 

This paper discussed the stability of “Tumorigenesis Models” to link between EBV and carcinoma of the nasopharyngeal from normal 

cell to invasive carcinoma. The review on this case accomplished the previous theorem of equilibrium point on “Tumorigenesis Models”. 

 

Keywords: Nasopharyngeal Carcinoma; Equilibrium Point; Stability; Mathematical model. 

PACS: 87.19.xj. 

 

 

INTRODUCTION 
 

Nasopharyngeal carcinoma (NPC)  is a malignancy 

which is derived from epithelial or mucosa and kripta 

that coat the surface of nasopharynx. According to 

Munir (2006) in Indonesia nasopharyngeal carcinoma is 

the most excessively founded in the ear, nose, throat 

domain and the most patient are at age 40 or older. 

Soetjipto (1989) said that prevalence of nasopharyngeal 

carcinoma in Indonesia is 4,7/100.000 inhabitant per 

year. Whereas nasopharyngeal carcinoma cases in 

Sardjito Hospital in 2011 are comprised of  31 men and 

11 women (Ratnawati, 2012).  

In the previous paper we published a mathematical 

modeling of “Tumorigenesis Models” for EBV-

assosiated nasopharyngeal carcinoma and analyzed the 

equilibrium point of the cell development from normal 

cell to invansive carcinoma (Lo et al., 2012). This paper 

will described the stability mathematical model from 

normal cell to invansive carcinoma. 

 

 

MATHEMATICAL MODELING 
 

As discussed in previous paper (Sugiyanto et al., 2016), 

with refer to process “Tumorigenesis Models” for EBV-

assosiated nasopharyngeal carcinoma (Lo et al., 2012), 

then we can construct the diagram as follows: 

 

 

 

 
 

Figure 1. Diagram of nasopharyngeal carcinoma infection process. 
 

 

 

From the diagram above we obtain system of 

differentional equations that describes “Tumorigenesis 

Models” for EBV-assosiated nasopharyngeal carcinoma 

as follows (Lo et al., 2012). 
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Where 

( )N t  : The density of nasopharynx normal epithelium 

cell 

( )L t  : The density of lesions epithelium cell 

( )LD t  : The density of low grade dysplastic lesions cell 

( )I t  : The density of EBV latent infection cell 

( )HD t  : The density of high grade dysplastic lesions cell 

( )C t  : The density of invansive carcinoma. 

 

The equilibrium point of system differential 

equations (1) to (6) is,
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Where  

1 2 2 0c i d a     

3 2 3 0d i a    

4 4 0e l d a     

5 5 0m d a    

6 6 0d a   

 
 

STABILITY EQUILIBRIUM POINT 
 

The Jacobian matrix of system differential equations (1) 

is, 

( , , , , , )L HJ N L D I D C  
= ( )J E  

where E is the equilibrium condition. 

 

The characteristic equation is, 

1 2 2( )( )ib d a c i d         

3 2 3 4 4( )( )a i d a e l d         

5 5 6 6( )( ) 0a m d a d        
 

After some calculations we get, 

1 1( )b d    . 

2 2 2ia c i d     . 

3 3 2 3a i d    . 

4 4 4a e l d     . 

6 5 5a m d    . 

7 6 6a d   . 

 

Lemma 1. 

The equilibrium point ( *, *, *, *, *, *)L HE N L D I D C  

is asymptotic stable if,  
2 2ia c i d   , 

3 2 3a i d  , 

4 4a e l d   , 
5 5a m d  , and 

6 6a d .
 

 

In a medical point of view, in order to avoid the 

cancer cells then the abnormal cell should be dead 

quickly until the amount of proliferation cells smaller 

then apoptosis, so a stability will be formed, which mean 

that the cancer do not develop. Killing abnormal cells 

need a highly immunogenic (Janeway et al., 2001). In 

the stage of nasopharynx carcinoma, killing cancer cells 

will be more difficult, because cancer cels have 

characteristic of resisting cell death (Hanahan & 

Weinberg, 2011). 
 

 

 

SIMULATION
 

 

The selected parameters are given in tabular form below. 

Case I : Not infected with EBV. 

Case II : EBV infected but do not develop 

nasopharyngeal carcinoma. 

Case III : Infected EBV and nasopharyngeal carcinoma 

develops. 

 

For case I: 

In the first case of this sub-population: cells infected, 

high dysplastic lesion cells, and invansive carcinoma 

cells is zero. 

 

  0I t     0HD t     0C t   

 

System differential equations (1) to (6) became system 

differential equations (1) to (3). 
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Table 1. The values parameter for first case, not infected by EBV. 
 

No. Parameter Value Unit 

1. 1a  100 1/day 

2. 2a  1 1/day 

3. 3a  1 1/day 

4. 1d  0.08 1/day 

5. 2d  20 1/day 

6. 3d  2 1/day 

7. b  1 1/day 

8. c  0.5 1/day 

9. 1i  0.1 1/day 

10. 2i  0.5 1/day 

 

 

 
 
Figure 2. The process of cell development in the case which is not 

infected with EBV. 

 

 

In Figure 2, EBV is not detected in the body. In the 

first case, the normal cell decreased, while there was an 

increase lesion cell. Then the cell becomes low 

dysplastic lesion cell because p16 is inactive. Because 

there is no detection of EBV then the high dysplastic 

cells did not happen and does not became to invasive 

carcinoma. This is consistent with description from 

Figure 2. 

 

For this case II: 
In the second case of this sub-population: high 

dysplastic lesion cells and invansive carcinoma cells is 

zero. 
 

  0HD t 
 

  0C t 
 

 

System differential equations (1) to (6) became system 

differential equations (1) to (4). 

 

Table 2. The values parameter for case infected by EBV, but did not 
develop nasopharyngeal carcinoma. 

 

No. Parameter Value Unit 

1. 1a  100 1/day 

2. 2a  1 1/day 

3. 3a  1 1/day 

4. 4a  1 1/day 

5. 1d  0.2 1/day 

6. 2d  8 1/day 

7. 3d  2 1/day 

8. 4d  2 1/day 

9. b  1 1/day 

10. c  4 1/day 

11. 1i  0.1 1/day 

12. 2i  2 1/day 

13. e  0.1 1/day 

14. l  1 1/day 

 

 

 
 

Figure 3. The process of case development of EBV-infected cells, but did 
not develop nasopharyngel carcinoma. 

 

 

In Figure 3, EBV is detected in the body. In the 

second case, the normal cells decrease very rapidly in 

the early years and higher lesions cells which is very 

fast. When p16 is inactive, the lesion cells becomes low 

dysplastic cells. Presence of EBV lytic cause abnormal 

cells, low dysplastic cells, can easily be infected by EBV 

lytic and makes infected cells. The EBV lytic there is an 

increase, although not significant.  

 
For this case III: 

System differential equations same with system 

differential equations (1) to (6). 
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Table 3. The values parameter for case infected by EBV and developing 
nasopharyngeal carcinoma. 

 

No. Parameter Value Unit 

1. 1a  100 1/day 

2. 2a  2 1/day 

3. 3a  1 1/day 

4. 4a  1 1/day 

5. 5a  2 1/day 

6. 6a  2 1/day 

7. 7a  2 1/day 

8. 1d  1 1/day 

9. 2d  2 1/day 

10. 3d  2 1/day 

11. 4d  2 1/day 

12. 5d  3 1/day 

13. 6d  3 1/day 

14. 7d  1 1/day 

15.   5 1/day 

16.   1 1/day 

17.   1 1/day 

18.   5 1/day 

19.   2 1/day 

20. 
 

1 1/day 

21. 
 

2 1/day 

22. 
 

1 1/day 

 

 

 

 

Figure 4. The process of development case of EBV-Infected and 

developing nasopharyngeal carcinoma. 

 
In Figure 4, EBV is detected in the body. In the third 

case, because low immune system, lytic viruses evolve 

very rapidly. Thus making normal cell down very 

quickly, otherwise latent EBV-infected cells increased. 

This coincided with increase high dysplastic cells. The 

high growth fueled high dysplastic cells growth invasive 

carcinoma very quickly. These cases need special 

attention. We need for follow-up studies, so there is 

prevention in anticipation of invasive carcinoma. It 

should be a particular concern because it studied the 

beginning of nasopharyngeal carcinoma. 

 

 

CONCLUSION 
 

This paper have completed the equilibrium point system 

in (1). For the asymptotic stability on equilibrium point 

will be fulfilled if 2 2ia c i d   , 
3 2 3a i d  , 

4 4a e l d   , 
5 5a m d  , and 

6 6a d . It mean 

that to aim the stability it must fulfilled that the 

proliferation of lesion cells, low dyplastic cells, 

invection cells, hight dyplastic cells, and invansive 

carcinoma cells are smaller than the rate cell that go in 

the next direction compartment and died cells. 
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