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Significant progress in understanding the mechanisms of carcinogenesis is associated with the discovery of tumor suppressor genes 
(or antioncogenes). It is known that in the human population, the number of normally functioning suppressor genes varies in different 
individuals at birth. The aim of the study was to assess the probability of cancer development in an individual with a different initial 
number of undamaged normally functioning antioncogenes. On the basis of the probabilistic mathematical model of carcinogenesis, 
the most probable age of cancer development depending on the number of intact antioncogenes was assessed. As a result of the 
studies, the probability of cancer development depending on the age of the patient is estimated. The dependence of the probability of 
cancer development in an individual on the number of undamaged antioncogenes is also investigated. The analysis of the 
significance of the number of tumor suppressor genes, the damage of which may be the cause of initiation of cell malignancy, has 
been carried out. 
KEYWORDS: tumor suppressor genes, probabilistic mathematical model, carcinogenesis, time of cancer development, genetic 
mutations, cell genome stability 
 

МЕТОДИКА ОЦЕНКИ ВЕРОЯТНОСТИ РАЗВИТИЯ РАКА ПРИ РАЗЛИЧНОМ КОЛИЧЕСТВЕ ГЕНОВ 
СУПРЕССОРОВ ОПУХОЛИ У ИНДИВИДА 
М. Бондаренко, В. Книгавко, О. Зайцева 

Кафедра медицинской и биологической физики и медицинской информатики 
Харьковский национальный медицинский университет 

пр. Науки, 4, Харьков, 61022, Украина 
Значительный прогресс в понимании механизмов канцерогенеза связан с открытием генов супрессоров опухоли (или 
антионкогенов). Известно, что в людской популяции у разных индивидов при рождении количество нормально 
функционирующих генов супрессоров варьирует. Целью работы явилась разработка методики оценки вероятности развития 
онкозаболевания у индивида при различном исходном количестве у него неповрежденных нормально функционирующих 
антионкогенов. На  основе вероятностной математической модели канцерогенеза проведена оценка наиболее вероятного 
возраста возникновения онкозаболевания в зависимости от количества неповрежденных антионкогенов. В результате 
проведенных исследований оценена вероятность возникновения онкозаболевания в зависимости от возраста больного. 
Исследована также зависимость вероятности возникновения онкозаболевания у индивида от количества имеющихся у него 
неповрежденных антионкогенов. Проведен анализ значимости количества генов супрессоров опухоли, повреждение 
которых может быть причиной инициации малигнизации клетки. 
КЛЮЧЕВЫЕ СЛОВА: гены супрессоры опухоли, математическая модель, канцерогенез, время образования 
злокачественной опухоли, генетические мутации, стабильность клеточного генома 

 
МЕТОДИКА ОЦІНКИ ЙМОВІРНОСТІ РОЗВИТКУ РАКУ ПРИ РІЗНІЙ КІЛЬКОСТІ ГЕНІВ СУПРЕСОРІВ 
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Значний прогрес в розумінні механізмів канцерогенезу пов'язаний з відкриттям генів супресорів пухлини (або 
антионкогенів). Відомо, що в людській популяції у різних індивідів при народженні кількість нормально функціонуючих 
генів супресорів варіює. Метою роботи є розробка методики оцінки ймовірності розвитку онкозахворювання у індивіда при 
різній вихідній кількості у нього непошкоджених нормально функціонуючих антионкогенів. На основі ймовірнісної 
математичної моделі канцерогенезу проведена оцінка найбільш ймовірного віку виникнення онкозахворювання в 
залежності від кількості непошкоджених антионкогенів. В результаті проведених досліджень оцінено ймовірність 
виникнення онкозахворювання в залежності від віку хворого. Досліджено також залежність ймовірності виникнення 
онкозахворювання у індивіда від кількості наявних у нього непошкоджених антионкогенів. Проведено аналіз значущості 
кількості генів супресорів пухлини, пошкодження яких може бути причиною ініціації малігнізації клітини. 
КЛЮЧОВІ СЛОВА: гени супресори пухлини, математична модель, канцерогенез, час утворення злоякісної пухлини, 
генетичні мутації, стабільність клітинного генома 

 
According to modern ideas about the nature of carcinogenesis, the development of cancer is a complex multi-stage 

process of accumulation of genetic mutations and other changes in the cell genome that leads to disruption of the basic 
cellular functions (regulation of proliferation, differentiation, apoptosis, morphogenetic reactions of the cell), and 
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leading to ineffective functioning of the antitumor immunity system. Significant progress in understanding the 
mechanisms of carcinogenesis was associated with the discovery first of oncogenes and protooncogenes, and then - 
genes of tumor suppressors (or antioncogenes). Tumor suppressor genes (TSGs) are cellular genes, the lesion or 
inactivation of which sharply increases the probability of neoplasm formation, and their function restoration, on the 
contrary, can suppress the tumor cells growth. TSG structure and expression disorder leads to disturbances in the work 
of the cell genome control system and antitumor immunity [1-4]. As for congenital anomalies in the system of genetic 
control, they are a factor that predetermines the inevitable neoplasm development. They increase the probability of 
occurrence of different carcinogenic mutations in each cell of the body so that sooner or later in one of the cells of the 
proliferating clone the required set of changes will necessarily accumulate under the selection pressure and a tumor will 
form. The formation of a tumor becomes only a matter of time [5-15]. It is assumed that initially at birth the number of 
normally functioning suppressor genes may be different for different individuals and the number is equal to several 
units; in the modern literature dozens of such genes are described [16-19]. The question about the number of TSGs and 
their significance in the magnitude of the probability of cancer development is very disputable. Undoubtedly, an 
important direction in studying the problem of carcinogenesis is a numerical evaluation of both the maximum value of 
the number of tumor suppressor genes in the cell and the determination of the significance of the number of undamaged 
antioncogenes in initiating the process of cell malignization.  

The purpose of this study was the development of a methodology for assessing the probability of cancer 
development in an individual with a different initial number of undamaged normally functioning tumor suppressor 
genes. 

 
RESULTS AND DISCUSSION 

Proceeding from the fact that tumor formation is a probabilistic process, we will use for its description laws and 
concepts of probability theory. Let’s introduce some assumptions and parameters. 

Let N be the maximum number of oncopotent cells in an individual; k is the initial number of TSGs in an 
arbitrarily chosen individual.  

The values of the parameters N and k are unknown a priori, and their estimation is the main problem in 
constructing the model. In further calculations, we will assume that the duration of the cell cycle is one day (this is 
typical for the HeLa cell line), and the probability of mutational damage of one tumor suppressor gene in one act of 
division is 510−  [20]. 

At given values of N and k, the values of the most probable age, as well as the average age of the individual in 
which cancer can develop, can be calculated and thereby an acceptable correct estimate of these ages can be obtained. 
But since the numerical values of the parameters N and k are unknown, in this paper we discuss only the methodology 
of estimating the probability of cancer developing at a certain age at a different number of undamaged normally 
functioning TSGs. 

In our previous studies [21], a probabilistic mathematical model was constructed that makes it possible to calculate 
the most probable age (τ) of the individual, in which the cancer develops, depending on the number (k) of TSGs present 
in the cells. Equation for calculation this age was solved in numerical terms and has the form 
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where T is duration of one cycle of cell division; 
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1 , α - the probability of damaging one TSG in one division 

cycle.  
Let, for example, the maximum value of number 6105,1N ⋅=  [20], and the maximum value of number 8k = . 

Then the dependence of the values of the most probable age of the individual, in which the cancer develops, on the 
values of the parameter k has the form shown in Figure 1. 

As can be seen from the graph, the greater the number of undamaged TSGs present in an individual, the greater 
the probability that he/she will develop cancer at a later age. Cases in which k = 1 and 2 are too unlikely for oncological 
disease to occur. Cases in which k = 7 and 8 correspond to an age of more than 100 years, which is not taken into 
account in the statistical data on the cancer incidence. 

Figure 2 shows the dependence of the probability of cancer development on the age of the individual. Data on the 
number of n = 8288 cancer patients were obtained in the archive of the S.P. Grigoryev Kharkov Institute of Medical 
Radiology. 

We compared the results of the study presented in Figures 1 and 2. Knowing the most probable age (t) for the 
cancer development in individuals for various numbers of intact TSGs (k), using data on the probability (p) of 
oncological disease development depending on the age of the patient, the probability of cancer development in the 
individual at the corresponding value of TSGs number (k) can be determined. 
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Fig. 1. Dependence of the most probable age of the individual in which the cancer develops on the number (k) of undamaged TSGs 

. 

 
Fig. 2. Probability (p) of cancer development depending on the age of the patient 

Figure 3 shows the graph of the probability (p) of cancer development in an individual, depending on the number 
(k) of his/her undamaged TSGs. 

 
Fig. 3. Dependence of the probability (p) of cancer development in an individual on the number (k) of intact TSGs. 

It can be seen from the graph that the probability of cancer development at 3k ≤  and 7k ≥  are practically equal 
to zero. Thus, the contributions of these numbers of undamaged TSGs to the general distribution can be neglected. 

Suppose that for the values of the number of undamaged TSGs equal to k = 4; 5 and 6, the quantities 4P , 5P  and 

6P   are the probabilities of cancer development at a given age at the corresponding values of  k = 4; 5 and 6. Since the 
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events under consideration with the indicated probability values do not form a complete group of events, then to 
calculate the true values of 4P , 5P  and 6P  they need to be normalized by one. As a result of the normalization the 
following values of the required probabilities are obtained: 

039394.0P4 = ; 572727.0P5 = ; 387879.0P6 = . 
Thus the following numbers of undamaged TSGs are the significant quantities for cancer developing: k = 4; 5 

and 6. 
Of course, further studies may require a significant correction of the values of both the parameter N and the 

parameter k. In addition, the accuracy of the method for assessing the probability of cancer development at a different 
number of intact TSGs based on the calculation of the most probable age of oncology development depends on the 
volume of statistical data. 

 
CONCLUSIONS 

1. The estimation of the most probable age of the individual in which the oncological disease occurs is performed, 
depending on the number of intact TSGs present in individual. 

2. On the basis of experimental data, the probability of cancer development depending on the patient's age is 
analyzed. 

3. The dependence of the probability of cancer development in an individual on the number of intact TSGs present 
in individual is studied. 

4. The analysis of the significance of the number of TSGs, the damage of which may cause initiation of cell 
malignancy, has been carried out. 

5. A methodology for estimation of probability of cancer development in an individual at a different number of 
intact TSGs has been developed. 
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